1 METHOD FOR REMOVI NG CONTAM NATI ON FROM A SUBSTRATE AND FOR MAKI NG A
CLEANI NG SOLUTI ON BACKGROUND [0001] Inlthe fabrication of sem conductor
devi ces such as integrated circuits, nmenory cells, and the |ike, a series
of manufacturing operations are perfornmed to define features on

sem conductor wafers ("wafers"). The wafers include integrated circuit
devices in the form of nmulti-level structures defined on a silicon

substrate. A]r\/ﬁg'ygmtﬁ ft(?l# REMOVM{B@NT%M ﬁﬂép ﬁiﬁbﬁﬁiﬁn regi ons
are formed. | n subsequen evel's,” 1 nterconnect metallizatlon I'nes are
patterned abUJBSERAFE ANDFOR MA KINGeAt CIDEANSNG OIS TIONeS i ne a
desired integrated circuit device. Al so, patterned conductive |ayers are

i nsul ated fromother conductive |ayers by dielectric materials. [0002]
During the series of manufacturing operations, the wafer surface is exposed
to various types of contam nants. Essentially any material present in a
manuf acturing operation is a potential source of contam nation. For
exanpl e, sources of contamination may include process gases, chenicals,
deposition materials, and liquids, anong others. The various contam nants

may deposit on the wafer surface ﬂ?%@ﬁbhkﬁﬂh@te form If the particulate

contam nation is not renoved, the hin the vicinity of the quite
difficult, contamination will 1ikely be inoperable. Thus, it is necessary
to cl ean [08QHtIanthe fabringtipn o semicopgp@er demigascuich sdntgisedasirquits] pegoryl et e
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particul ate ‘contam nati on

size of feaficondtctbaRiiceat edleas).t Tike WafeRy incIRBORYrated cirGlCdbviddRd the form
particul ate contam nation w thout adversely affecting the features on the

waf er catf Beiti-gedsgiruchesedefingdamn dcpilegonciubsinitng e lebitratealesel; dlangstor

heavily o i force ta enp particul ate,contamnation, fromthe
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mechani cal force to the wafer surface increases. For exanple, features
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. FEssentially any material pfesent in a manufacturing
operation is a potential source of contamiﬁation. 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 forrn If the
particulate contamination is not removed, the devices within the vicinity of the quite
difficult. contamination willl 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. 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 péﬁiculate contamination without adversely affecting the features on the wafer

can be

[0_003] Conventional wafer cleaning methods have relied heavily on mechanical force to
remove particulate contamination from the wafer surface. As feature sizes continue to

decrease and become more fragile, the probability of feature damage due to




havi ng hi gh aspect ratios are vulnerable to toppling or breaking when

i npacted by a sufficient nmechanical foice. To further conplicate the

cl eaning problem the nove toward reduced feature sizes al so causes a
reduction in the size of particulate contam nation that nay cause damage.
Particul ate contam nation of sufficiently small size can find its way into
di f fi cul tapphicatieacel meekanich felde tadhewaler swiface isuedsens Hom examplen fdatures

surround by high aspect ratio features or. bridgi of .conduct i | i nes,
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conti nui ng advances in wafer cleaning technology. It should be appreciated
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same shortcomn of the integrated. circujt nuf act uri ng di scuyssed above.
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speaki ng, the present invention fills these needs by providing an’i nproved

cl eani ng aspedimatipuisatsiras o¢ badging gl sonduciivnlindst ctehBtibg clfecien pnésomtiadagitgt t he
present inventi.on can b?cll | emented in n rrer&ul?sﬂwaés, i ncl udi ng.as a
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is disclosed for renoving contamnation froma subStrate. “The net hod

i ncl udes appiciatedythat di enanufaytgolguepicontions fomiipt packishaiseduffiafen the same
conti nuo(l;sﬁwﬁhase an articles di sgersed \%VI thin the cogti nuous phase to a
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cont am nants. rcing 1s sufficient to overcone any repul sive torces

bet ween tdeanpeyteclulige. and the surface contamnants so that the one of the
particles and the one of the surface contanm nants are engaged. The nethod
al so includes renoving the engaged ggniiiarg and surface contam nant from

the surface of the substrate. [000B] T another enbodi nent, a cl eaning

sol uti on [0004]CB@adiygefking Mhe PRSHIC irBenSHDENS e nddide Pipeskitlyig an KNPROSS | S
provi ded. The process includes adding a fatty acid to water and eating
the fattyleming (ehBique aindt tlsaning salutidpefasnudd disosrorecisied tthaigthsopragent

tenper at UpGeRfon can be implemented in numerous ways, including as a system, an apparatus and a

method. Several inventive embodiments of the present invention are described below.

~[0005] In one embodiment, a method is disclosed for removing contamination from a
substrate. The method includes applying a cleaning solution having a dispersed phase, a
continuous phase and particles dispersed within the continuous phase to a surface of the
substrate. The method iﬁcludes forcing one of the particles dispersed within the
continuous phase proximate to one of the surface contaminants. The forcing is sufficient
to overcome any repulsive forces between the particles and the surface contaminants so
that the one of the particles and the one of the surface contaminants are engaged. The
method also includes removing the engaged particle and surface contaminant from the

surface of the substrate,

[0006] In another embodiment, a cleaning solution for cleaning a semiconductor substrate
prepared by a process is provided. The process includes adding a fatty acid to water and
heating the fatty acid/water solution to a temperature above a melting point temperature of

the fatty acid to emulsify the fatty acid in aqueous solution. The fatty acid is then




the fatty acid to enulsify the fatty acig i n agueous solution. The fatty
acid is then 3 dissociated in the enulsified solution. The enul sified
solution is cooled belowthe nelting point tenperature of the fatty acid.
[ 0007] In yet another enbodi ment, a cleaning solution for cleaning a
Substrate | I : .Nroce inel .
orepar ng SRR e euRiERERaRLLE, PhEUniited B RRfkg itk cting
speci f i ed psint temiperaqirg of ghe $itfy 24d.i on range and adding the fatty acid to
water. The process al so includes dissociation of the fatty acid in the
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[ 0009] O her aspects an vant ages of e’invention W beconme nore

apparent f e ..follow,ng detail ed description, taken in cgnjunction
weh the aloBIRLE g PR sEBo et PRerR gobire b ot SeRErh I THESH Bsent
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will be readily understood by the followng déetailed description in

conj unct i owithint & spdeificalcomepatragion g angeamidngklingawdtel itk ¢her fattgraent solutiomer hs

designate |ike structural elements.. J0011] Fjgure 1 is an illustration
showi ng a 5499%%8&2%0 IBF%?WQ%?Z%IO&O@&% faréuﬁ]&%n by pfing Brsurfaceslivh gubstance or
cont ami natbﬁﬁntzﬁﬁ@h@f&%&dﬁ%ﬁ%H%%@ﬁti&@fer’ in accordance with one enbodi ment

of the present invention. 1 Figures 2A-2B are illustrations show ng

how t he cl gan ial. funct i : f. taminant fromt

wafer. i CR0F SRRl B an M5BT o o TR o oGl A rerb O 8.1 5

Figure 3 ifolldwitd desiledideanipgbo\MaRen an fdoppi@bast wath thenRichbRgadydis aaimy'gﬁg
e

contam natjon froma substrate, in accordance with one enbodi nent of
present i Hirsisatingby way of example the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The present invention will be readily understood by the following detailed
description in conjunction with the accompanying drawings, and like reference numerals

designate like structural elements.

[0011] Figure 1 is an illustration showing a physical diagram of a cleaning material for
removing contamination from a semiconductor wafer, in accordance with one embodiment

of the present invention.

f0012] Figures 2A-2B are illustrations showing how the cleaning material functions to
remove the contaminant from the wafer, in accordance with one embodiment of the present

invention.

[0013} Figure 3 is an illustration showing a flowchart of a method for removing
contamination from a substrate, in accordance with one embodiment of the present

invention.




