1 CLEANI NG COVPOUND AND METHOD AND SYSTEM FOR USI NG THE CLEANI NG COVPOUND
BACKGROUND [0001] In the fabrication of sem conductor devices such as
integrated circuits, menory cells, and the like, a series of manufacturing
operations are perforned to define features on sem conductor wafers
("wafers”). The wafers include integrated gircuit devices in the form of
mul ti-level structures defined on a silicon substrate. At a substrate

| evel, transistor devices with diffusion regions are forned. In subsequent
| evel s, interconnect netallization lines are patterned and electrically

connected to I st evi ces to defi a desired integrated circuit
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contam nants. Essentially any material present in a manufacturing
operation is a potential source of contam nation. For exanple, sources of

contam nation rmay include process gases, chenmicals, deposition materials,
and |iquids, anmong others. The vari BACEQRbyNmants may deposit on the

U
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feature damage due to application of 2 mechanical force to the wa

surface indP -gg@écsd_e CHEQ &3%1 eAloe gtaffpaisd repvidnegiviei vemspecinsulated from other
conductive layers by dielectric materials.
[0002] During the series of manufacturing operations, the wafer surface is exposeéf :.té
various types of contaminants. Essentially any material present in a manufacturing
operation s a potential source of contamination, For example, sources of contamination
may include process gases, chemicals, deposition materials, and liquids, among others.
‘The various contaminants may deposit on the wafer surface in particulate form. If the
particulate contamination is not removed, the devices within the vicinity of the ”
contamination will likely be inoperable. Thus, it is necessary to clean contamination from
the wafer surface in a substantially complete manner without damaging the features -
defined on the wafer. The size of particulate contamination is often on the order of thé
critical dimension size of features fabricated on the wafer. Removal of such small

particulate contamination without adversely affecting the features on the wafer can be quite
difficult.
[0003] Conventional wafer cleaning methods have relied heavily on mechanical force to

remove particulate contamination from the wafer surface. As feature sizes continue to

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



ratios are vulnerable to toppling or breaking when inpacted by a sufficient
mechani cal force. To further conplicate the cleaning problem the nove
toward reduced feature sizes also causes a reduction in the size of
particul ate contam nation that nmay cause damage. Particul ate contam nation
of sufficiently small size can find its mé@ 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, etc. Thus, efficient and
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imm scible liquid, and the enul sion f her _incl udes solid particles
distributed within the first imﬁsciblm A force having a normal
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contam nant, are_renoved fromthe surface of the substrate.
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 cleaning compound is provided. The cleaning compound
includes about 0.5 weight percent to about 10 weight percent of a fatty acid dissolved in
water. The cleaning compound includes an amount of a base sufficient to bring a pH of the
fatty acid water solution to about a level above where about 50% of the dissolved fatty acid

18 ionized,

[0006] In another embodiment, a method of cleaning a substrate is provided. The method
includes applying an emulsion having a first immiscible liquid combined with a second
immiscible liquid to a surface of the substrate. The second immiscible liquid forms a
plurality of droplets dispersed within the first immiscible liquid, and the emulsion further
includes solid particles distributed within the first immiscible liquid. A force having a
normal component is applied to one of the solid particles to bring the one of the solid
particles within an interaction range of a contaminant on the surface of the substrate. The

one of the solid particle and the contaminant are removed from the surface of the substrate.



3 [0007] In yet another enbodi nment, a systemfor cleaning a substrate is
provi ded. The systemincludes a cleaning head configured to be di sposed
over a surface of the substrate, the cleaning head having rmultiple

cl eaning portions. The systemincludes a cleaning solution reservoir
supplying a cleaning solution to one of t he mul ti ple cleaning portions.
The cl eaning solution has a di spersed phase, a continuous phase and
particles dispersed wthin the continuous phase. [0008] In still yet

anot her enboginent, a process for preparing a solution for cleanin
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[0009] Other aspects and advantages of the invention will become more apparent from the
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

invention.



[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] Figure 5 is a sinplified schematic
diagramillustrating an aggregate of surfattant nol ecul es, 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
view of a sy, or cleaning a substrate in accordance with one
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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 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 particles) dispersed through the continucus 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.



eventual |y rempve the contamnant. 5 [00201 Figure 1 is an illustration
showi ng a physical diagramof a cleaning material 101 for rempving
contam nation 103 from a sem conductor wafer ("wafer') 105, in accordance
with one enbodinent of the present inventign. The cleaning material 101 of
the present invention includes a cont i nuotls liquid medium 107, solid
conmponents 109, and imm scible conponents 111. The solid conponents 109
and i nm sci bl e conponents 111 are dispersed within the continuous |iquid
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[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 materjal 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



el asticity and plasticity can vary anong different types of solid
conponents 109 within the cleaning material 101. Additionally, it should
be understood that in various enbodi nents the solid conponents 109 can be
defined as crystalline solids or non-crystalline solids. Regardless of
their particular physical properties, the @ol i d conmponents 109 within the 6
cleaning material 101 shoul d be capabl e of avoi ding adherence to the
surface of wafer 105 when positioned in either close proximty to or
contact with the surface of wafer 105. Additionally, the mechani cal
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Therefore, Ehggei@%tsn tme'{yobéj rglg ¢ ttoa ?k(lje iliauid medium 107 to enable dispersion of the solid
components 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 exemplary solid components 109 include aliphatic acids, carboxylic acids,
paraffin, wax, polymers, polystyrene, polypeptides, and other visco-clastic 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



