1 METHOD FOR REMOVI NG CONTAM NATI ON FROM A  SUBSTRATE AND FOR MAKI NG A
CLEANI NG SOLUTI ON BACKGROUND [0001] In the fabrication of sem conductor
devi ces such as integrated circuits, nenory 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 nulti-level structures defined, on a silicon
substrate. At a substrate level, transistor devices with diffusion regions
are formed. In subsequent |levels, interconnect netallization I|ines are
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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 contami nation rmay include process gases, chem cals,
deposition materials, and liquids, anong others. The various contam nants
may deposit on the wafer surface in particulate form If the particulate
contam nation is not renoved, the devices within the vicinity of the quite

difficult. contam nation will likely be inoperable. Thus, it is necessary
to clean contam nation fromthe maé@ﬁﬂéﬂRO&Eﬁ)in a substantially conplete
manner w t hout damaging the features defined on the wafer. The size of
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waf er can be [0003] nventional wafer cleanln nmet hods have relied
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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
patticulate contamination is not removed, the devices within the vicinity of the quite
difficult.  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. The size of particulate contamination is ofien
on the order of the critical dirnension size of features fabricated on the wafer. Removal of
such small particulate contamination without adversely affecting the features on the wafer

can be

[0003] Conventional wafer cleaning methods have relied heavily on mechanical force to
remove particulate contamination from the wafer surface. As feature sizes continue to

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



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

i npacted by a sufficient nmechanical force. 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 danmage.
Particul ate contam nation of sufficiently small size can find its way into
difficult to reach areas on the wafer surface, such as in a trench
surrounded by high aspect ratio features or bridging of conductive lines,
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overcone any repul sive forces between the particles and the surface
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cont anm na re ed. The nethod also includes renoving the engaged
particle %#%ngﬁﬁ?gggﬁ%bntaninant fromthe surface of the substrate. [0006]
I n anot her enbodi nent, a cleaning solution for cleaning a sem conduct or
substrate prepared by a process is éiﬂﬂﬂﬂﬁﬁ! The process includes adding a

fatty acig ter and, heating the fatty acid/ water solutipon to.a
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cleaning technique and cleaning solution. It should be appreciated that the present
invention 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 includes forcing one of the particles dispersed within the
conttnuous phase proximate to onc 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 {rom 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 acid in aqueous 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 enbodinment, a cleandng solution for cleaning a
substrate prepared by a process is provided. The process includes
preparing a particle size distribution of a fatty acid to within a
specified particle size distribution range and adding the fatty acid to
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apparent fromthe follow ng detailed description, taken in cohjunction
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how t he cleaning material functions to renove the contam nant fromthe
waf er, in ayderidmgdhe {ttyicshia teeyddiiorent of the present invention. [0013]
Figure 3 is an illustration showing a flowhart of a nethod for renoving
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following detailed description, taken in conjunction with the accompanying drawings,

illustrating by 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.

[0012] 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

nvention.



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

enbodi ment of the invention. [0015] Figurg 5 is a sinplified schematic
diagramillustrating an aggregate of surfactant nolecules which may form
the solid particles described herein, in accordance with one enbodi nent of
the invention. [0016] Figure 6A is a sinplified schematic diagramof a top
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provided. Solid particles are dissem nated throughout the continuous

phase. As used herein, the dispersed phase refers to either gas bubbles

di spersed throughout the cont iABJAILERAIESCRIBIIONy t h reference to a foam
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di spersed phase provides a vehicle to bring the solid particles proxinate
one skilled in the art that the present invention may be practiced without some or all of

these specific details. In other instances, well known process operations have not been

described in detail in order not to unnecessarily obscure the present invention.

{0019] The embodiments described herein provide for a cleaning technique that eliminates
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 particies) 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 contaminant. 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 wth one enbodi nent of the present invention. The cleaning
material 101 of the present invention includes a continuous |iquid nmedium
107, solid conponents 109, and inmiscible conponents 111. The solid
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possess physical properties representi ng essentially any sub-state wt
t he sol i d guiaembingitien of multie gadcs dnphipseliqueds, and multiple solids.

[0021] It should be appreciated that the immiscible components 111 are immiscible with
respect to 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. TFor 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 plasticity can vary anong different
types of solid conponents 109 within the cleaning material 101.
Additionally, it should be understood th in various enbodi ments the
solid conponents 109 can be defined as crystalline solids or
non-crystalline solids. Regardless of their particul ar physical
properties, the solid conponents 109 within the 6 cleaning material 101
shoul d be f c h n
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surface fuestioopab lPY andhiie contisiieantgil8per si on throughout the 1iquid nmedi um
107. For solid conponents 109 that do not have surface functionality that
enabl es di[802F]sTtensdlidr amgluoehtst IS ithin tle nbdintiy hAiérialc bemsicalld bdicapaisant s
may be added to the |iquid nmedium 107 to enabl e dispersion of the solid
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compaonents 109. Depending on their specific chemical characteristics and their interaction
with the surrounding 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 specifically 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 cxemplary 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 its