4 [0014] Figure 4 is a sinplified schematic diagramillustrating a graph
depicting the net interaction energy cfirve formed when subtracting the
attraction curve fromthe repulsion curve in accordance with one

enbodi ment of the invention. [0015] Figure 5is a sinplified schematic
dragranrrllustratrng an aggregate of surfactant nolecules which may form
t he sol i dl093s} Figues dé@cﬁ&mpbﬂecheﬂ@mucwhamnoﬂummgwgrhplodeplctmgathdmwm of

t he i nven 0 u i.S_a ed schematic_.di agr

e of -t ko R St rdnduplrTioeihe SRS aPbiBgablsiol
enbodi mén&ur@é irt dt€otdaN@ Wit Bne EFd{hef FUheEinQEhtioh. @ sinplified schematic

di agram of a side view of the systemdepicted in Figure 6A for cleaning a

substrate n [
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i nventi on. t MAllipﬁ apparent, however, to one skilled in the art that

t he presefit WHV@H??G eﬁﬁ?mﬁelpractlced without some or all of these
specific details. In other instances, well known process operations have
not been [0§d6LFigheedoA s @lertna:ruﬁed mclmrmraénc dingram of anoreeiewsdr dystemboc aleaninge

pr esent |nv i.on 9 enbo nt s scribed herein provide for a
cl eaning t& ghgjﬁd% %ﬁﬁ%r%? ﬁ??ggl ’ﬁEmﬁgggepﬁ?ngﬂraS|ve contact and is
ef ficient ? Kfleanrn contam nants from sem conductor substrates, some of
whi ch mayl[0037k Sighraplg s aspaplificd sehongticdisgram, of wiideevieweof dhw sisfam depjoted
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‘t hese cl eani |cat| e ex ogy requrring
t he renoval of cont anmi nant s fronra substrate As descrrbed bel ow, a

cl eani ng sol uti on having a corDEr4eueD Deser@dos di spersed phase is
provided. Solid particles are di SSem nat ed t hroughout the conti nuous

phase. Asiﬂﬂé&hlm&reefqﬂpwﬁmdcﬁcépémsenirmﬂna&espreeifmr&tmm sttdeeforgasm bdabltes

di spersed_ thro hout th i nu phase, e.g., w.th reference to a foam
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described in detail in order not to unnecessarily obscure the present invention.

[0019] The embodiments described herein provide for a cleaning technique that climinates
the need for abrasive contact and is efficient at cleaning contaminants from semiconductor
substrates, some of which may contain high aspect ratio features. While the embodiments
provide specific examples related to semiconductor cleaning applications, these cleaning
applications may be extended to any technology requiring the removal of contaminants
from a substrate. As described below, a cleaning solution having a continuous phase and a
dispersed phase is provided. Solid particles are disseminated throughout the continuous
phase. As used herein, the dispersed phase refers to either gas bubbles dispersed
throughout the continuous phase, e.g., with reference to a foam, or liquid droplets
dispersed throughout the continuous phase, e.g. with reference to an emulsion, or even
solids (different than the solid particles) dispersed through the continuous phase. In one
embodiment, the dispersed phase provides a vehicle to bring the solid particles proximate
to the contaminant in order for the solid particles and the contaminant to interact to

eventually remove the contaminant.




to the contam nant in order for the solid particles and the contam nant to
interact to eventually renove the cont@nminant. 5 [0020] Figure 1 is an
illustration showi ng a physical diagramof a cleaning material 101 for
renovi ng contam nation 103 froma sem conductor wafer ("wafer™) 105, in
accordance w th one_enbodi nent of the present invention. The cleaning
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107, soli . imm sci.ble, co nepts,. 111 The solid
conponent gerﬁ(g‘gyé; gglﬁ%%"ﬂrgaggli" 0 Iﬁg C%E%ﬂpao Frapfndpgipr 51?33“ Ql’“@&é Ps K- Ui PRFYSd45E
cont i nuousvithi dhigi cntitRItthelN ok Qife pleBent 3%veRtiSn e MRO GlcARME Smatt 8 103 VR hO PRt

| iquid medium 107 can be either aqueous or non-aqueous. Depending on the

parti cul afveRBIHinglades a eomsinuans lapiid medisonb®h evlidcongonents 168, aidfinmestibla

either a has a Liquid.phase, a solid phase, or a conbination of
gas, |i qu?%?lp%l%a%sgl’lll'd_ :)lhgssé’glfi ?Wpddﬁgtseﬁ@o&flﬁ'gws?ﬁk CRTPSH él? are
conponent gispésedvaiigf thoegbnBBucusNMigkidr Se@iurd MOV S CPl R0t O RMIBHhchtsl 1he
wherein each i mm sci bl e conponent 111 within the m xture has either a

conmon phyetiapusstigrid raedivm diOF feen dateithpryaivcals ot mineaquBous. eRepeplimg dnnthe
vari ous enbodi rrent% $l.t he PtE%Si cal .states of .inmm scihle onents 111

: co

within t h8HCHer Fabgdimett, ilﬁ‘P‘éSCI@BrPSB}?é’H?IES can be; AMEH SN I0EE AR o
liquid, apBas, aNduid phald, & softd lphaidl & 2 in2@od 86 oA 1j anaLian pf

mul tiple gpases, rquljll tpi%g%e Isioquipgs, andegnﬂlaltn?gdl)degfs%% 32@8{%&2)%%%%%% d be
appr eci at ege embeditrieat, itherinsmisbibée conpoweiatld 1 latd defiredi asti moitieefiimintiscilsles pect

to th ti i.qui d di 107.. | | nbodi t, th
i sci bF EOEBMBIRe S WS e st Fpsrible 2omgauth b raeTMEHT AU PR BAL AT Auous
liquid W&hﬁﬁh}ﬂ?sicdl@ta@é‘@% D @HcRNe PRI ALY s@QRP Gy @‘Ezﬂﬁ?le,t 8B Sfibdifen

! ts. .
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enbodi nent,” the solid conponents 10 eaning material 101 may
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respect (o the continuous liquid medium 107. In one exemplary embodiment, the
immiscible components 111 are defined as gas bubbles within the continuous liquid
medium 107. In another exemplary embodiment, the immiscible components 111 are
defined as liquid droplets within the continuous liquid medium 107. Regardless of the
particular embodiment associated with the continuous liquid medium 107 and immiscible

components 111, the solid components 109 are dispersed in suspension within the

continuous liquid medium 107.

[0022] It should be understood that depending on the particular embodiment, the solid
components 109 within the cleaning material 101 may possess physical properties
representing essentially any sub-state within the solid phase, wherein the solid phase is
defined as a phase other than liquid or gas. For example, physical properties such as
elasticity and plasticity can vary among different types of solid components 109 within the
cleaning material 101. Additionally, it should be understood that in various embodiments
the solid components 109 can be defined as crystalline solids or non-crystalline solids.

Regardless of their particular physical properties, the solid components 109 within the




defined as a phase other than liquid or gas. For exanple, physical
properties such as elasticity and plasicity can vary anmong different
types of solid conponents 109 within the cleaning material 101.
Additionally, it should be understood that in various enbodi ments the
solid conponents 109 can be defined as crystalline solids or
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i nt er act i qgnpiinktits 0N hadihe aBhGmlator3t he waf er 105 whil e avoi di ng both
adhesion and damage to the wafer 105. In addition, the solid conponents
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surface functionality that enab I spersi on roughou urd medi um
107. For mitdriading omiplocemtbminbis 108abn dhe maferhBifewhile faasidingf both tadaesadd hyd t hat

enabl es di spersion throughout the liquid medium 107, chem cal dispersants
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exanple, in varI,ous enbo%i ments the solid con‘gonent‘s 109 may form
aggr egat eSnCRalily;, daat epables dispeawpe threpghenb sthe oliquid smadival | §p7armemidabr
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i ncl usi Vewltﬂ%ﬁe’ Sulrrr(l)ugctﬁgerl_ e_r(vibodi,rrent s, the_solid conponents 109
g liquid medium 107, the solid components 109 may take one or more
of several different forms. For example, in various embodiments the solid components 109
‘may form aggregates, colloids, gels, coalesced spheres, or essentially any other type of
agglutination, coagulation, flocculation, agglomeration, or coalescence. It should be
appreciated that the exemplary list solid component 109 forms identified above is not
intended to represent an inclusive list. In other embodiments, the solid components 109
may take a form not specificaily identified herein. Therefore, the point to understand is
that the solid components 109 can be defined as essentially any solid material capable of
| functioning in the manner previously described with respect to their interaction with the

wafer 105 and the contaminants 103.