that the solid conponents 109 can be defined as essentially any solid

mat eri al 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 conmponents 109 include aliphatic acids,
carboxylic acids, paraffin, wax, polyners? polystyrene, polypeptides, and
ot her visco-elastic materials. The solid conponent 109 material should be
present at a concentration that exceeds its solubility limt within the
l'iquid medium 107. In addition, it should be understood that the 7
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liquid nedium 107. [0026] I nV sorrse en‘!f))ocl ment g ﬁgﬁnpﬁéﬁl%?dai H?{g%%rés%ﬁttc
mat eri al t o18GeAldoqthedantediylinadiy camimylude otteq Girceidnilgrenakleh & panbi twlitad
type of solid cor onenE ]1529 such as . a fatty acid, to . ]
to methyl, vinyl, alkyne, amide, primary amine, secondary amine, tertiary amine, azo,
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 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
mojeties that are miscible with the liquid medium 107, such as carboxylate, phosphate,
sulfate groups, polyol groups, ethylenc oxide, etc. The point to be understood is that the

solid components 109 should be dispersible in a substantially uniformn manner throughout



di sperse throughout the liquid nmedium 107. For exanple, a base can be added
to the liquid nedium 107 to enabl e suspension of solid conponents 109
formed frommaterials such as carboxylic acid or stearic acid that are
present in |l ess than stoichionetric quantities. In one enbodinent, the
base i s Anmoni um Hydr oxi de, however, any c%nnercially avai l abl e base may
be used with the enbodi nents descri bed herein. Additionally, the surface
functionality of the solid conponent 109 naterials can be influenced by the
inclusion of, noieties that are mscible with the |iquid nmedium 107, such
as car boxyl dhe lapidgeshumel07 sugh that thegolidsempgaenis 109 aveig slureping fagadieoiitoe,
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medi um 107 can be "ei ther aqueou non-aqueous. For ‘exanple,
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anot her enb%di rZE,nt a non-aqueous |iquid nedium 107 can be defined by a
hydr ocar bon,Peé iNG® by cabbpcarkpnni flsoapcaghan, agpingral gilc ohet alcagholn gmonpethers.
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co- sol vent s SOyentswad ftlear shewital addifeesagémtexampproltae chanivenaditieand st Batid,
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i mm sci bl e conmponents 111 within the cleaning matérial 101 can be defined
in either tHaReshPragenivhaydiotidedapheawelogy heodifbisdsuphas eplyomers particulates,
conbi nat i ona{@g& g(]f; sti el t he enbodi nent having the inmm scible conponents 111
defined in g P gﬁ%ise, the i nm sci ble conponents 111 are defined as gas

bubbl es di SP (J:’\ t hr oughout the continuous |iquid medium 107. In one
enbodi nent , 'ﬁé sPISYIHF s mgpigoned e the, samissitie copyponsnis ol 9o witkino thet plsaning

cleani ng maheRd Al 189 LaD¥e URHNEN, clitrﬂeiaﬁ]%tgﬂgrphase, the liquid phase, the solid phase, or a
combination thereof. In the 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 inert, e.g.,

N», Ar, efc., or reactive, e.g., Oy, Oz, HyOs, air, Hy, 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 Jow-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,



enbodi ment, the gas bubbles are defined to occupy 50%to 95% of the
cleaning material 101 by weight. The gas defining the inmmscible
conponents 111 can be either inert, e.g., N2, At, etc., or reactive, e.g.,
02, 03, H202, air, H2, NH3, HF, etc. [0029% I'n the enbodinent having the

i mm sci bl e components 111 defined in the Ifquid phase, the imm scible
conponents 111 are defined as liquid droplets dispersed throughout the
continuous liquid nmedium 107, wherein thg Idi ?ui d droEI ets are Llrrm sci bl e
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suffici ent focoveEteenetharsoliddibepouantfld®cmdiré waghmimhar. CORé3frd) atien B8 sand

t he wafer 105, as V\ﬁ%ias any repul sive forces between the solid conponent
t

109 and t he“UBRYER AHALS MAYEH &GY dromr wekes 1981 e canbrpomento31be inseragedd
away from t hewed %lid%ﬁ&g@ﬁt Nt ah d]dQ/;é}/ EI%?H th:ce%ra%lrglg) ?Lf.jc?.,etWe %{)]rﬁégfnant

solid conponent 109 is o0 noved away fromthe wa _
cont am nant 10383 ldased Froanixd WafarbOShe waf er 105. [0031] Figures 2A-2B are

illustrations show ng how the cleaning material 101 functions to renove

the cont ani [oast] FR3rdsrmBhge WS&Eti&Q%ho%ngth@%%ﬁin‘g rﬁeﬂel‘?ﬂq 08 TR He RS

of the present invention. It should be understood that the cleaning

mat eri al 10ErHepithe eentaminant 103 from the wafer 105, in accordance with one embodiment of
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
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 ()
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 oceurs
when the solid component 109 actually contacts the contaminant 103, This interaction

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



Fi gures 2A-2B possesses the same characteristics as previously described
Wth respect to Figure 1. As shown in Figure 2A, within the liquid nmedium
107 of the cleaning material 101, the solid conponent 109 is interposed
bet ween the contam nant 103 and the inm scible conponent 111. The

i mm sci bl e conmponent 111 within the quuidonediun1 107, whet her gas bubbl es
or liquid droplets, has an associ ated surface tension. Therefore, when the
i mm sci bl e conmponent 111 is pressed downward agai nst the solid conponent
109, the ingha&hbfe_conyqnent 111 becones deforned and exerts a downward
force (F) el hegnfegactignsence hetvegn thersntis cosmonental (9omedh¢ Fyntarminant Hr isal
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conponent 109 is forced sufficiently close to the contam nant 103. In one
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enmbodi nent, t I, action.bhe n the solid_c onent 109 and .cqont am nant
103 occurs ﬁﬂ@%‘“ﬁ%@%éﬁ?ﬁ*tam%ﬁ%mm ey iSe ol ?@%%ﬁieaéﬁ sepifeddp it rdht
103. This i nyienast iseld coRpont 006 HRfel ra_%g tffbn@%heSQ/la%g 169,"@8%%1&&;?% 103