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 conponents 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 incl ude
aliphatic acids, carboxylic acids, paraffin, wax, polyners, polystyrene,
polypeptides and other visco-elastic materials. The solid conponent 109
mat eri al t, . at e n t e [
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nitrile, nitro, nitroso, pyridyl, carboxyl, peroxy, aldehyde, ketone, primary imine, secondary

imine, ether, ester, halogen, isocyanate, isothiocyanate, phenyl, benzyl, phosphodiester,

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 (o 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



may be required to enable a particular type of solid conponent 109, such as
a fatty acid, to disperse throughout the liquid nmedium 107. For exanple, a
base can be added to the liquid nedium 107 to enabl e suspension of solid
conmponents 109 forned frommaterials suchgas carboxylic acid or stearic
acid that are present in less than stoichionetric quantities. In one

enbodi nent, the base is Amoni um Hydroxi de, however, any commercially
avai l abl e base nmay be used with the enbodi nents descri bed herein.
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enbodi mntcorﬁtﬂﬁalﬁﬁlsthg}élapl & o Embodiment having the immiscible components 111 defined

in the gas phase, the immiscible components 111 are defined as gas bubbles dispersed
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 inett, e.g.,

Ny, Ar, etc., or reactive, ¢.g., Oz, O3, H20,, 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 rmmiscible 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 meodifiers may be used as a reactive liquid for defining the

tmmiscible components 111.



defined to occupy 5% to 99.9% of the cleaning material 101 by volune. In
anot her enbodi nent, the gas bubbles are defined to occupy 50%to 95% of
the cleaning material 101 by weight. The gas defining the inmscible
conponents 111 can be either inert, e.g.,9 N2, At, etc., or reactive, e.g.,
02, 03, H202, air, H2, NH3, HF, etc. [0029] In the enbodi nent having the

i mm sci bl e conponents 111 defined in the liquid phase, the inm scible
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the present invention. It should be understood that the cleaning material 101 depicted in

Figures 2A-2B possesses the same characteristics 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
immuscible 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.



the present invention. It should be understood that the cleaning material
101 depicted in Figures 2A-2B possesses the sane characteristics as

previ ously described with respect to Figure 1. As shown in Figure 2A,
within the liquid nedium 107 of the cleapng material 101, the solid
conponent 109 is interposed between the contam nant 103 and the inmm scible
conponent 111. The inm scible conponent 111 within the liquid nmedium 107,
whet her gas bubbl es or quuid dropl ets, has an associ ated surface tension.
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proximty kf et cpppopeiyis as eppgsgd to all the same component us, the cleaning so ution is
capable of being designed for a specific purpose, i.c., targeting a specific contaminant, or
the cleaning solution can have a broad spectrum of contaminant targets where multiple

solid components are provided.

[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



conponent 109. It should al so be appreciated that one solid conmponent 109
may cone in contact with or interact wwth nore than one contam nant 103,
either in a sinultaneous manner or in a sequential manner. Furthernore,
solid conponent 109 may be a m xture of gifferent conponents as opposed to
all the same conponent. Thus, the cleani% solution is capable of being

designed for a specific purpose, i.e., targeting a specific contam nant, or
t he cl eani ng sol uti on can have a broad spectrum of contaninant targets
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waf er 105. [0034] Deformation of the solid conmponent 109 due to inprinting
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creating a | Ing nechanism Additionally, as the contamnant 103 iIs

pressed i ntrohdrie dohi thecompanennt 109, If the solid component 109 is softer than the
contaminant 103, greater deformation of the solid component 109 is likely to occur during
the collision, resulting in less transfer of kinetic energy for dislodging the contaminant 103
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
contarminant 103 may be stronger. Conversely, if the solid component 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
distodge 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



a vacuum force can be established to resist renoval of the contam nant 103
fromthe solid conponent 109. [0035] In another enbodi nent, energy
transferred fromthe solid conmponent 109 to the contanm nant 103 t hrough
direct or indirect contact may cause thejgontam nant 103 to be disl odged
fromthe wafer 105. In this enbodi ment, the solid conponent 109 may be
softer or harder than the contam nant 103. |If the solid conponent 109 is
softer than the contam nant 103, greater defornmation of the solid
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contam nant 103 can be brought into close enou
surface charge reversal relative to the other resulting in electrostatic attraction.

[0038] 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. 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



proximty, the electrostatic repulsion there between can be overcone

t hrough van der Wals attraction. The force applied by the inmm scible
conponent 111 to the solid conponent 109 may be sufficient to overcone the
el ectrostatic repul sion such that van der, Waals attractive forces are
establ i shed between the solid conponent i 9 and the contam nant 103.
Further details of this enbodinent, are provided with reference to Figure
4. Additionally, in another enbodinent, the pH of the liquid nedium 107 can
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crystalline solids. In anot ment, the solid conponents are “defi ned
as non-  immiscible components can be represented as a combination of gas bubbles and

immiscible liquid droplets within the liquid medium.