[0024] Some exemplary solid components 109 include aliphatic acids, carboxylic acids,
paraffin, wax, polymers, polystyrene, polypeptides, and other visco-elastic materials. The
solid component 109 material should be present at a concentration that exceeds ifs

solubility limit within the liquid medium 107. In addition, it should be understood that the




may take a formnot specifically identified herein. Therefore, the point to
understand is that the solid conponent§ 109 can be defined as essentially
any solid material capable of functioning in the manner previously
described with respect to their interaction with the wafer 105 and the
contam nants 103. [0024] Sone exenplary solid conponents 109 include
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sulfhydryl, but still maintaining insolubility in the liquid medium 107.

[0026] In some embodiments, addition of a dispersant material to the liquid medium 107
may be required to enable a particular type of solid component 109, such as a fatty acid, to
disperse throughout the liquid medium 107. For example, a base can be added to the liquid
medium 107 to enable suspension of solid components 109 formed from materials such as
carboxylic acid or stearic acid that are present in less than stoichiometric quantities. In one
embodiment, the base is Ammonium Hydroxide, however, any commercially available
base may be used with the embodiments described herein. Additionally, the surface
functionality of the solid component 109 materials can be influenced by the inclusion of
moieties that are miscible with the liquid medium 107, such as carboxylate, phosphate,
sulfate groups, polyol groups, ethylene oxide, etc. The point to be understood is that the

solid components 109 should be dispersible in a substantially uniform: manner throughout
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throughout the continuous liquid medium 107. In one embodiment, the gas bubbles are
defined to occupy 5% to 99.9% of the cleaning material 101 by volume. In another
embodiment, the gas bubbles are defined to occupy 50% to 95% of the cleaning material
101 by weight. The gas defining the immiscible components 111 can be either inert, e.g.,

N, Ar, etc., or reactive, e.g., O,, O3, Hy0,, air, H,, NH3, HF, etc.

{0029] In the embodiment having the immiscible components 111 defined in the liquid
phase, the immiscible components 111 are defined as liquid droplets dispersed throughout
the continuous liquid medium 107, wherein the liquid droplets are immiscible within the
liquid medium 107. The liquid defining the immiscible components 111 can be either inert
or reactive. For example, a low-molecular weight alkane, e.g., pentane, hexane, heptane,
octane, nonane, decane, or mineral oil may be used as an inert liquid for defining the
immiscible components 111, wherein the liquid medium 107 is aqueous. In another
example, oil soluble surface modifiers may be used as a reactive liquid for defining the

immiscible components 111.
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Figures ZA-2B possesses the same charactensncs as previously described with respect to

Figure 1. As shown in Figure 2A, within the liquid medium 107 of the cleaning material
101, the solid component 109 is interposed between the contaminant 103 and the
immiscible component 111. The immiscible component 111 within the liquid medium
107, whether gas bubbles or liquid droplets, has an associated surface tension. Therefore,
when the immiscible component 111 is pressed downward against the solid component
109, the immiscible component 111 becomes deformed and exerts a downward force F
on the solid component 109. This downward force (F), or a normal component of F, serves
to move the solid component 109 toward the wafer 105 and contaminant 103 thereon. In
one embodiment, the interaction between the solid component 109 and contaminant 103
occurs when the solid component 109 is forced sufficiently close to the contaminant 103,
In one embodiment, this distance may be within about 10 nanometers. In another
embodiment, the interaction between the solid component 109 and contaminant 103 occurs
when the solid component 109 actually contacts the contaminant 103. This interaction

may also be referred to as solid component 109 engaging contaminant 103.




renove the contam nant 103 fromthe wafer 105, in accordance with one
enbodi nent of the present invention. 14 should be understood that the
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[0033] Interaction between the solid component 109 and the contaminant 103 can be
established through one or more mechanisms including adhesion, collision, and attractive
forces, among others. Adhesion between the solid component 109 and contaminant 103
can be established through chemical interaction and/or physical interaction. For example,
in one embodiment, chemical interaction causes a glue-like effect to occur between the
solid component 109 and the contaminant 103. In another embodiment, physical
interaction between the solid component 109 and the contaminant 103 is facilitated by the
mechanical properties of the solid component 109. For example, the solid component 109
can be malleable such that when pressed against the contaminant 103, the contaminant 103
becomes imprinted within the malleable solid component 109. In another embodiment, the
contaminant 103 can become entangled in a network of solid components 109. In this

embodiment, mechanical stresses can be transferred through the network of solid




every contam nant 103 on the wafer 105 will be in proximty to at |east one
solid conponent 109. It should al so bellappreci ated that one solid :
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from the wafer 105. However, in the case where the solid component 109 is softer than the
contaminant 103, the adhesive connection between the solid component 109 and the
contaminant 103 may be stronger. Conversely, if the solid compenent 109 is at least as
hard as the contaminant 103, a substantially complete transfer of energy can occur between
the solid component 109 and the contaminant 103, thus increasing the force that serves to
dislodge the contaminant 103 from the wafer 105. However, in the case where the solid
component 109 is at least as hard as the contaminant 103, interaction forces that rely on
deformation of the solid component 109 may be reduced. It should be appreciated that
physical properties and relative velocities associated with the solid component 109 and the

contaminant 103 will influence the collision interaction there between.

[0036] In addition to the foregoing, in one embodiment, interaction between the solid
component 109 and contaminant 103 can result from electrostatic attraction. For example,
if the solid component 109 and the contaminant 103 have opposite surface charges they

will be electrically attracted to each other. It is possible that the electrostatic attraction




mechani sm Additionally, as the contam nant 103 is pressed into the solid
conponent 109, a vacuum force can be edZablished to resist renpval of the
contam nant 103 fromthe solid conponent 109. [0035] In another
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contamination from a substrate, in accordance with one embodiment of the present
invention. It should be understood that the substrate referenced in the method of Figure 3
can represent a semiconductor wafer or any other type of substrate from which
contaminants associated with a semiconductor fabrication process need to be removed.
Also, the contaminants referenced in the method of Figure 3 can represent essentially any
type of contaminant associated with the semiconductor wafer fabrication process, including
but not limited to particulate contamination, trace metal contamination, organic
contamination, photoresist debris, contamination from wafer handling equipment, and

wafer backside particulate contamination.