engagi ng contam nant 103. 10 [0032] The interaction force betwee
sol i d conporhernd 1@ theandidtdompooetal¥riantso B8vddsawst fromghe vidian Ashelt fisude be

connecting the contam nant 103 tq fhe wafer 105. Additionally, in an
enbodi nent \;%HB’IE&&FGF}Z{W%@?%CHJSSJ%)6@5%?0111169165?8rh%’ iferact PR BeseRiHYRANEN 163 tog
force used afcimecithg i 10 om. the, [

st ronger théln (t;the f%rCené%%%é%%%ﬂ?ﬂ%mﬂnﬁ?%%g%l gPééggt %}%%ﬁ@\i}\é@ gr‘!"f}’o‘??
Theref ore, aspadpiicindtbw weHitigusadid2Bmponkan 109 ereshidtiibued aporemt widd 10s. Mmpyed

away fromthe wafer 105, the contam nant 103 bound to _the solid conponent
109 i s al sopﬁ%?/’éecffe%{m?f?“fﬂ% %ﬁ@ﬂ@/&?’@i’oﬂ%@ 1G% wEhpuswel dissipipyetthat essentialy
because t he.saki &coRINE 09...i ‘ AL i patjon 103 to..
affect the cl egn(?jr?g pr g@eggf Oéoﬁltca%%%gtﬁgnwi%gber Qﬁ@\%@{ﬁnﬁtgr g’s%'l' ?ef?ét B¢ ePlidos
will be depemdernt d6S hdvshoeld alidiee sgirédated ROBRALSAOSAERAHISY fabUbed in

across the wafer 105. In a preferred enbodiment, the solid conponents 109
will be so SEHPCIEYER Aryftesast (vl moss & eng gontameept d8ht eitfichanta S0Glareouke
waf er 105 Wiyghnd& il aREQEELE Mad s 2F t.one.solid co nent 109. It
shoul d al so be appr eci a@ﬁé&g t1:1ata oﬁ'e%%%ﬁ‘?g“’é%%g%%g%‘%‘p%@?@%%%?& §Tfixture of
different components as opposed to all the same component. Thus, the cleaning solution is
capable of being designed for a specific purpose, i.e., 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



contact with or interact with nore than one contam nant 103, either in a
sinmul taneous nmanner or in a sequential manner. Furthernore, solid
conmponent 109 may be a mixture of different conponents as opposed to all
the sane conponent. Thus, the cleaning solution is capable of being

desi gned for a specific purpose, i.e., tarldeting a speci fic contam nant, or
the cleaning solution can have a broad spectrum of contam nant targets
where nultiple solid conponents are provided. [0033] Interaction between
the solid conponent 109 and the contam nant 103 can be established through
one or nore SAEEICRENE ARY ththerenisginam d83.chys providing tha meshehical forae neogesary for

f , ] tween the sgldd conponent 109 and
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conponent 1@8m@bgentNg9.contam nant 103. For exanple, a surface topography
of the contam nant 103 nay be such that as the contam nant 103 is pressed
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enters regions within the sur opogr aphy of "the co
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creating a l.ockjn nmechani sm Additionally, as the contam nant 103 is
pr essedgi nt Slsﬁf#@egglopﬂt SrpenERe 1ndus embodizantithe enliskcasanonpet WSt may besndtrt o

resi st remyalper iR SRNCBMRRYN 103, T 1PMd BSid %lo}n(gonent 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
contaminant 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
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



conponent 109. [0035] In another enbodinment, energy transferred fromthe
solid conponent 109 to the contam nant 103 through direct or indirect
contact may cause the contam nant 103 to be dislodged fromthe wafer 105.
In this enbodi ment, the solid conponent 109 may be softer or harder than
the contaninant 103. If the solid conponedf 109 is softer than the

contam nant 103, greater deformation of the solid conmponent 109 is likely
to occur during the collision, resulting in |less transfer of kinetic
energy for dislodging the contam nant 103 fromthe wafer 105. However, in
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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



Waal s attraction. The force applied by the imm scible conponent 111 to the
solid conponent 109 may be sufficient to overcone the electrostatic

repul sion such that van der Wals attractive forces are established

bet ween the solid conponent 109 and the igntaninant 103. Further details
of this enbodiment, are provided with reféefence to Figure 4. Additionally,
i n anot her enbodi nent, the pH of the |iquid nmedium 107 can be adjusted to
conpensate for surface charges present on one or both of the solid
conponent 109 and cont am nant 103, such that the electrostatic repulsion
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a 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
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



conmbi nation of crystalline and non-crystalline solids. Additionally, in
various enbodi nents, the |iquid nmediumcan be either aqueous or

non- aqueous. [0040] The nethod al so includes an operation 303 for applying
a force to a solid conponent to bring the solid conponent within proximty
to a contam nant present on the substratd? such that an interaction is

est abl i shed between the solid conponent and the contam nant. As previously
di scussed, inm scible components are provided within the cleaning material
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contam nant g.@R Jii& FYO3L u8kifst the contaminant. Then, once the solid component is pressed
and conformed to the contaminant, the temperature is lowered to make the solid
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-sita 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



[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 a conbination thereof. Al so, in one

enbodi ment, the nmethod can include an operation for nodifying a chemstry
of the liquid nmediumto enhance i nteracti éf between the solid conponent
and the contam nant. For exanple, the pH of the liquid nediumcan be

nodi fied to cancel surface charges on one or both of the solid conmponent

and contam nant such_that electrostatic repulsion is reduced. [0043]
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I ncl udes an. RASLS &tlic%gpt];lg)iron becomes significant when two particles/colloids 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