[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
seltled 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 yet another enbodinent, the solid conponents are
represented as a conbination of crystalline and non-crystalline solids.
Additionally, in various enbodinents, the |iquid nediumcan be either
agueous or non-aqueous. [0040] The methog,al so includes an operation 303
for applying a force to a solid conponent to bring the solid conponent
wthin proximty to a contam nant present on the substrate, such that an
interaction is established between the solid conponent and the
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to enhance nd® conrimrrr]ﬁchflo the contaminant, the temperature is lowered to make the sohd

component less malleable to better hold its conformal shape relative to the 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 component
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



the solid conponents 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 established by adhesive forces,
collision forces, attractive forces, or conmbi nation thereof. Al so, in
one enbodi nent, the nethod can include an operation for nodifying a

chem stry of the liquid nediumto enhance interaction between the solid
conponent and the contam nant. For exanple the pH of the Iiquid nedium can
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the substrate such that the conta ant Uhat i nt eract ed
conponent electrostatic repulsion becomes significant when two parttcles/colloxds approach each other

and their double layers begin to interfere. Energy is required to overcome this repulsion.
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 if
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



is removed fromthe substrate. In one enbodi nent, the nmethod includes an
operation for 15 controlling a flowrate of the cleaning naterial over the
substrate to control or enhance novenent of the solid conponent and/or
contam nant away fromthe substrate. The,.method of the present invention
for renoving contam nation froma substra?e can be inplenented in many
different ways so long as there is a neans for applying a force to the
solid conponents of the cleaning material such that the solid conponents

establish agg iy t.am e..rem [ 0046
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particle/colloid. The effect is additive; that is, one nolecule of the
first partitltioaf conicdimenae devarncnuwn. WAxpisally theapgaresate/essembly ploswtagiast i n
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attracti ve.@nahgyolamwmdéﬂ&csxswu,s@dwu@e,lermdl @a;b%ktl!&e iMand ativall dpprcvaite der
the aggregate/assembly of surfactant molecules may also be referred to a micelle. Micelles
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. [n 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



Walls force with di stance between the particles. At each distance on the X
axis the smaller value is subtracted fromthe |arger value to get the net
energy. The net value is then plotted, above if repul sive and below if
attractive, and a curve is formed. If thefe is a repulsive section, then
t he point of maxi numrepul sive energy is called the energy barrier 16 4009.
The hei ght of energy barrier 409 indicates how stable the systemis. In
order to agglonerate, two particles on a collision course nust have
sufficient i
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chem cal s that contain both hydrophobic groups, e.g. |ong hydrocarbon

chai ns, and hydrophilic groups, e.g., ionic or polar groups. Thus, in an
aqueous or other polar solvent, the core 501 of the mcelle consists of the
hydr ophobi ¢ portion of the nol ecules, while the hydrophilic portions 503
remain on the surface of the nolecule so that they can nmaintain favorable
contact with water. In the case of igQRIAQpiE 1

[0050] Water is heated to above 70 degrees Celsius (the melting point of Stearic acid).
Solid Stearic acid (about 0.1% 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 plt 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 (NH,OH). The concentration of
the NH4OH can range between 0.25% and 10% by weight. The stearic acid/water/NH4OH
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 mixture but it is not
necessary. The size distribution of these precipitate particles (solid components) is

between about 50 nanometers and 5000 micrometers.



surfactants, in one enbodinment, the electric charge of the ionic heads is
neutralized by the oppositely charged ions (counter ions) located in the
| ayer around the mcelle, to fulfill the <condition of electroneutrality.
In an alternate enbodi nent, where a non-pgl ar solvent is wused in the
conti nuous phase, the hydrophilic groups will formthe core of the mcelle,
and the hydrophobic groups remain on the surface of the mcelle, i.e. a
reverse mcelle. Thus, in one enbodinent, the mcelle 109 represents an
aggl oner ati on/ assenbly of surface- active nol ecules that may function as
the solid conponents 109. O course, it shoul d be 17 wunderstood that this
i's just one exenplary enbodi ment and §A?%%Zd conponents may be forned
t hrough ot her techni ques nenti oned above 9] Described bel ow are
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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 agitated 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. Ionization of the stearic acid can be initiated by adding a base to bring the pH up