{0039] The method of Figure 3 includes an operation 301 for disposing a cleaning material
over a substrate, wherein the cleaning material includes solid components dispersed within
a liquid medium. The cleaning material referenced in the method of Figure 3 is the same
as previously described with respect to Figures 1, 2A, and 2B. Therefore, the solid

components within the cleaning material are dispersed in suspension within the liquid
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[0041] In one embodiment of the method, the immiscible components are defined within
the liquid medium prior to disposing the cleaning material over the substrate. However, in
another embodiment, the method can include an operation to form the immiscible
components in-situ following disposition of the cleaning material over the substrate. For
example, the immiscible components can be formed from a dissolved gas within the liquid
medium upon a decrease in ambient pressure relative to the cleaning material. It should be
appreciated that formation of the immiscible components in situ may enhance the
contamination removal process. For example, in one embodiment, gravity serves to pull the
solid components toward the substrate prior to formation of the immiscible components.
Then, the ambient pressure is reduced such that gas previously dissolved within the liquid
medium comes out of solution to form gas bubbles. Because the solid components have
settled by gravity toward the substrate, the majority of gas bubbles will form above the

solid components. Formation of the gas bubbles above the solid components, with the




crystalline solids. In another enbodi ment, the solid conponents are defined
as non- crystalline solids. In yet anotlHer enbodi ment, the solid conponents
are represented as a conbination of crystalline and non-crystalline
solids. Additionally, in various enbodinents, the |iquid nmediumcan be
ei t her aqueous or non-aqueous. [0040] The method al so includes an operation
303 for apPidsampoactisplreadyocsctileddpivard the mplstratst wild séive nyettuecsmovememmbonent
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conmponents. Formation Qf the gas bubbles above the solid conponents, with
th gp 14 component Ecss ma?leable to better hold its conformal shape relative to trl'rlg contaminant,

thus effectively locking the solid component and contaminant together. The temperature
may also be used to control the solubility and therefore the concentration of the solid
components. For example, at higher temperatures the solid component may be more likely
to dissolve in the liquid medium. The temperature may also be used to control and/or

“enable formation of solid components in-situ on the wafer from liquid-liquid suspension.

[0044] In a separate embodiment, the method can include an operation for precipitating
solids dissolved within the continuous liquid medium. This precipitation operation can be
accomplished by dissolving the solids into a solvent and then adding a component that is
miscible with the solvent but that does not dissolve the solid. Addition of the compbnent
that is miscible with the solvent but that does not dissolve the solid causes the precipitation

of a solid component.

[0045] The method further includes an operation 305 for moving the solid component
away from the substrate such that the contaminant that interacted with the solid component

is removed from the substrate. In one embodiment, the method includes an operation for




solid conponents already settled toward the substrate, will serve to
enhance novenent of the solid conponent’s to within proximty of the
contam nants on the substrate. [0042] In various enbodi nents, the
interaction between the solid conponent and the contam nant can be
establ i shed by adhesive forces, collision forces, attractive forces, or a
conbi nat i centroigngeafilowAtato of ithe dosnisgriveticiakover thhesubstdmh cantrol oc lenltmcan
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operation 305 for noving the solid conponen
In one embodiment described herein, this energy may be provided by the cleaning solution,

or more specifically, an immiscible component of the cleaning solution, as described
above. The electrostatic repulsion curve 401 indicates the energy that must be overcome 1f
the particles are to be forced together. It should be appreciated that the maximum energy is

related to the surface potential and the zeta potential.

[0047] Van der Waals attraction is actually the result of forces between individual
molecules in each particle/colloid. The effect is additive; that is, one molecule of the first
particle/colloid has a Van der Waals attraction to each molecule in the second colloid.
This is repeated for each molecule in the first particle/colloid, and the total force is the sum
of all of these. The attractive energy curve 403 is used to indicate the variation in Van der
Walls force with distance between the particles. At each distance on the X axis the smaller
value is subtracted from the larger value to get the net energy. The net value is then
plotted, above if repulsive and below if attractive, and a curve is formed. If there is a

repulsive section, then the point of maximum repulsive energy is called the energy barrier




away fromthe substrate such that the contam nant that interacted with the
solid conponent is renoved fromthe sulgsstrate. |In one enbodi nent, the
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the first pa the tota rce 1st sum
form when a concentration of surfactant is greater than the critical micellar concentration

(CMC), and the temperature of the system is greater than the critical micellar temperature.
. As is generally known surfactants are chemicals that contain both hydrophobic groups, e.g.
long hydrocarbon chains, and hydrophilic groups, e.g., ionic or polar groups. Thus, in an
aqueous or other polar solvent, the core 501 of the micelle consists of the hydrophobic
portion of the molecules, while the hydrophilic portions 503 remain on the surface of the
molecule so that they can maintain favorable contact with water. In the case of ionic
surfactants, in one embodiment, the electric charge of the ionic heads is neutralized by the
oppositely charged ions (counter ions) located in the layer around the micelle, to fulfill the
condition of electroneutrality. In an alternate embodiment, where a non-polar solvent is
used in the continuous phase, the hydrophilic groups will form the core of the micelle, and
the hydrophobic groups remain on the surface of the micelle, i.e. a reverse micelle. Thus,
in one embodiment, the micelle 109 represents an agglomeration/assembly of surface-

active molecules that may function as the solid components 109. Of course, it should be




of all of these. The attractive energy curve 403 is used to indicate the
variation in Van der Walls force with ifi stance between the particles. At
each distance on the X axis the snmaller value is subtracted fromthe

| arger value to get the net energy. The net value is then plotted, above
if repulsive and below if attractive, and a curve is forned. If there is a
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nol ecul es may al so be referred to a mcelle. Mcelles formwhen a
concentration of surfactant is greater than the critical mcellar
concentration (CMC), and the tenperature of the systemis greater than the
critical mcellar tenperature. As is generally known surfactants are

chem cal s that contain both hydrophobic groups, e.g. |ong hydrocarbon

chai ns, and hydrophilic groups, e.gEXAMPBLE lor polar groups. Thus, in an
aqueous or other polar solvent, the core 501 of the mcelle consists of the
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remin onsgl?g Sstéjartifca:cied ?;bOEIP 8.1% by weight to about 10% by weight) is heated above 70
degrees Celsius and added to the heated water. The water-stearic acid mixture is stirred at a
rate so that the immiscible stearic acid is dispersed or emulsified within the continuous
water phase. Ionization of the stearic acid is initiated by adding a base to bring the pH up
to a point where about 50% of the carboxylic acid is dissociated, i.e., the dissociation
constant (pK;) is about 50%. This occurs at a pH of about 10.2. An exemplary base added
to the solution to bring the pH up is ammonium hydroxide (NH4OH). The concentration of
the NH4OH can range between 0.25% and 10% by weight. The stearic acid/water/NH,OH
mixture is stirred for an additional 20 minutes to form a homogeneous solution. The
solution cools to ambient and sits for 10 hours and over time a precipitate forms, i.e., the
solid components. During stirring, air can be entrained into the mixtare but it is not
necessary. The size distribution of these precipitate particles (solid components) is

between about 50 nanometers and 5000 micrometers.




nol ecul e so that they can naintain favorable contact with water. In the
case of ionic surfactants, in one enbodBnent, the electric charge of the
ionic heads is neutralized by the oppositely charged ions (counter ions)

| ocated in the layer around the mcelle, to fulfill the condition of
el ectroneutrality. In an alternate enbodi nent, where a non-polar solvent is
used in the continuous phase, the hydrophilic groups will formthe core of

the mcelle, and the hydrophobic groups renain on the surface of the
mcelle, i.e. a reverse mcelle. ThiBXAMPLEde enbodi nent, the mcelle 109
represents an aggl oneration/assenbly of surface- active nol ecul es that may
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may be conbined into a foam application or an enul sion application.
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the stearic acid is initiated by adding a base to bring the pHup to a

poi nt where about 50% of the carboxylic acid is dissociated, i.e., the
di ssoci ation