15 controlling a flow rate of the cleaning material over the substrate to
control or enhance novenent of the solid conponent and/or contam nant away
fromthe substrate. The nethod of the present invention for renoving
contam nation froma substrate can be inplenented in many different ways
so long as there is a nmeans for applying d% orce to the solid conponent s
of the cleaning material such that the solid conponents establish an
interaction with the contam nants to be renpoved. [0046] Figure 4 is a

sinplified schematic diagramillustrating a graph depicting the net
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on the X axé.ﬁ.,ten&)sgi'a‘,il(:h?r{der, vesicles, lamellae, etc. One skilled in the art will appreciate that
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. 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



value is subtracted fromthe |larger value to get the net energy. The net
value is then plotted, above if repulsive and belowif attractive, and a
curve is forned. If there is a repulsive section, then the point of

maxi mum repul sive energy is called the energy barrier 16 409. The hei ght
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hydr ophobi ¢ portion of the nol ecules, while the hydrophilic portions 503
remain on the surface of the nolecule so that they can maintain favorable
contact with water. In the case of ionic surfactants, in one enbodi nent,
the electric charge of the ionic heads is neutralized by the

EXAMPLE 1

[0050] Water is heated to above 70 degrecs 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 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 (NH,OH). The concentration of
the NH4OH can range between 0.25% and 10% by weight. The stearic acid/watet/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 mixture but it is not
necessary.  The size distribution of these precipitate particles (solid components) is

between about 50 nanometers and 5000 micrometers.



oppositely charged ions (counter ions) located in the |ayer around the
mcelle, to fulfill the condition of electroneutrality. In an alternate
enbodi ment, where a non-polar solvent is wused in the continuous phase, the
hydrophilic groups will formthe core of the mcelle, and the hydrophobic
groups remain on the surface of the nmcel I i.e. areverse nicelle. Thus,
in one enbodinent, the mcelle 109 represents an aggl oneration/ assenbly of
surface- active nolecules that may function as the solid conponents 109. O
course, it should be 17 wunderstood that this is just one exenplary

enbodi nrent and that solid conponents may be fornmed through other

techni ques nentioned above. [0049] Descri bed bel ow are exenpl ary techni ques
for manufacturing the cleaning sol uti oBXAMPLIEBoul d be appreci ated that
these are exenplary techniques directed at the use of stearic acid with an
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distribution of these particles is between about 0.5 and about 3,000 micrometers.

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. lonjzation 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

ammonium hydroxide (NH4OH). The concentration of the NH,OH can range between
0.25% and 10% by weight.



the NHACH can range between 0.25% and 10% by wei ght. The stearic

acid/ water/ NHAOH m xture is stirred for an additional 20 mnutes to forma
honbgeneous sol ution. The solution cools to anbient and sits for 10 hours
and over tine a precipitate fornms, i.e m&g solid conponents. During
stirring, air can be entrained into t he ture but it is not necessary.
The size distribution of these precipitate particles (solid conponents) is
bet ween about 50 nanoneters and 5000 microneters. 18 EXAMPLE 2 [0051] The
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conplete, the rema ryén%Psol ids can be repoved by filtration or

cent ri f ugat PO th B PFeSETE ol gHis ofvch sasné%%’quWké’éFO\RP}c KRBk erlt (should be

non- sol vent ypnreciated 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
0601 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
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 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
605 also to provide a meniscus as discussed in the cross-referenced application below in

more detail. An inert gas and/or IPA are provided to portion 607. Here again, while



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 0.5 and 5,000 mcrons. lonization of the stearic acid can be
initiated by adding a base to bring the pHup to 10.2 or higher. An

exenpl ary base added to the solution to bfng the pH up is anmmmnium

hydr oxi de (NHAOH). The concentration of the NHAOH can range between 0.25%
and 10% by weight. 19 [0053] Figure 6Ais a sinplified schematic di agram
of a top view of a systemfor cleaning a substrate in accordance with one
enbodi nent  Sfg¥RE Gkt 08n aresilhistratede wed rempeatstd m aemicondimtord bubstraicorthe

t dth | I i head j ncl udes ortion 603
cont 1 gur ed £5RRRhSERER be NERTTE MelPeneT BiptahE HECH R B e
I i |yt i may,. be jn the formof a foamor an enulsion. In one
gn‘ggg: Prgnts O [#mﬁoéa%dﬁ&“éblﬁf{%a%l% abg| fhge PERXIIIY aROF edwsny and drfysemyay
t i f 1 rvQiL L S . i zed,. i
ol Ut} on g EanES PAT bfitde o ort AEnRRELURLA Aol BT Sl Mo FIE
to the cl eamisngd haaDecofter &, tHO2r agleemiicd 1GAIMAIARDT PESURIRC Hizabheos! ®aRi A

solution may be punped or delivered through other commonly known neans. In
anot her  enbOFEREREEANRNG AND IR YENC.nefprisedigienplvisfosamation with respeetriotbe proaimity om

an off-line ir rti 05 i udes a rinse chenm str such

doi oni zed wiF SR TR 5o e Row “RrbfnaRaai SR Bommotie eta T
the particulPatenapi! icgeab|7an; isEaid b9 Bep@mbef ot DE03 aheamind NaafhdOMKdes ke
drying capability and may utilize an inert gas, such as Nitrogen and/or a
| ow vapor pFRISHHEY CLEANING AN DEEING o pFepyddiadnmd Hoforoatn) abdut tsh(ﬁmldd?cb@m
appr eci at ed - Rertiaons 605 and 607, which are located downstr rom
tE\e cl eani n§ egg%lr Itq ?%%engﬁé; W redie ceEQog’&i %H}p?alwnbﬁp%i edize Bﬁegdﬁflﬁ?- Patent
meni scus andéppByate Nae 10P5IE4E, e Sanbagnheadowmed by hEdas Shangs @and
further described in the cross referenced applications |isted below One
skilled in VeeUaM IRAI Y ARG rIRRYHE SMBNEOLBUbSOr atiditiosd linfraynation abeutamdhioei,