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



to the solution to bring the pH up is amoni um hydroxide (N -14CH). The
concentration of the NH4OH can range between 0. 25% and 10% by wei ght. The
stearic acid/water/ NHAOH mxture is stirred for an additional 20 m nutes
to forma honpgeneous solution. The sol ug on cools to anbient and sits for
10 hours and over tine a precipitate fornms, i.e., the solid conponents.
During stirring, air can be entrained into the mxture but it is not
necessary. The size distribution of these precipitate particles (solid
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di stri buti RWeew&dfodtyoutizt, 5 and about 5000 microneters. Any
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sol i ds cancibifigRaestodMes the drying capability and may utilize an inert gas, such as Nitrogen
and/or a low vapor pressure liquid such as isopropyl alcohol (IPA). It should be
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 rotale 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
wafer 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 6035 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



filtration or centrifugation. 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 beconmes suspended in solution with the
size distribution in the range between 0,85 and 5,000 microns. Ionization
of the stearic acid can be initiated by adding a base to bring the pH up

to 10.2 or higher. An exenplary base added to the solution to bring the pl4
up is 19 ammoni um hydroxi de (NH4OH). The concentration of the NH4ACH can

range betwegn ,150. tgg>(8\§39a]rxqg{?i&)és%'d%hsseg%ﬁg 1o %H&rf&egéd' %pﬂ %tsotrﬁfll)%lg\!veg

schemati c di agram atop viewo stemftor ¢

accor dancemwi¢ letaiie Antiaeit mantandfor tha mawﬁntme@toﬁuhﬁﬁfeﬁﬁ G0:1e npxias whiled
i near direction toward the cleaning head. The cl eaning head inc udes a
portion 60§%Ugﬁnpﬁg@P@d6$omﬁrHvﬁﬁﬁﬁghwﬁéléﬁﬁ@ﬁg“S@lQ@ﬂ&ﬁndm%OMéé@ﬂwﬁedhe

above, t he b&ﬁH{eHQtrﬁ@J t&%éxqgh(fgg% flPtﬁ%a'an &mlgla; (FI"&IO éelﬁ lnfg%g} Plie il ge?r[y | sion.

I n one enb |nent eani ng so Ver &y are voir,
pres i zed, the

whi ch ma not be surized. he reservoir u
cl eani ngys@*)égf b r?QSJ/“IBE Hﬁa%%*oanab%v@r?oﬁqum%y a"dIPS'érﬁl‘ﬁ'Pl 8p %Ybséfﬁlﬁ@“
delivered f@the &h%%m tta%ﬁ@xeMB%fﬁs;st@n HES SV the %Qof’atgﬁteﬁé%h gao the

cleaning solution may be punped delivered through ot her comonly
means. In mm@ﬂh@nIkﬁnmbdrﬁeﬂﬂOZamdenmmmdoNanyAhe PebiverediEostioe Siveani ng

head from off-Ilne reservoir. Por i.on 605 includes a rinse chemstry
such as de M(‘ibh*}\f%’r Eoracdifes m%ﬂi@a%?fhaltéﬁ'é%ﬂeg&theafﬁwmty

used for tkﬁ'h%dp?éf&ﬂcﬁéé' & @p%a&%l myﬂé}awpro@i%%e&bem &éssl%adﬁﬁ grgaﬁ.s.

provi des the drying capability an Zze an’inert gas, suc
Ni t rogen RetelltdNo.a6,bdtv/ Vapiesucpras Septembej 206uaid astid<iofivispydDalkaoholrer

IPA). It should b ted that porg 605 and 607, which
[ ocal ed dNRSDABEIE SR ASEChEH g FBGKEN G 603 or Ao B oBP HE Poeey

provi de a ,gleani AgeARA SGUBe ngﬂle%ythp%ﬁ&?har?rn%ﬁ%g yas%ga&aagmhegﬁd Epned

by the assignee and further scribed 1n cross referenced applications
i sted belApplic@nen siKol 18430848 hdiled tonmilDdcemppr @dl 062t lat catibted r'atevnis@G]
may rotatqﬁgnd/or rotate and nove linearly. Alternatively, the cleaning

head may Ny sdﬁ?%r§P€n§b§4W%¢@%Pthgbkﬁﬁ@PP%ﬁé“P§n§W8Fﬁ@ﬁé&VwBWChIso

movi ng. | RejaincANALNGS \Aﬁlaﬁmg’%@e%mﬂ h6.C6 8881558 [TB%aP& BELLEF 7B 2b85 And

cl eani ng conpartnent where a sin
entitied "METHODS AND SYSTEMS FOR PROCESSING A SUBSTRATE USING A
DYNAMIC LIQUID MENISCUS," and U.S. Patent No. 6,998,326, issued on January 24,
2005 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 those 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



wafer is deposited and the cleaning solution is applied. In still yet

anot her enbodi nent, a tool providing sequential conpartnents for each of
portion 603, 605, and 607 may be provided. In another enbodi nent, the

cl eani ng head may include two portions 693 for cleaning solution with
portion 605 sandwi ched in between the two portions 603. Thus, nunerous
configurations are available for the functionality described herein. [0054]
Figure 6B is a side view of the cleaning head of Figure 6A. Ceaning fluid
is suppli rti . b . o D I . her.
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di scussed in the cross-referenced application belowin nore detail. An

i nert gas RpcEbanpgomapangs alsdiofusnporiersn pegieneHE-aYlghai TREsililen esol vent