EXAMPLE 3

- [0052] A mixture of stearic and palmitic acids is dissolved in isopropanol (IPA) while
agitating the solution. The concentration of dissolved fatty acids in the solvent can range
from about 2% to 20% by weight. Heating of the solvent below the boiling point of the
solvent or addition of another organic solvent or solvents, such as acetone or benzene, can
improve solubility of the fatty acid. The solution can be agjtated by shaking, stirring,
rotating, etc. Once the dissolution is complete, the remaining solids can be removed by
filtration or centrifugation. The solid-free solution is next mixed with water {a non-solvent
for the fatty acid) to precipitate a fatty-acid solid. The precipitated fatty acid becomes
suspended in solution with the size distribution in the range between 0.5 and 5,000
microns. lonization of the stearic acid can be initiated by adding a base to bring the pH up

to 10.2 or higher. An exemplary base added to the solution to bring the pH up is




constant (pKa) is about 50% This occurs at a pH of about 10.2. An

exenpl ary base added to the solution tt®bring the pH up is ammoni um

hydr oxi de (NH4AOH). The concentration of the NHAOH can range between 0.25%
and 10% by weight. The stearic acid/water/ NHAOH mixture is stirred for an
additional 20 mnutes to forma honogeneous solution. The solution cools
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concent 1 atcieanin®f cidhisinl Y@dmbakt ¥scaCiod Shé Hahklas AppBdtios ANPHAOA 07 HoMeabout
2% to 20% by weight. Heating of the solvent bel ow the boiling point of the

sol vent orclegaigtisthearhpeoividen thendryingrogpability o weay utidize 9o lineghgas, sucheh Nigogaret one

o Pg?gg“%d@ﬁgakll%%gﬁf rprsrti(%)s!%lgrgl libdd Qnt L8 dBtyr afoflor %SO khSia &N Pe
appreciated that portions 605 and 607, which are located downstream from the cleaning
portion 603 in one embodiment, may provide a cleaning meniscus and may be the
proximity cleaning head owned by the assignee and further described in the cross
referenced applications listed below. One skilled in the art will appreciate that substrate
601 may rotate and/or rotate and move linearly. Alternatively, the cleaning head may
move over substrate 601 while the substrate is stationary or also moving. In yet another
embodiment, the cleaning may be performed in a cleaning compartment where a single
walfer is deposited and the cleaning solution is applied. In still yet another embodiment, a
tool providing sequential compartments for each of portion 603, 605, and 607 may be
provided. In another embodiment, the cleaning head may include two portions 603 for

cleaning solution with portion 605 sandwiched in between the two portions 603. Thus,

numerous configurations are available for the functionality described herein.

[0054] Figure 6B is a side view of the cleaning head of Figure 6A. Cleaning fluid is
supplied to portion 603 as mentioned above. DIW and/or some other suitable cleaning

chemistry may be provided to portion 605. Vacuum may optionally be provided to portion




rotating, etc. Once the dissolution is conplete, the remaining solids can
be renoved by filtration or centrifugall on. The solid-free solution is
next mxed with water (a non-solvent for the fatty acid) to precipitate a
fatty-acid solid. The precipitated fatty acid becones suspended in
solution with the size distribution in the range between 0.5 and 5, 000

m crons. PBhialsattp prodde g meeniscanns disacssel trameleossneferanted applicatdsl bgow ihase

to bring the p .ta 10.2 or  hi r. An exenpl ary base added to the

sol ution %‘8’%?‘%&‘5- A3 IB?AQ &p° iagdfeig‘bfaﬁmmvmdh"{})’d%ﬁ?w%%E’Nﬂzl@ﬁ)agamhévhﬂe
concent r aFigifesOb Al Rgd N# O CaR: &ﬁ@&%ﬂﬁé@f‘e - O‘fr?élﬂ; ° Molpiw

[ 0053] Fi gugrme 6A is a si rrpFi fi (Sad schenat | gtl zﬁgri%éo ad'g“%?)/? \t/%‘l\llgé\‘//{vﬁ(ltffg gle
syst em f ormbpdimenisgnasbesaxbatded teflatpand divpdign cwlarict s, omenepidedisseat. of t he
invention. Substrate 601 noves in a linear direction toward the cl eaning

head. The [@I562Fongdtigiadali HTbistedn atRAK tthe PrEKidnityC OAfdroHesd 4 @FOWstgy t he
cl eaning sol ution. As described above, the cleaning solution may 'be in the
form of a§fegRsesTands Bsde 19iap xemplapheysenbéasieast in thb.% (Ratent Ng. 64883104@n i s

del i d: f i i \ ized. Lf th
Feser voi r FallTbR IERAREL 20860 JMeG" AP B, RS RYES TS, Svdve op
into a fodamRIQEANNDSMDRYOE] T VoF eifiéna MochARMI With Repeht td/ﬁl%r;ﬁ%ﬁiﬂﬁy

reservoir is not pressurized, the cleaning solution nmay be punped or
del i ver edheash Geigienet Kar be aradsriioyark eesmplary apreximily headt heidesceibbddi wemt,S.an

emul si on deld d. t hescl.eani d from.an,off-1ine reservoir.
Portion 6 Pﬁ@})ugg'slgg'?% lirﬁgslgedc%eﬁ?%?lp ?rn%uﬁaa@da@tlgﬁflzg&%?éf OF Y AR or
some ot heprOXIMERN CORANING TENDL DR YIRS YaddfiRMal ffodniiicRadolf Wifhnd bottom
application. Portion 607 of the cleaning head provides the drying

capabi | i t eaiel. refprages cary be anadenierthe gasmplaric mepisciy, @s dipetoscdmm LbS. Batbmiw

nonr cc ot SpBffuionMor! BEE0BR. RGP D Deafinia" 2o 20E e ousdifile tVESREFS0m
t he cl eanip@uuRQ TP A ONARRS DEYIOR MENROMD MeRss adBN o @NfofBaforC hSeHR i AGhisci,

meni scus and nmay be the proximty cleaning head owned by the assignee and
further dedeiengseean he trhaslectoolsS. Ragdng N ceP %P, itsaed ensldnistye?dt, 2906 vandOne

ot at e ang e Vikrblcnys, AR B rnb AR TRICES UG A SHERRARLE UiGE aver

SUthE r at eDBINANMICIIIQUID MENSSCBEE dnd (Shabhenany. 99885 1£50YA BE Jadddry &4,

AT 005 and entitled PHOBIC BARRIER MENISCUS SEPARATION AND
CONTAINMENT.”

[0056] In some contemplated embodiments, the continuous phase or dispersant phase
includes those compounds that are considered part of the hydrocarbon family.
Hydrocarbon compounds are those compounds that comprise carbon and hydrogen. It
should be understood that a majority of hydrocarbon compounds are non-polar, and
therefore less polar than water; however, there are a few hydrocarbon compounds that
could be considered to be as polar or more polar than water. Hydrocarbon compounds are
generally broken down into three classes: aliphatic, cyclic and aromatic. Aliphatic
hydrocarbon compounds may comprise both straight-chain compounds and compounds
that are branched and possibly cross-linked, however, aliphatic hydrocarbon compounds
are not considered cyclic. Cyclic hydrocarbon compounds are thosé compounds that
comprise at least three carbon atoms oriented in a ring structure with properties similar to

aliphatic hydrocarbon compounds. Aromatic hydrocarbon solvents are those compounds




enbodi nent, the cleaning may be perforned in a cleaning conpartnment where a
single wafer is deposited and the clea&1ing solution is applied. In stil

yet anot her enbodi ment, a tool providing sequential conpartnments for each
‘of portion 603, 605, and 607 may be provided. |In another enbodi nent, the
cl eani ng head may include two portions 603 for cleaning solution with

portion 60&t cameise ghedtallynthietovesore bheatdraedpondd whis a SRgle Hipu®, multpleRingsl S
configurati ogs g{e avai lable for the functionality described herein. [0054]
Fi gure eBfashed qyga ¢emamons berkk apflen inHiipe dhesf fussdy dpgetis,  Govsampiaied | ui d

is suppljy 0, &#Pyan : ' b\ | \V o] o]

sui tabl e }é e%érﬁ??]% ¢ chem g%&;ﬁ%gg@@%h@p@\%ng,eg‘ﬁ? lgngo%{\:@gég&B@g.ag@gU%ﬁﬁ%y
opt i onal | yapherapHosobenk haphpler W, aika@s, 60 & pentine, heosie @soheXams] heptanels
di scussed in the cross-referenced ap?lication below in nore detail. An

i nert gas"¥RAfor OqtPK: afladssanti demettylistane ohewplpcanper idegien, PaRpdesane,
Figures 6 :ﬁﬂg Il ] S \ r
substrateéy enégﬁgggﬁ%%%¥§®ﬁ%§§g%w%&pgﬁﬁgﬁﬁﬁéJ%ﬁg%négﬂéﬁﬁﬁg%%%%y%Fh38Iar

cel |'s, mechlopndlel hg@scaredm, flubidd hidiocabishst haadd hyiksyaiink oengdeRyl 2t he
proximty vapor clean and dry system reference can be nade to an
exenpl ar ydiggeshdbgngense r | Betrimethfeengers, mineral sRbits. kemeing4oiscbutdbezanesn

e Enna o RRETBAG R e fme RS Bt P M R ORE e o

proxi m t yareh@adimitell &{ gofin didx e, Magand, Cyaldhex@BPb&nd) rtobik#d, tyylcheadd as
described in the U S Patent No. 6,616,772, issued on Septenber 9, 2003
and ent i t MEureRPTFEPEnEigrRs\Grert. PROXI M TY CLEANI NG AND DRYI NG. " For

addi tional information about top and bottom nenisci, reference can be nade
to the exHWSThhyothrenicmeunsplated edibsdinenes thencddtiSeouRgthestt or digeiriacaphasn niNg.