rotate and npve |lineatly. e tively,. t L.eani ng head nmay ver
substrate 6%¥el\ﬁﬂﬁ & hfé né“ﬂ@ls{or Q{% ]:)asfe'gtlg?'i g’ﬁgg’Qgﬁrlsaﬁgo"%&%“r‘?é 2?{25@{ and
anot her  engggidENIETHIDS 428D PESTEVISPRORSF R OCRBYING A s/ APE USING A .
conpartment where a single wafer is deposited and the cleaning solution is
appl i ed. | nDINAMIGHIQAABt MENIBGDS| andrnl).S. Ratent 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
that comprise generally three or more unsaturated bonds with a single ring or multiple rings

attached by a common bond and/or multiple rings fused together. Contemplated



tool providing sequential conpartments for each of portion 603, 605, and
607 may be provided. In another embodi ment, the cleaning head may include
two portions 603 for cleaning solution with portion 605 sandw ched in
between the two portions 603. Thus, nunerous configurations are available
for the functionality described herein. [@54] Figure 6B is a side vi ew of
the cleaning head of Figure 6A. Cleaning fluid is supplied to portion 603
as nentioned above. DI Wand/or sonme other suitable cleaning chenistry may
be provided to portion 605. Vacuum may optionally be provided to portion
605 al so t o IpidEFaHenLomnerBdLinChde dﬁ)lgclwsste'&né,rp~xﬂetéa};mﬂyl ls/n;\e,f seenied, fjolxéentt
application i-n__nore detail. An inert gas and/or are provide o]
pgfti on 607.%&“@’ %gé‘iﬂh’?“‘imﬁ’ﬁpﬁﬁ’azé’ aﬁiaaa%e%w’msaﬁ’?@t% ApEne| [398e%aRe e Beripach
espect {0 g, CRRMMEL OllodtkhiRt ' AlferhlMBranE DA EENNS, wgg%f?xg&{lg&‘éa&?
flat panel displays, solar cells, nmenofy devices, etc. For

addi ti onal iQiYﬁl@pﬁﬁ@Iieoﬁ,Qa‘bbimahﬁper}jam ipmircblyuma:gmrs,mh%ggn@étﬂ};ﬁﬁy%awscﬁiggmtch ats
reference can, be e to an ex ary system described in e U S Paten
No. 6,488, of&}om‘ia@fh,y&f%ﬁ&iﬁa&efmlﬁa@% fﬂé@@aﬁw&&éﬂﬁrﬁwéwdlf@@pnhmvzenei 1,2-
PROXIM TY H ) WY YI.NG 1 For addi.tiona

i nformati on%\%ﬁgﬁ ﬁ?@%&%‘?—i 520’4%';@# (@)&cﬁ%}l’t&quﬁg&%%@ érlé?]rc?em%’aﬁscgjéll[yﬁ%e&éeqeo
an exenpl ar ynghgriphithajereeat!yltadserde Sgrdile dPirliciliey tbrifempRasdasiveNg. include, but
6,616, 772, issued _on Septenber 9, 2003 and entitled "METHODS FOR WAFER
PROXI M TY a%wpq\k;nxﬁét niiae: hexgne qlrmtanco aydlohespes, henra. sBoete, kgionanod

bottom nmeni$¢l wed &F e.made to the exenpl ary neni scus, as
di scl osed |r11]§1(L;(JthcS %ét%@ﬁ’?%?\%%ﬁ@‘?%g?i on No. 10/330,843, filed on Decenber 24,

it onar KT elohe ST i irikMmentei e eqmiupkn b R AiPe PoicraEnt
SYSTERS FoR PROCESS No A SOBeTRE Ut Ne A By 01 B BN e g
U.S. Pat ent cNapoB1de98udnes kewsesdvioinh Jaclude fiiddinate@ A@forende gntictiond, digtiGBl C
B S SR AL TN [0, 11 ot oD epl e
compounds t BatsabBichORSIEE TRARAEE Sferd MRioBYALIGRA RN A R ¥ed carbonate-based
compounds, such as propylene 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 limiting.

[0058] Although the present invention has been described in the context of temoving
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
cleaning surfaces other than semiconductor wafers. For example, the present invention can

be used to clean any equipment surface used in semiconductor manufacturing, wherein any



Hydr ocar bon 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 than water; however, there are a
f ew hydrocarbon conmpounds that could be considered to be as polar or nore
pol ar than water. Hydrocarbon conpounds a2 generally broken down into
three classes: aliphatic, cyclic and aromatic. Aliphatic hydrocarbon
conpounds may conprise both straight-chain conpounds and conpounds that
are branched and possibly cross-1linked, however, aliphatic hydrocarbon
conpounds eqWpPment Bwkist tdersdo ang IsidaceCGhel isdn eydircraagrvd rcommnucmits aitle the

t hose conpounds that, conprise afl Ieastt t{]ree carpbon atons oriented. in a
ring struct YRSV EhSIBFSHLr PRESWED 1B Wrter o Thepresmmbinventigisag cltodsses ifpeiiais .
Aromatic hy | ] Lt atpco i y
three or moreriorodt ireaf R, SqRa 6] F OV HiRorkil® FGRIBRAL, AEIRLEh
attached byiraestoomoan bemsedndfamowLddnigrhiaationgs phts @sed Bodichgice program, or
Contenpl ated 21 _%xﬂ/'drgc%r bon conpounds include tol uene, xylene, p-xylene,
m xyl ene, nRYFE igthkchuelpgy sreas ightasasuace GripaeR: GRETEY: IPRLRS, mIckepkessronisgch
as pentane, Mmgnﬁatﬁﬁggﬁé@&%mgﬁ§&51agals n{é@g)g’g%eviggst, ape, {tdsﬂgl?lﬁabr@:emlderstood