Fi gures 6A 6 re illustrated with r ect to a sem conductor _

subst r at o MGG S5 b AHEHELC LU et o IR 55 obfiaf BETRaE BPLEG s ertacas
cell's, menmjrdnelevoct@r, @b8ecant,005]ctii@butastdi tHeRBddcahd)f QFidBEAneN phivatecite
proxi mty vapor clean and dry system reference can be nmade to an
exenplary<§V§Wéﬁ$ﬂ@éb%ﬂﬁédmﬂwkﬁh@ﬂ@JSﬂOPwmen@ﬁmohmegmeﬁxﬁm@ﬂxﬁﬂsmaé@Cbﬁs
Decenber 3, ,200 d,entitled "CAPI LLARY PROXI M.TY S FOR SILNGLE FER
O BANI NG ARSNGB SR s Heoraied i TRE Giraed MO PBSHEcS Ce 112
proxi mty difeatibehediRl enoe-GatRabimase,t MnidBraf X §iRLsar ¥erBSiRX! MobMtyRAseneasS
described in the U S. Patent No. 6,616,772, issued on Septenber "9, 2003
and enti t | edhyNETHODSFCRWLRER:, |RROXE MPRY COLEANFNG ANBDRY] iEs in¢tade, but
addi tional infornmati,on about top and bottom ni sci,, reference can be de
£0"the exefbPar YIMH; Sc ASits Mg GCRas oG Be Xty REATRp TRt ORI NE
10/ 330, 843pixhibe6: meseiheterad, 2002 and entitled "MEN SCUS, VACUUM | PA
VAPOR, DRYI NG MANI FOLD. " For additional information about nenisci,

2008 and Lot DTS et RER AR AT s bl LRI 6 o

DYNAM C LIcQuipdst/ENNbSBCtmpoumidel thhtSarePadtesinsired p@@ 8336, hidssusetsbnofandinuar y
24, 2005 and entitled "PHOBI C BARRI ER. MENI SCUS SEPARATI ON AND ]
CONTAI NVENPIMPOpudss sSHch s slencs o ithedip inglede Epaatipd deioncsng e aieicRtotisthyhase

or di sper %{%{btncpg‘?eﬁ%/] ethyl ketone and the like, alcohols, which include fluorinated alcohols,

esters, which include fluorinated esters, fluorinated and non-fluorinated carbonate-based

compounds, such as propylenc carbonate and the like, ethers, which include 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

herein are meant to be exemplary and not himiting.

[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



i ncl udes those conpounds that are considered part of the hydrocarbon
famly. Hydrocarbon conpounds are those conpounds that conprise carbon and
hydrogen. It should be understood that a najority of hydrocarbon conpounds
are non-polar, and therefore |ess polar #han water; however, there are a

f ew hydrocarbon conpounds that could be considered to be as polar or nore
pol ar than water. Hydrocarbon conpounds are generally broken down into
three classes:  aliphatic, cgcl ic and aromatic. Aliphatic hydrocarbon
conpounds KHANEEMAYFlieE dltrihan seaigendueteaiviiasnfs saaspinthe coesonuindentiontran

are branch sibly cross-1linked however, aliphatic hydrocarbon
conpounds %gruggg%g?ag%ln%yfg}lg)&m& llu?‘i:c.e ”é?f@i"i %?HHW&}EQEB’@HU@S%BEHH ey
those conpeytigmehhadrface GBRFY ®LarAl suRBS thdt I BEEARARRNAT COBRNIANLS Hilhkh
ring structure with properties simlar to aliphatic hydrocarbon conpounds.
Aromat i ¢ hydfacagbeharsohiveprcs vathethe mode. dhoposacisndntionlvat alsobpuisin other
generally three or nore unsaturated bonds wjth a single ring o | tiple
rings att SCHBHOBY A4°% SHifSh Csawaﬂ%@pomﬂym DI 4R TGSl StnBiFsent
Cont enpl at gflenfiyd o #EARRA QQWHW@O%Q&&%@%M&' fCusc ylhecﬂg ’sp&'eiﬁ{'h@'ﬂﬁr, or

m xyl ene, nmesityl ene, solvent naphtha H, solvent naphtha A " al kangs, 'such
as pent anegottitexage (cdhaolvgy amress hept aneufamonasee, endraneoptitadedamelcctronics,
2- met hyl bu e exadecane, tridecane, pentadecane, cyclopentane,
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ker osi ne, issebuttyhdeinpeagesenmet mdlusaghlifialge frtheiniotk Hiokturild be hpgeahne that
Particularly contenpl ated sol vents include, but are not limted to,
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t . L
equivalernts thereo erefore, 1t 18 mtengede g\at the present invention includes all such
alterations, additions, permutations, and equivalents as fall within the true spirit and scope
of the invention. In the claims, clements and/or steps do not imply any particular order of

operation, unless explicitly stated in the claims.