VAPOR, ' DRSO RCEEIPORE B! BRiafor HeBnR 6h HGORRERPRRmIY of |
oo S ecst M RER oy SOl BySRRE Lophse , Bl
DYNAM C Lk&poihd) MEhYISEHE, ketamd atdl $he Rit,ealtolds, whiflo 8n32E:; fluasnmal alnohkdsiuary
(Z:Aa\n- AI2 ﬁ(l\)/gﬂﬁaﬁr:]rg, \%2110. tilnglgdé I?Ill_ilglr?rllact:ecF éls?g{rls!z fpiuolvrli_'lll\leltesgéjgd %Erﬁ%%gll%d éal\}lgonate—bascd
compounds, such as propylene carbonate and the like, ethers, which inciude fluorinated
ethers, and amines, which include fluorinated amines. In yet other contemplated
embodiments, the continuous phase or dispersant phase may comprise a combination of
any of the compounds mentioned herein. Thus, where the continuous phase is a polar
solvent such as water, the above listed non-polar compounds may be used in the dispersed
phase, as the non-polar compounds are typically immiscible with polar solvents. Of
course, the non-polar compounds may be used in the continuous phase for certain
applications and the polar compounds may be used for the dispersed phase. Exemplary
polar solvents besides water include acetic acid, formic acid, methanol, ethanol, n-
propanol, n-butanol, isopropanol, acetone, acetonitrile, dimethylformamide, dimethyl

sulfoxide, and mixtures thereof. It should be appreciate that the lists of materials provided

hetein are meant to be exemplary and not limiting.

[0058] Although the present invention has been described in the context of removing
contaminants from a semiconductor wafer, it should be understood that the previously

described principles and techniques of the present invention can be equally applied to




[ 0056] In sone contenpl ated enbodi nent sy5t he conti nuous phase or di spersant
phase includes those conpounds that arée considered part of the hydrocarbon
famly. Hydrocarbon conpounds are those conpounds that conprise carbon and
hydrogen. It should be understood that a majority of hydrocarbon conpounds

are non- p%h@agglr%asﬂﬁacetsrb?l{cfgftl;?{?:stehﬁ%cglgﬁébg{}vafe@%o%aﬁ{éﬂ?,gﬁ’%gr\égéélti fich &ht @

few hydrocar conpoun e consirdere pol ar “or nore
pol ar t harbewatdro clédndingeauiphient QTR BSE] iArsemicdadeité thanubi , S@wRin diyo0
three classes: aliphati cyclic and aromatic. Aliphatic hydrocarbon

c
conpounds SREPTEBhBTace tBlEmtosanyugiace Brhisinesivisoumenialaammeeasion dkith theat

are branc n i [ -l inked, -however.. allphati drocar hon
conmpounds Qs%r”ge%ﬁg f?%gén% é%ar _ggﬁ cyt Ll e .%rQ/T E? PE@SW H}V(?Beé&b%ar? ai%?%p%ﬁ@@ ‘ﬂﬁ%

t hose comeshndBgyhadas WD dofi@nifiatloBaginov I RenfRHRAN B&O8FnE, &Rt Pebskit
ring structure wth properties simlar to aliphatic hydrocarbon conpounds.

Aronat i ¢ HAYRIEencesmesised datremaye cotigmimatiomoo urads 18dd int Het spacerpragsen, or
general ly three or re unsaturated bonds with a single ring.or multjple
Pings. o cuineR e B O s PGSBS e R TS SR T e
Cont enpl ataBMIDHE-DER RGeSO VDE Teild) Ghatisryt RVIEN Gic. X 1! §B8I B deRBfd

m xyl ene, nesitylene, solvent naphtha H, soOlvent 'naphtha A, al kanes, such
as pent andhatifeafnrementonesidasting of exdraplary arere wénee, tho pteacrd indotec axag be used

2- met hyl but ane,  hexadecane, tri.decane, pentadecane, . cyc| opentane,

o et i bRy PO CREe PR ah SR BE. RANBGaG d i BapROHed Bich as
chl ori nat g Rysger08anRANS, th! H@F [ ons,
benzene, 1,2- dinethyl bentzene, Hf@?’?%ﬁﬁﬁ e%%réryg, éé%%@?%@f%@?%?@

ker osi ne, essmbiellyityerbkarsauctune sinhl asapnbitedienearted padet, @tauene, 1i groi ne.
Particularly contenpl ated solvents include, but are not limted to,

pentane, feaspeVhie piaiventiomchehexad@cribaizeies ifebuealembeod s, a1 be
m xtures or conbi nations thereof. [0057] In other contenpl ated enbodi nents,

the cont i ripBiFsiagdathet grosgiskpledsianthe pihgeomagadingothsr preeedingospecifsapounasl t hat
e ot copi o iyt {0 DUOLCRRRT AT S GRIPRRAR R o

ket ones, wh uorinate nes, one,

met hyl et hyjhiviiRh@N@e@0t Thereldrk gt istin€RBed shat Wi iBsenh GlveAord IndRigNall gekh
al cohols, esters, which include fluorinated esters, fluorinated and

non- f | uor iak&TaEgNs ALPigant @epaviadons, and equivalents as fall within the true spirit and scope

of the invention. In the claims, elements and/or steps do not imply any particular order of

operation, unless explicitly stated in the claims,




conpounds, such as propyl ene carbonate and the |i ke, ethers, which include
fluorinated ethers, and am nes, which 23nclude fluorinated am nes. In yet
ot her contenplated enbodinments, the continuous phase or dispersant phase
may conprise a conbination of any of the conpounds nmentioned herein. Thus,
where the continuous phase is a polar solvent such as water, the above

| i sted non-pol ar conpounds nay be used in the dispersed phase, as the

non- pol ar conpounds are typically immscible with polar solvents. O

course, the no unds may be used in the continuous phase for
certain appllgﬁﬁfgﬁgngﬁgﬂfhe pol ar conpounds nmay be used for the dispersed
phase. Exenplary polar solvents besides water include acetic acid, formc
aci d, nethanol, ethanol, n- propanol, n-butanol, isopropanol, acetone,
acetonitrile, Ii' et Métﬁémc%mn% arﬁ‘%m/dte hakd QPHaQ@@or@ﬁlﬂmgﬁt)ét WageisiHer eof .
It should be appreciate that the lNsts of materials provided hereln are
meant to be exappdying e elesningtsolutionthaving @@iilﬂssl]sedklplhhf@ughcanhauqmselslmat and

i nvention_has been described in the cqontext o e in contam nants from
" sem conBEEIes SRS Wi b R AR Gt APBRG! ous! 3

descri bed pri nfdrahg%n@efdtﬁeep%ﬂwlaqﬁ@e?sfedtmﬁmpﬂr%%%ﬂimddag%ﬁ&ge%oﬁaﬁte% o%eual ly
applied to 22 cleaning surfaces other than sem conductor wafers.