2- et hyl but ane, hex tricdecane, pen cane; ’ "cycl operntane,

2, 2, 4- tri methaythpefdramentiqet tiolisgiol &hplay ahal ageRaleprelnd ReaiHONy bsUsdH as
chl ori nat ed KHydrocarbons, fluorinated hydrocarbons, nitrated hydrocarbons,
benzene, 1,B-nofinerded|tpsspzesent aminplusive distipg. hiiithenmeree it shpwdrhgl apppsiciatedsthat
kerosi ne, 180 . : t hyl,napht hal ene, ethyltoluene, .ligroine.
Particul arl @8%#@%{%?@2“ st% v}e[nr%{}%ldll}ﬁg‘fsﬁagt,lorbH?Ielna¥‘%rl ﬁ%tgeflf:fmllzeécggq ._b‘?piesem
pent ane, hexangialljapy amter steyctloRXRASa sHRRARNE pait, & M@BEetcXy! ene and

m xtures or conbinations thereof. [00571 In ot ﬁer cont enpl at ed enbodi nent s,

the continuey8oPRase ik iN-RABA ﬁg@yﬁeeﬂm@ iaza;r% ﬁ:lff Eref;a%raﬁ RS GO YNGS; ghat

are not considered part of the drocar bon y o conpounds, such as
ket ones, whipphediaied diske thbacoskied éd thetangsin eading the efrardingdipetifichtiolsesane,
met hyl et hyl ket on% and the |like, alcohols, which include fluorinated
al cohol s, ~Sefdpg henderngic Miderphgorisnate liesteps, addiiens. nagrawiaiipgs and
non-fl uori ediGal bepage . . o SUGH - e Ik and
The 11 ke, eehEruGR, BRARKE ARG, IS PRRRRE hRAR oFSeR AR R R e
i ncl ude fl udreranRingdadalitione sperhintaiehs,aindetuisarhenRIfal dthin 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.



enbodi nents, the continuous phase or dispersant phase nmay conprise a

conbi nation of any of the conpounds nentioned herein. Thus, where the
continuous phase is a polar solvent such as water, the above |isted

non- pol ar conpounds may be used in the di%fersed phase, as the non-pol ar
conpounds are typically inmscible wth p0lar solvents. O course, the
non- pol ar conpounds may be used in the continuous phase for certain
applications and the pol ar conpounds may be used for the dispersed phase.
Exenpl ary polar sol vents besides water include acetic acid, form c acid,
met hanol , ethanoMﬂahUC&WGdeEl, n- but anol , isopropanol, acetone,
acetonitrile, dinmethylformam de, dimethy?L ;ﬁkfoxide, and m xtures thereof.
It should be appreciate that the lists rials provided herein are
meant to be exenplary and not limting. [0058] Although the present

i nvention has been described in the context of renoving contam nants from

a sem conduct or fer, | od that the previously
descri bed princi%?es éﬁ%é¥gﬂﬁﬁ%ﬁ%§§d§$gﬁﬁ§hl:esent i nvention can be equally
applied to cleansbag sUkfcate peRbhero N 19ertigRNlEdR of afael SacidFelsp&¥aIH e,

the present invention can be used to clean any equi pnment surface used in
senmi conduct BatcHeaRdf act uri ng, wherein any 22 equi pment surface refers to

any surface that _|s_ i Vi rLon t.al ni cat4.on wth the fer,, e.g.,
shares air spacea@%?ﬁﬂPﬁanéP%$§5$ﬁ§P§ﬁgggﬁﬁai éﬁﬁp%ﬂgaéﬁngﬂg e%%ﬂﬂgggkin
ot her teChﬁKﬁv@&Mewﬂﬂ%@1‘%&?5%@?@@&@5&&6fﬁt@f'&:‘l@ls ibSizédrpor tant. For
exanpl e, the present invention can be used to renpve contam nation on

parts used in the space program or other high technol ogy areas such as

f [ , ti i | ect [ VS, f]at- |
o1 ocesel ng. sol - ool PR SRBHBE SomBuitids Tabe TheRupta ke L A0kRE B8 ¢ nat

the aforenentioned listing of exenplary areas where the present invention
may be used is not intended to represent an inclusive |isting.
Furthernmore, it $houl Ghbeleappg eonpowd dffvdtim &, véevear e b isudedt 12t he
exenpl ary description herein can be generalized to represent essentially
any other structure, such as a substrate, a part, a panel, etc. [0059]

Wi l'e this invengion hﬁ@d@@ﬁiag@@ﬁ%b%ggf ERirh 87 WheRtn ﬁ%%ft?'a%iﬁqughﬁﬁ@h%m it

will be appreciated that thoSe s in the art upon reading the

precedi ng sthecgbugathgnisngaed lagtaidplmgict beade anlengdingildit, Heaknize avaahidouis,

alterations,cﬁgditions, gernutations and . . L :
gadoleic, curcic, butyric, caproic, caprylic, myristic, margaric, behenic, lignoseric,
myristoleic, palmitoleic, nervanic, parinaric, timnodonic, brassic, clupanodonic acid and

mixtures thereof.

5. The cleaning compound of claim I, wherein the fatty acid has a particle size

distribution between about 50 nanometers and 5000 micrometers.

G. The cleaning compound of claim 1, wherein an acid moiety of the fatty acid

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

7. The cleaning compound of claim 1, wherein the fatty acid is melted prior to

being added to the water.