et hers, and am nes, which include fluorinated amnes. In yet other

contenpl ated enbodi nents, the continuous phase or dispersant phase nay
conprise a conbination of any of the conpounds nentioned herein. Thus,
where the continuous phase is a polar solvent such as water, the above

| i sted non-pol ar conmpounds may be used in the dispersed phase, as the

non- pol ar conpounds are typically inmsciile wth polar solvents. O
course, the non-polar conpounds nmay be used in the continuous phase for
certain applications and the pol ar conpounds may be used for the dispersed
phase. Exenpl ary Whadlisglaisgivent s besi des water include acetic acid, fornic
aci d, nethanol, ethanol, n- propanol, n-butanol, isopropanol, acetone,
acetonitrile, dinethylfornanide, dinethyl sulfoxide, and ni xtures ther eof.
It shoul d be appreci atremtthad fdrh&:ahmgtambsfuMee/rﬂgedusfawmﬁaﬂe’danti)ebmpﬂsiag:e

neant to be exenpl and, nat 0058 ugh the.present
ot | o ha beBnPbeat lsaang o Rien daikingd cRpersehBiige ConRa miAtes 2 om

a sem condugh@icledfsBersed ditBAA éi)n}ﬁﬁué{&qﬁréﬁ t0duithatortiesupkeaé;ousl y
descri bed principles and techni ques of the present invention can be equally

applied to 22 craangRge stihraegiclesidiwersed anthiethi comiverophaippexinatréy one
exanpl e, thgeppesehlcel E'aﬁ‘% Qi Céh% & gss%ﬁacﬁé?n%e&%r&% sgy gﬂgme %&%%sace

used in sem conduct or acturi reln any equip ace refers
to any surf heteveeh dte pastmlass axvthe an*ﬁ@ntcahtanmmmtsmodhau tbeyomé dhtht Iparticlwafaad the
e.g., shares_ai wi th the wafer resent invention can also be

used in ottheO{%8EW§F8§ t@?éﬁgmﬁﬁ%?gmg F% nation renoval is inportant.

For exanpl e, thergi@senthe dnpugdat paticieahdofiriase doAtBmiRAD AEnT Mat AfababE @ ON
parts used in the space program or other high technol ogy areas such as

surface sci 8Hslaieener gy, Optlcs nlcroelectronlcs MEMS, fl at-panel

processing, 50|a%h&%hhﬁeﬁg§, gthgg theSh em ﬁQ@uld be understood that
the aforenentioned |1isting o enp arg ar eas re the present invention

may be used is not intended to represent an |nclu5|ve I|st|ng

Furthernore, it shoul fl%b%e%gg%?gfa i gg%lgﬁ%g ﬁhtfglgeﬂ\fl\%f?pgba?lgge ?orcmgsone of 1hs y

exenpl ary description herein can entl

any ot her sparrucitwr@spesmhmliﬁ thlbshtiaicds phazar proxBnfangl onet sl thdQbhce
While this invention, h been described in terns of several enbodinents, it
will be apﬁF@%P@@@HHF Sthose skilled in the art upon reading the

precedi ng speci fipgaid ONGInB&ined 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.

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

gas.



studying the drawings wll realize various alterations, additions,
permutati ons and equivalents thereof. Therefore, it is intended that the
present invention includes all such alterations, additions, pernutations,
and equivalents as fall wthin the true spirit and scope of the invention.
In the clains, elenents and/or steps do not inply any particular order of
operation, unless explicitly stated in thet clains. 23 Wat is clained is:
1. A nethod for cleaning a substrate having surface contanm nants,
conprising: applying a cleaning solution having a di spersed phase a

cont i nuous phase%and Tﬂ)arltqtfeildeg Céhllslplemdmmhehnﬂh@mepﬁwmQfo@Il@Slgmnasé tho a
Surface of LAGANOSEPALE JiGEA9 S0GRL. BR,RLIAERES Hl SRE SPUILRLD. L he
cont i nuous ase one ace contam nants ofci ng
sufficient tomamemﬂmnmﬂahy repul sive forces betmeen t he partrcles and the
surface contamn S so hat t one, f t he rticles d the e of
surface contam naﬁ{" %H@%BE@‘ Wﬁ?ﬁ%@lyt‘h@péﬁ%}ﬁ‘aetae B%‘ff’ Céuafﬁ‘de
surface con@&&hagﬁhmfronfthe surface of the substrate; wherein the forcing
is provided by the dispersed phase. 2. The nethod of claim1, wherein the
met hod operation of forcing one of the particles dispersed within the
continuous phase-prox fat

t hinning a fllnfdeflngﬁgkﬁ%(@n %dedgghﬁgus ﬁm&ﬁpégﬂ#ﬁﬁpgﬁzﬁﬁﬁgyﬁ%§fa|m
2, wherei n aherganicmcids between a fluid/fluid |nterface bet ween t he
dispersed phase and the conti nuous phase and a fluid/solid interface
between the continuous phase and the surface contam nants. 4. The net hod
of claim1, whergin tige pakidicéeslaint g, aRref tR0regahe moRicules Uk agtianied

nmol ecul es or assenbl i es of surfactant nolecules. 5. The nethod of claim1,
wher ei n t hefUMstfenoagrniiacs® s one of a liquid or a gas. 24

9. The method of claim 8, wherein an acid moiety of the surfactant molecules

is selected from a group consisting of carbonic, sulfonic, and phosphonic moieties.