exanpl e, ohéhepsesant conWarmanten tieaforcing mﬂﬁdemtotocbeanoramangqmpphmﬂtfomf ace
used in sen conduct or uri ng, wherein anybﬁFgW]p nt surface refers

ct
to any suP$t¥eent &tartafée%w § ISP LIRS 3 b e pashclesadthe
e. 9., shaggs,@ahé svﬁﬁﬂ%%ox‘ﬁ’aﬁ%aﬁ&e&r%ﬁ@gcd-ﬁﬂﬁ present invention can al so be

used in other nol ogy areas wh contamination renoval is inportant.
For exanple, t mmqomw drt engapse phitioke a@h sinéace sedtanonane foyve tbo Rtdimienatt thon on
parts used. in the space program or other high technol ogy areas such as
surface s@#ﬁﬁ% energy, optics, mcroelectronics, MEMS, flat-panel

pr ocessi ng, sol ar cells, menory devices, etc. It should be understood that
the aforenentioned |isting of exenplary areas where the present invention
may be used 8. notTh@hﬁmmmibﬂakdmepnasﬂﬁhtmmnﬁﬂmﬂmgmm&ombﬁﬁhdggoneofﬂm

Furthernore, jt should be appreciated that the wafer as use in tﬁg
exenpl ar yPHHEKS | ﬁtsi’fii??dhé’flgl‘% @Snc%‘@‘“&@ﬁ%r%a?ezéﬂmflg‘aﬁﬁ? e%%‘-’nt thes gWEacs) | y

any ot her 1 h as a substrate, a part, a panel, etc. [0059]
Wil e thlgéﬁﬁeg%#§gﬁ:ﬁ%§ been described in terns of several enbodi nents, it

wll be thinning a film defined within the continuous phase.

3. The method of claim 2, wherein the film is between a fluid/fluid interface
between the dispersed phase and the continuous phase and a fluid/solid interface between

the continuous phase and the surface contaminants.

4. The method of claim 1, wherein the particles are one of aggregates of

surfactant molecules or assemblies of surfactant molecules.

3. The method of claim 1, wherein the forcing is provided by the dispersed
phase.

6. The method of claim 1, wherein the dispersed phase is one of a liquid or a

gas.




appreci ated that those skilled in the apj upon reading the preceding
specifications and studying the drawings will realize various alterations,
additions, pernutations and equivalents thereof. Therefore, it is intended
that the present invention includes all such alterations, additions,

per mut ati ons, d egHi.V . fal 1.5 0 e ue spi r-i.t and_scope of
t he invention.a?n tﬁgbéﬁgﬁﬁéﬁfg@%ﬁgh#?&%ﬁg%BPk§F£QQW?8°ﬁ6?f@ﬁ5¥9m§H§%w
parti cul arpaeticder dispersedewithinOthe WohBmsoueXphdsei ployinsdi@t ®d oh® sthenslsatse 23
What is clainmed is: 1. A method for cleaning a substrate having surface
cont ani narfe8tamipAntt ingludes.  appl ying a cl eaning sol uti on having a di spersed

ont & U i a cleaning sol ution having a d
phase to a sur facatmif BREORE P Bl 37 e BRE AT bl G bet of B e sea

wi t hi n t hecaitihdgigQus phase proximate to one of the surface contam nants,
the forcing sufficient to overcone any repul sive forces between the
particles and the surface contam nants so that the one of the particles and
the one of the surface contam nants are engaged; and renoving the engaged

particle and su.faceThzontthod BaBLaithr4 Michen S fudketaaf mblegules uRSbhidbEfrody The
met hod of claim 1, wherein the nethod operation of forcing one of the

particl es A SEE¥&SEAd-wi t hi n t he continuous phase proximate to one of the
surface contam nants includes, thinning a filmdefined within the
continuous phase. 3. The nethod of claim2, wherein the filmis between a

fluid/fluid interfacke bethogasd diiith 8 wREkRL thePRaBtad tholdfles A LA YOHSePhase
and a fluid/solid interface between the continuous phase and the surface

cont am narfegn ofian quganigeeidod of claim 1, wherein the particles are one of
aggregates of surfactant nol ecul es or assenblies of surfactant nol ecul es.
5. The method of claim11l, wherein the forcing is provided by the dispersed

lphaS ?a 6. The nmt hodriefmethadl B dlai0ehaER M LAt BRELS B8 (HRN@FEcthdt ANEAEs @
iquid or a o
is selected from a group consisting of carbonic, sulfonic, and phosphonic moieties.

11.  The method of claim 1, wherein the continuous phase includes a polar

solvent.

12. The method of claim 1, wherein the method operation of removing the
engaged particle and surface contaminant from the surface of the substrate includes,
rinsing the surface of the substrate with a rinsing agent; and

applying a vacuum to collect rinsing agent from the surface of the substrate,
13.  The method of claim 1, wherein the dispersed phase and the continuous
phase are liquids, the dispersed phase liquid being immiscible with the continuous phase

liquid.

14. The method of claim 13, wherein the continuous phase is aqueous based

and the dispersed phase is non-aqueous based.

15. The method of claim 13, further comprising:




gas. ‘24 7. The nmethod of claim1, wherein the nethod operation of forcing
one of the particles dispersed within ©25e continuous phase proxi mate to one
of the surface contam nants includes, deform ng the one of the particles
to partially wap around the one of the surface contam nants. 8. The

met hod of claim4, wherein the surfactant nol ecul es are ionized from an
organi ¢ acid. cﬁmva'dtieg nhe hiisheaded cplaisen [Rpuidwhereidispélsal phindeagisafdilowshechd es
are an ioni (% f an or‘ganlc acid. 10. The method of claim9, wherein
an aci d P ‘ES‘F%‘fO %"ﬁ’l‘?ga%’(l 0 kst egplsrats. s sel ected froma group

consi sting of carbonic, sulfonic, and phosphonic noieties. 11. The nethod
of claim1, wherein the continuous phase includes a polar solvent. 12. The

met hod of claim.1, Teemeihodtdfeclairi hfidwigreihahé aietlafd spimionnef ddeertiaparged
particle (ﬁnd surface _caontam nant fromthe surface of the substrate

i ncl udes, 9PReEEARhab BQwd tp acdispsrsediRhasg, gast ollpwing the agpliqatien 9§ thegdpamingind
lyi t f th f f th
appl yi nges_%lﬁfg’?‘%{hﬁé@ﬁ%ﬂéﬁegﬁdhfi&?' ng agen romthe surface o e

substr at arm 1, wherein the dispersed phase and the
continuous phadeciag &plcsauid egperiehaddiyahecisadnpbasgon. i qui d being i nmiscible
with the continuous phase liquid. 14. The nmethod of claim 13, wherein the
conti nuous phase is aqueous based and the dispersed phase is non-aqueous
based. 15. The nmethod of claim 13, further conprising: 25 converting the
di spersed phask/.li ﬁbn’: mdtfmchoﬂb]aperﬁed\/mkeam@hegmtﬁodldpewitimg dtheonagping ahd i on
of the cleanin over, the s stratfe Lhe met hod of cl aim 15,
wherei n tHeP seo %lillattp A 1§ﬁer§§grﬂli'@1sq E¥yg oll Hgmg the application of the cleaning
solution over the substrate includes,

increasing a temperature experienced by the cleaning solution.

18.  The method of claim 14 wherein the dispersed phase includes a plurality of

different immiscible Hquid types.

19. A cleaning solution for cleaning a semiconductor substrate prepared by a
process comprising method operations of:

adding a fatty acid to water;

heating the fatty acid/water solution to a temperature above a melting point
temperature of the fatty acid;

stirring the mixture to one of disperse or emulsify the fatty acid within the solution;

ionizing the fatty acid within the solution; and

cooling the ionized fatty acid solution below the melting point temperature of the

fatty acid.