8. The cleaning compound of claim 1, further comprising:
about 0.1 weight percent to about 10 weight percent of another fatty acid dispersed

in the water,



equi val ents thereof. Therefore, it is intended that the present invention
includes all such alterations, additions, pernutations, and equival ents as
fall within the true spirit and scope of the invention. In the clains,

el enents and/or steps do not inply any particul ar order of operation,

unl ess explicitly stated in the clains. 234 Wiat is clainmed is: CLAIMS 1.
A cl eani ng conpound, conprising: about 0.5 weight percent to about 10

wei ght percent of a fatty acid dispersed in water; and an anount of a base
sufficient to bring a pH of the fatty acid water solution to above a |evel
wher e about 50% ot t heh diediwst Sedeahingtasubsiale icomiponinged. 2. The cleam ng
conmpound of claim1 Wneren hefa a dIS stearj c acid.

cl eani ng conpoundPBNE & Gy Sl%é‘?‘%ﬁ“ dﬁ‘r’i“é"‘a}ﬁoltﬂm‘_dﬂo@bl%d "FHE %F@&ﬁﬂng
conpound of igln@kdbit, hmrt@'a”sutr{'ﬂ@e B@ttﬁeys@ﬁh?tel the>ye noc% ﬁqn{lsrcﬁﬂ%otqgﬁl R a

consisting of lauric, palmtic, stearic el c ni c,

ar achi doni ¢ plurght}'obféldmpletm rdmpe;secﬂ)umwtn ahe dagr ﬂmﬂtsctbammhidp ,thdfkéfriuwﬁérc further
margaric, behenic, nose i C, ristoleic, palmtoleic, nervanic,

parinaric, W&&Sh?je rtigles isfributed ViR st immisgibdnldauidi xt ur es t her eof . 5.
Th | i ft t
The e o, comag of o e 0EES Q5 e o TP

cl eani ng conipooiredofohe eblad parﬂwley\kizﬁhﬁi ah idkeratiod rﬁ@%e&iﬂé @htdnflBardtdintife dGELe ors
selected froma_group consisting of carbonic, fonic, and phosphonic

moi eti es. 7eTHESENEHIng conpound of cl ai m 1, wherein the fatty acid is

mel ted prior to r&ﬁbﬂg ?tgedgrge &Othg @81680’3 § ?mle thtd tg‘gg%‘@ﬁﬁ?@hp g'B fﬁﬁg@?%fhtpe

claim1l1, fukther conprtrsing
percent of aulgther fatty aci d d| sper sed |n t he water.

10.  The method of claim 9, wherein the first immiscible liquid is a polar solvent

and the second immiscible liquid is a non-polar solvent.

11. The method of claim 9, wherein the first immiscible liquid is a non-polar

solvent and the second immiscible liquid is a polar solvent,

12. The method of claim 10 where the polar solvent is selected from the group
consisting of water, acetic acid, formic acid, methanol, ethanol, n-propanol, n-butanol,
isopropanol, acetone, acetonitrile, dimethylformamide, dimethyl sulfoxide, and mixtures

thereof.

13. The method of claim 10 where the non-polar solvent is selected from the
group consisting of an aromatic hydrocarbon solvent, an aliphatic hydrocarbon solvent, a
cyclic hydrocarbon solvent, a ketone solvent, a carbonate based solvent, a halogenated
hydrocarbon solvent, an alcohol solvent, an ester solvent, an ether solvent, an amine

solvent, and mixtures thereof.

14. The method of claim 9, wherein the solid particles are agglomerates of a

surface active material.



9. A nmethod of cleaning a substrate, conprising: applying an enul sion
having a first immscible liquid conbined with a second immscible |Iiquid
to a surface of the substrate, the second inmscible liquid form ng a
plurality of droplets dispersed within the first immscible liquid, the
emul sion further having solid particles @bstributed within the first

imm scible liquid; applying a force having a normal conponent to one of the
solid particles to bring the one of the solid particles within an
interaction range of a contam nant on the surface of the substrate; and
renovi ng the oneldf t Héeswithall plaslsined ewhardintthe sdahpatitieante firsodispenedgntiiace
of the sub§.t rate. 1th .Th.% mﬁt hod oéi claim9, wherein the first inmmscible
liquidis a Boramisglclinyid ayd dhenpmodified ybserfestitateeiiivguid is a non- pol ar
solvent. 11. The nethod of claim9, wherein the first immscible liquid is
a non-polar solvent and the second immscible liquid is a polar solvent.
12. The nethod ofi6cl allire bixtvduesfeldilnel ottareis tevsetitl pagicts|ecinediffed aobedigne
group consi s%i ntga of Water , acetic acid, formc acid, nethanol, ethanol,

n- propanol , S¥as6EERMA trough dyeRioRol | acet one, acetonitrile,

di et hyl f or mam de, di nethyl sul foxide, and m xtures thereof. 13. The

nmet hod of claim 10 where the non-polar solvent is selected fromthe group

consi sting of anlaron@hé enduydr SCAsiBO NG, Sohte e iodiZa@di Rattiatdytiapeal hepH
solvent, a cyclic hydrocarbon solvent, a ketone solvent, a carbonate based

sol vent, a Rbihsdesiamadscipgdigsidar bon sol vent, an al cohol solvent, an ester
solvent, an ether solvent, an amne solvent, and m xtures thereof. 14. The
met hod of claim9, wherein the solid particles are aggl onerates of a

surface active mpgeri The méthodld clalh®, m{ﬂwgo@bﬂghgi m 9, wherein the solid
particles are first dispersed in the first inmmscrble liquid and then

modi fied to becortdisup thiskinaniscipé liqed ke finst frsdscobndinamiseib liguidr b thitche
sol i d parti lcl’Il]I%ISSCI%Iiee HEE%I fo'rr%‘ijng:[ 2 P 5'\1%?1{?3 of droplets dispersed within the first immiscible

liquid.