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

solvent,

11.  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.

12, 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.

13, The method of claim 12, wherein the continuous phase is aqueous based

and the dispersed phase is non-aqueous based.



6. The nmethod of claim1, wherein the nethod operation of forcing one of
the particles dispersed within the continuous phase proximte to one of the
surface contam nants includes, deformng the one of the particles to
partially wap around the one of the surface contam nants. 7. The nethod
of claim4, wherein the surfactant nol ecules are ionized from an organic
acid. 8. The nmethod of claim7, wherein tidge surfactant nol ecul es are an
ionized formof an organic acid. 9. The nethod of claim@8, wherein an acid
noi ety of the surfactant nolecules is selected froma group consisting of
carboni c, sul fonild, afte prdsdhdaiaomidi etthescontdisinghe net hod of claim 1,

wh [ h [ I
Cl'aim 1, uher oi nCONB A NGotoparet Poe ol pbbvt APHRE: PURSa§E AT K and

surface contaplidaamt oifﬂhemebililﬁgSMﬁﬁ@C@v@fghetslﬂBstﬁjué)St rate includes, rinsing the
surface of the substrate with a rinsing agent; and applying a vacuumto
collect rinsing agent fromthe surface of the substrate. 12. The method of

claiml, whereinjthe @Lhé%?erﬂgﬁdoﬂoéﬁ%?l@nxghéx&% tﬁQ“ﬁétﬁB&Pbb%aat%%?eco%&nhg% ds,

the di spersed phase |i i'nm scible wth the continuous phase

liquid. 13. dishersereplvsd 11@1f11dcﬂ0aa drrsll@sed\mmsfegas fohlewdrenthi rpplicstiph af éhe Geadiieous

based and tq dlspersed2§n1¢u%%ﬁ non- agueous based. 25 14. The nethod of
v

claim12, farther  conpri értlng the di spersed phase liquid to a

di spersed phase gaisciﬁaglal;mwsmg ekp@icnegilyi thatleamingbolutien.cl eani ng sol ution
over the substrate. 15. The nethod of claim 14, wherein the nmethod
operation of converting the dispersed phase liquid to a dispersed phase

gasI f gl I 'owi ng t hegappirhé aidiga &f cihihe 14 WRALNGHe SRId SRtrAMal ot RBvaURs ket e
i ncl udes,
dispersed phase liquid to a dispersed phase gas following the application of the cleaning
solution over the substrate includes,

increasing a temperature experienced by the cleaning solution.

17.  The method of claim 13 wherein the dispersed phase includes a plurality of

different immiscible liquid types.

18. 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.

19. The cleaning solution of claim 18, further comprising:

solidifying the ionized fatty acid.



reduci ng a pressure experienced by the cleaning solution. 16. The method of
claim 14, wherein the nethod operation of converting the dispersed phase
liquid to a dispersed phase gas follow ng the application of the cleaning
sol ution over the substrate includes, increasing a tenperature experienced
by the cleaning solution. 17. The nethod of claim 13 wherein the dispersed
phase includes a plurality of different 26nm scible liquid types. 18. A

cl eaning solution for cleaning a sem conductor substrate prepared by a
process conprising met hod operations of: adding a fatty acid to water;
heating the fattylaci dhoelcaring solutioroel ¢loimal$ erhseaintherselidifpe oscuppiar g 0

poi nt tenpﬁ5%3#58 of the fatty acid; stirring the mxture to one of

di sperse or e S|?y the fatty acid within the solution; ionizing the
fatty acid within the solution; and cooling the ionized fatty acid solution

bel ow t he nel ting, poi temperature of the fatty acid,. 19. The cl.eaning
sol uti on of ol ai -1, hetiErBRe ot Qo losu ey BF nstonrrBhts SR Einey
acid. 26 2the fildeaGd 0MBINGe SOLLS] PBlugts, ¢l ai m 19, wherein the solidifying
occurs over a 10 hour_ period. 21. The cleaning_solution of claim19,

wher ei n t he net hdfliehepaeitohesneodAispererg ortcralsied spluond wi thin the
solution includes, adding a base to the one of dispersed or emulsified
solution. 22. The cleaning solution of claim18, wherein the cleaning
sol ution include22. abd cRadinsolotiaboflitlaiddSphwheeigtie déaningesolwtonyineloda.

23. The cl eani ng ,s0] uti on claim1 Whereip the fatty acid is stearic
acid and t%%“%@ﬂ(?kﬁﬁBBEHﬁ£Péﬁﬁé¥§?€¢8*Q§”ﬁ ‘degrees Cel sius. 24. The
cl eaning solution of claim 19, wherein the nethod operation of

23.  The cleaning solution of claim 18, wherein the fatty acid is stearic acid and

the melting point temperature is 70 degrees Celsius.

24.  The cleaning solution of claim 9, wherein the method operation of
solidifying the ionized fatty acid includes,
forming solid particles having a size between about 50 nanometers and

about 5000 micrometers,

25. 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.