20.  The cleaning solution of claim 19, further comprising:

solidifying the ionized fatty acid.

21.  The cleaning soluation of claim 20, wherein the solidifying occurs over a 10

hour period.




di spersed phase liquid to a dispersed phase gas follow ng the application
of the cleaning solution over the subfbrate includes, reducing a pressure
experienced by the cleaning solution. 17. The nmethod of claim 15, wherein
t he net hod operation of converting the dispersed phase liquid to a

di spersed phase gas follow ng the application of the cleaning solution
over the substrate includes, increasing a tenperature experienced by the

cl eani ng sol utéé;n. 8. The net hod (%f cl 4 wher ei e di spersed .phase
i ncl udes a pl | i t@h gleanifg solytiqn, o 8“?‘} Gt ratipg of Jonizipg ni ng
solutlon159@Hahgﬁpwﬁ&nqhégﬁhﬁgngggh substrate prepared by a process

conpri sing method operations of: ing a fatty acid to water; heating the

fatty aci d/ wat aidirgod brse cnthe@ne of éllspm@imrremmﬁe/cm(ﬂutrmi ting point
tenperature of the fatty acid; stirring the mxture to one of disperse or
enul sify the fatty acid within the solution; ionizing the fatty acid

wi thin the sola i onphapdaGe g'sbmaoﬁ B?claﬁﬂ'l@gvﬁeg%ﬁ %@E@ﬁgk&i&h&%ﬁﬁlﬂv the

nel ting point tenperature the fatty aci ni ng sol ution of
cl ai m 19, about §.h€ér toabmur 108h by weighobf die ffatiyngid. he i oni zed fatty acid. 21. The
cl eaning solution of claim20, wherein the solidifying occurs over a 10

hour period. 26 22. The cleaning solution of claim20, wherein the method

operation of i zi (g cibind torPl Al 191 IR (OGO ik SEhIRSy LAYCI N0

a base to the one d| sper or el ution ani ng

sol uti on thé mellmgwpolﬂ tem/paheurmmme:legf&a@eisg;ssol ution includes about 0.1%to
about 10% by wei ght of the fatty acid. 24. The cleaning solution of claim
19, wherein the fatty acid is stearic acid and

25.  The cleaning solution of claim 20, wherein the method operation of
solidifying the ionized fatty acid inclu&es,
forming solid particles having a size between about 50 nanometers and

about 5000 micrometers.

26. A cleaning solution for cleaning a substrate prepared by a process
comprising method operations of:

preparing a particle size distribution of a fatty acid to within a specified particle
size distribution range;

adding the fatty acid to water;

agitating the fatty acid water mixture; and

ionizing the fatty acid in the dispersed solution.

27.  The cleaning solution of claim 26, wherein the method operation of
preparing a particle size distribution of a fatty acid to within a specified particle size
distribution range includes,

milling the fatty acid.

28.  The cleaning solution of claim 26, wherein the specified particle size

distribution is between about 50 nanometers and about 5000 micrometers.




the nelting point tenperature is 70 degrges Cel sius. 25. The cl eaning
solution of claim20, wherein the net ho& operation of solidifying the
ionized fatty acid includes, formng solid particles having a size between
about 50 nanoneters and about 5000 m croneters. 26. A cleaning solution

for cleaning a substHat - .0r S. . [isi .hod ,
operations of: %epaﬁ@nﬁeﬁqﬁﬁlﬁgﬁr}ég@ﬁ%@ gt’iig\?lﬁr lﬁﬁrg;ﬁeﬁpagp%{l?wog%qd&lgt o]

w thin a shecitfyi®ill avdtérdhelud&| ze distribution range; adding the fatty acid
to water; agitating the fatty acid water m xture; and ionizing the fatty
acid in the di spelfiggthedaltviesidn. 27. The cl eaning solution of claim 26,
wherein the nethod operation of preparing a particle size distribution of
a fatty acid to within a specified particle size distribution range

i ncludes, i |13t hehd @édningd@islionds claH@oc M6} itk | on of cl aim 26,
wherein the specified particle size distribution i's between about 50

nanonet ers and <iobng ttedewy adid trothe iapstse@ Foludsh to Bnigit éampangusol ut i on of
claim 26, wherein the nmethod operation of adding the fatty acid to water
includes, nelting the fatty acid. 30. The cleaning solution of claim?29,

further comprising: ARALERGh PeudRlINIAGI %, Mirbheliragssed sol ution to
I I |0t |

th :
anbi ent tenperature. 31. The cleaning solution of claim 26, further
conprising: sodolidiffpg tige fiatip afidtover ath bowperiod 10 hour period. 32. The
cl eaning solution of claim26, wherein the nethod operation of ionizing
the dispersed fatty acid in the solution includes, adding a base to the

fatty acid/ wat efp solHd QBuning solution of claim 26, wherein the method operation of ionizing
the dispersed fatty acid in the solution includes,

adding a base to the fatty acid/water solution.

33. The cleaning solution of claim 26, wherein the cleaning solution includes

about (.1% to about 10% by weight of the fatty acid.

34.  The cleaning solution of claim 26, wherein the fatty acid is one of a

saturated fatty acid or an unsaturated fatty acid.

35. The cleaning solution of claim 26, wherein the fatty acid is selected form a
group consisting of lauric, palmitic, stearic, oleic, linoleic, linolenic, arachidonic, gadoleic,
eurcic, butyric, caproic, caprylic, myristic, margaric, behenic, lignoseric, myristoleic,
palmitoleic, nervanic, parinaric, timnodonic, brassic, clupanodonic acid and mixtures

thereof.

36.  The cleaning solution of claim 31, wherein the base is selected from a group
consisting of ammonium hydioxide (NH4OH), sodium hydroxide (NaOH), potassium
hydroxide (KOH), and tetramethyl ammonium hydroxide (TMAH)..

37.  The cleaning solution of claim 26, wherein the method operation of ionizing

the fatty acid in the dispersed solution includes,




33. The cleaning solution of claim26, wierein the cleaning solution

i ncludes about 0.1%to about 10% by weight of the fatty acid. 34. The
cl eaning solution of claim26, wherein the fatty acid is one of a
saturated fatty acid or an unsaturated fatty acid. 35. The cl eaning
solution of claj redn tl t cld i | ect f.orm [
consi sting of ?%cﬂirlsl%glg %@ﬁm&t t:ﬂg,d}%)tegsg%lisﬁu%o}]gi) (?,%Hgﬁﬁjr?gﬁé?%? P Eh Cn?‘.{f’a%t
ar achi doni gpregadai @i of aboeiubout 50% diskbdistioncapr oi ¢, caprylic, nyristic,
margari c, behenic, lignoseric, nyristoleic, palmtoleic, nervanic,
parinaric, timodonic, brassic, clupanodonic acid and m xtures thereof.

36. The cl eaning, soluMtion of cl.ai.m 3 wherein t.he base is .sel ected,froma
group consisti %Sg of'tl}téén%%%l}l%s I%?Ib%élg%m( ﬁlﬁﬂ%‘?nglb%faa%aﬁ df 85??%3?1 ,
pot assi um tha i i@%bsie 10KOH) , and tetranethyl anmmoni um hydroxide (TMAH). 37.

The cl eaning solution of claim26, wherein the nethod operation of ionizing
the fatty acid in the dispersed solution includes, 28 adjusting a pH of

t he di spersed sgluti t.0 _correspond. taq i.oni zati on.const ant
representative %é ab E%Clﬁ%% S‘gﬁg/?)“d‘%sci%ma& if'ﬁﬁl.er%%@%'cl eani ng sol ution
of claim37, whgi®hddisPersiidihdle@fibdid ﬁl_esita&gfabig witbidnifdre toSispbhd thedBRY!
10. 2. 39. The cl eaning solution of claim?2b, further conprising: adding
di sper sant andpatioles s the war. fatty-acid water m xture to suspend the fatty
acid particles in the water.