19. A system for cleaning a substrate, comprising:

a cleaning head configured to be disposed over a surface of the substrate, the
cleaning head having multiple cleaning portions; and

a cleaning solution reservoir supplying a cleaning solution to one of the multiple
cleaning portions, the cleaning solution having a dispersed phase, a continuous phase and

particles dispersed within the continuous phase.

20.  The cleaning system of claim 19, wherein the cleaning head includes a
rinsing portion and a drying portion, downstream from the one of the multiple cleaning

poriions.

21. The cleaning system of claim 19, wherein the dispersed phase and the

conlinuous phase have common physical states.

22.  The cleaning system of claim 19, wherein the cleaning solution is stored
under pressure in a single physical state in the cleaning solution reservoir and delivered at
atmospheric pressure in multiple physical states to the one of the multiple cleaning

portions.



surface active through ionization. 17. The nethod of claim 16, where the
ionization is initiated by raising the pH of the first immscible |iquid.
18. The method of claim9, further conprising: adding a third imm scible
liquid to the first and second imm scible liquid, the third inmmscible
liquid forming a plurality of droplets di2persed within the first
immscible liquid. 19. A systemfor cleaning a substrate, conprising:. a
cl eaning head configured to be disposed over a surface of the substrate,
the cleaning head having nmultiple cleaning portions; and a cl eani ng
solution reservoir supplying a cleaning solution to one of the nmultiple
cl eaning portions, the cleaning solution having a dispersed phase, a
conti nuous phase?and 1PafiesureysEnsyfeduyl Wivthsrein theeleams vad sty 20.
The cl eaning system of claim 19, wherein the cleaning head includes a
rinsing portion and a drying portion, downstreamfromthe one of the
mul tiple cleani @), poTkd elkaning bystdrhefadlgani Nowhssinetie Alcadlrdi MBad9s id@hablen
t he di spersed phase and the continuous phase have comon physical states.
22. The cl g&hiifgtaipesabstgie.cl ai m 19, wherein the cleaning solution is
stored under pressure in a single physical state in the cleaning solution
reservoir and delivered at atnospheric pressure in nmultiple physical
states to the ongs, of Ttk@cl_eu{iﬁ%@}saa@beai@irﬂg9, PABLet OIS - clekingZsdl utionds Glgs¥dNg
system of claim 19, wherein the cleaning head is stationary. 24. The
cl eani ng sytstaglpagiftwel cditlm moltipldhdeasing pdreord. eani ng head is noveabl e
relative to the substrate, 25. The cl eaning system of claim 19, wherein the
cl eaning solution is supplied to at least two of the nultiple cleaning
g?ri Ih gn& 26. Thgs cl eppd REaagt 8RIcA of| @i 19, WRERI M tdigceaPsisebPhRS €
cleaning solution provides a force to direct the particles proximate to any contamination

disposed on the substrate.

27.  The cleaning system of claim 19, wherein the dispersed phase forces the

particles to within about ten nanometers of any contamination.

28, A cleaning solution for cleaning a substrate prepared by a process
comprising method operations of:

adding a fatty acid to isopropanol while agitating to achieve a dissolved fatty acid
concentration between about 2% and about 20% by weight;

removing any undissolved solids from the isopropanol solution;

mixing the isopropanol solution with water to precipitate the dissolved fatty acid,

and ionizing the dissolved fatty acid.

29, The cleaning solution of claim 28, wherein the fatty acid is a mixture of

stearic acid and palmitic acid.

30. The cleaning solution of claim 28, wherein the method operation of
removing any undissolved solids from the isopropanoel solution includes,

filtering the isopropanol solution.



cl eaning solution provides a force to direct the particles proximate to any
contam nation disposed on the substrate. 27. The cl eaning systemof claim
19, wherein the dispersed phase forces the particles to within about ten
nanoneters of any contam nation. 28. A cleaning solution for cleaning a
substrate prepared by a process conprisipg nethod operations of: adding a
fatty acid to i sopropanol while agitating to achieve a dissolved fatty acid
concentration between about 2% and about 20% by wei ght; renoving any

undi ssol ved solids fromthe isopropanol solution; mxing the isopropanol
solution W th wager tThptRehipgkaluboh bEclding 38| Wiedeih @id Ye@6H Spera@itlof i0fzAI NI
the dissolved fatty acid. 29. The cleaning solution of claim28, wherein
the fatty aBiedlissglvgd matitagikingfudest earic acid and palmtic acid. 30. The

cl eani ng sol ution,of clai 8,. wherein the nethod operation of . renovin
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t he i sopropaggl solution. 27 31. The cleaning solution of claim 28,
wherein the method operation of ionizing the dissolved fatty acid

i ncl udes, adding a base to the isopropanol solution after m xing the

i sopropanol solutjon wt wat er.. .32. The eani ng sol ution of clajmZ?28,
wherein the meth op%%&%ﬁ“%ﬁd}l%@ of ¢lgm %pe\ﬂaﬁr@g&vwaﬁﬂpgpwa%@i jonizing

includes, agdifngoReR2RE 4R hBRdbSopropanol solution to bring a pH of the
i sopranol solution to “10,2 or greater after mxing the isopropanol
solution w th watdding 3Basclbeheisepripagplsolutiivh am bahg alpil of B2 isophoesdiutidieto

base i s NH4 and a concentration of the NHAOH i s between about 0.25% and
about 10% biV-%sr giggter after mixing the 1sopropanol solution with water.

33. The cleaning solution of claim 32, wherein the base is NH;OH and a
concentration of the NH4OH is between about 0.25% and about 10% by weight.