26.  The cleaning solution of claim 25, 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.



solidifying the ionized fatty acid includes, formng solid particles having
a size between about 50 nanoneters and about 5000 mcroneters. 25. A

cl eaning solution for cleaning a substrate prepared by a process

conprising nmethod 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@7the fatty acid water m xture; and
ionizing the fatty acid in the dispersed solution. 26. The cl eaning
solution of claim25, wherein the method operation of preparing a particle
si ze distributiod7of &h¢ aleapingcrdutian wi tohiim 3S.spberici & prectiicd| arkle size

di stribution: ! des, mdd. f at i . The cl eani ng
sol ution of B?F’?‘ﬁ‘?%g‘éﬁs{w e\%w‘g.éej‘%bﬁgwe‘&a@g%’%{%ﬁ Y a%é?tﬁé Qﬁéﬂ 1érlgrzng?e(zis;'st ribution is
bet ween about 50 nanoneters and about 5000 mcroneters. 28. The cl eaning

sol ution of clain, 25, erei.n the.nmethqd operatiaon of addin the fatt

2014 to water | ndbudedl HERTAGTHE: PREY Sordicron termenes SHbriY Yoltiton

of cl ai m 28heftuity B8l tLOMRF inshues, cooling the fatty acid in the dispersed

solution to anbient tenperature. 30. The cleaning solution of claim25,

further conpri si Wgltingdes faliygidng the fatty acid over a 10 hour period. 31.

The cl eaning solution of claim25, wherein the nethod operation of ionizing

the dispersed fatty acid in the solution includes, adding a base to the

fatty aci d/ wat er 2%0l uThocleard®g soliteoncifetanin?§, Sothert ¢comprotngcl ai m 25, wherein

t he cleaning solution.n ludea. about O.AL Of)to abo%t Jf?%beY wei ght of the
m solu at

fatty acid. cooling the tatty aci e disperse tion to ambient femperature.

30. The cleaning solution of claim 25, further comprising:

solidifying the fatty acid over a 10 hour period.

31.  The cleaning solution of claim 25, wherein the method operation of ionizing
the dispersed fatty acid in the solution includes,

adding a base to the fatty acid/water solution.

32.  The cleaning solution of claim 25, wherein the cleaning solution includes
about 0.1% to about 10% by weight of the fatty acid.

33. The cleaning solution of claim 25, wherein the fatty acid is one of a
saturated fatty acid or an unsaturated fatty acid.

34, The cleaning solution of claim 25, wherein the fatty acid is selected form a

group consisting of lauric, palmitic, stearic, oleic, linoleic, linolenic, arachidonie, gadoleic,
eurcic, butyric, caproic, caprylic, myristic, margaric, behenic, lignoseric, myristoleic,
palmitoleic, nervanic, parinaric, timnodonic, brassic, clupanodonic acid and mixtures

thereof.



33. The cleaning solution of claim25, wherein the fatty acid is one of a
saturated fatty acid or an unsaturated fatty acid. 34. The cl eaning
solution of claim25, wherein the fatty acid is selected forma group

consisting of lauric, palmtic, stearic, oleic, linoleic, linolenic,
arachi doni c, gadoleic, eurcic, butyric, caproic, caprylic, nyristic,
margari c, behenic, lignoseric, nyristol e|2:8 pal m tol eic, nervanic,

parinaric, timodonic, brassic, cl upanodonl c acid and m xtures thereof. 28

35. The cl eani ng sol ution. of cI m 30 the b e s sel ted froma

o const ot e B R g AR AR Mo R s G P OP LRy

pot assi um hygEiexider (amrbmmanl@dt&&aearammm,agemnﬁ WDIRKGIOXINEBHS, Qé%bsmn%
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The cl eani ng11 sol ution of claim25, wherein the nethod ogeratl on o ni zi ng
the fatty adhdraxdeKOR), spbieyancdyl anmenundodmsds (TAMHSti ng a pH of the

di spersed solution to correspond to an ionization constant representative
of above about 50% di ssoci ation. 37. The cl eaning solution of claim 36,
wherein the fatty"36aci d‘hiesl@niagmbietiacbitbl@inms,t\amereﬁlHHesmﬂlhmMpeﬂeﬁ)i.oB.of BBizidhe
cl eani ng sol on of .c rther C rising: adding dispersant

nol ecul es t&H‘;‘ff‘? y@ﬁ’@t‘?fﬂﬁc‘:{n eWﬁ?é “tr'r(?&'flﬁlruaggo suspend the fatty acid

particles in the Mak@is a pH of the dispersed solution to correspond to an ionization constant

representative of above about 50% dissociation.

37.  The cleaning solution of claim 36, wherein the fatty acid is stearic acid and
the pH is about 10.2,

38.  The cleaning solution of claim 25, further comprising:
adding dispersant molecules to the fatty-acid water mixture to suspend the fatty

acid particles in the water.



