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

| evel , transistor devices with diffusion regions are formed. In subsequent
| evel s, interconnect netallization lines are patterned and electrically
connect ed t%he transi stor devices to define 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 may include process gases, chemicals, deposition materials,

and |iquids, anong others. The varj Bta nants may deposit on the
waf er surface in particulate form parti cul ate contam nation i s not
renoved, the devices within the vicinity of the contamnation wll |ikely
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vul nerabl e tq toppling or, breaki ng when inpacted by a sufficient nechani cal
force. To Wﬁ?%lﬁq ﬁﬁgwe‘&&éﬁ’f"n@at@ﬂé@ﬂi ng problem the nove toward reduced

feature sizes_ ) ) o
[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
paiticulate contamination is not removed, the devices within the vicinity of thc.ad
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 quifé
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



al so causes a reduction in the size of particulate contam nation that may
cause damage. Particulate 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, etc. Thus, efficient ahd non-damagi ng renoval of

contam nant s during nnden1sen1conductor fabrication represents a continuing
challenge to be nmet by continuing advances in wafer cleaning technol ogy.
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to a surface of the substrate. The second inmScib liquid fornms a
plurality afthdroppetsl dicpenssiaciting discursed alume |’ﬂmssamjbteehmolqgu tequaing t he
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the solid particles to bring the one of the solid particles within an
interaction range of a contaninant oBUMMARK f ace of the substrate. The
one of the solid particle and the contam nant are removed fromthe surface
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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

is 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.



solution reservoir supplying a cleaning solution to one of the nmultiple

cl eaning portions. The cleaning solution has a dispersed phase, a

conti nuous phase and particles dispersed wthin the continuous phase.
[0008] In still yet another enbodi nent, a process for preparing a solution
for cleaning a substrate is provided. TRe process includes preparing a
solution of a fatty acid in a solvent wthin a specified concentration
range and adding water to the fatty acid solution. The process also

i ncl udes stabilization of the solution by adding a surface-active substance
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material fQE,.r Vi n ont am nation froma sem conductor wafer, in
accordance%mnhtﬁgg%mg%ﬁg%&a Hit of the present invention. [0012] Figures
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[0015] Fig chenmatic diagramillustrating an aggregate
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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.

f0013] 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.



[0016] Figure 6Ais a sinplified schematic diagramof a top view of a
systemfor cleaning a substrate in accordance with one enbodi nent of the
invention. [0017] Figure 6B is a sinplified schematic diagram of a side
view of the systemdepicted in Figure 6A for cleaning a substrate in
accordance with one enbodi ment of the in¢ention. DETAILED DESCRI PTI ON
[0018] In the follow ng description, nunerous specific details are set
forth in order to provide a thorough understanding of the present
invention. It will be apparent, however, to one skilled in the art that
t he presenf00il4Y Eignicos isrmysimqaiiﬁc(hschwmﬁcvdiagwntil]sstrmingra gtaph alepictihg $lee net
specific details. In other instances Qcess operations have
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t hese cl eaning applications may ded to any technol ogy reqU|r|ng

t he r enovatmbbdinent efithe@vestiof.r om a substrate. As descri bed below, a

cl eani ng sol ution having a continuous phase and a dispersed phase is
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phase. As used herein, the dispersed phase ref ers to elther gas bubbl es
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or liquid droplets dispersed throughout the continuous phase, e.g. with
reference [01ANFiymd 6B ana simpléficdnschembticldiageinf b4 side vidvaof tHeaysteini dipicted
particles) dispersed through the continuous phase. In one enbodinent, the
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to the contamnant in order for the solid particles and the contam nant to
interact to eventually renove g [0020] Figure 1 is an
illustration show ng a physi cal ng material 101 for
renoving c ! f e " 0]
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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 continuous phase. In one
embodiment, the dispersed phase provides a vehicie 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.



continuous liquid medium 107 can be either agueous or non-aqueous.
Dependi ng on the particular enbodi nent, the imm scible conponents 111 can
be defined in either a gas phase, a liquid phase, a solid phase, or a
conbi nati on of gas, liquid, and solid phases. In one enbodi nent, the

i mmi sci bl e conponents 111 are defined asSa mixture of inmscible
conponents 111, wherein each inm scible conponent 111 within the m xture
has either a common physical state or a different physical state. For
exanpl e, in various enbodinents the physical states of inmm scible
conponent s[029] Wiguhd his dneillpitration ehowingraphysichl dagremmb arcdsaningdtersd A01 fied ude
a gas and a liquid, a gas a solid, a liquid d a soli or an
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the continuous |iquid nmedium 107.¢&L0022] adIit shoul d bé understood t hat
dependi ng partichler pabodiondnr the ribuiiserblet compranents| 11d caphp elelineds inl dhegi ¢ gan
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properties suc el'asticity an asticity can vary anong different

types of sobmpomenmpbiiemtherel®daoki ittrhiscibleeconmpomant g wihierthamidi0dk. has either a
Additionally, it should be un stood that in yarious. enbodinment t he
Sol T o combuEmeS TOSCdaren et ATTaut ARy ForulRic s vgiow inbodiments
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positioned in either close proximty t r contact with fhe surface of
waf er 105. 2peRibipation efymultig %?é@m&ﬁ%l%‘g?%ﬁ?’gﬁ&“gilﬁ%m Sf’h‘és'sol id conmponents
109 shoul d not cause danmage to the wafer 105 surface during the c|eaning
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establishi P‘%pgcq iohhleer %&gtlm%%uw l‘iquli& hneleacl&rﬁt i8’7 .nam O%QBexcmplaly embodiment, the
immiscible components 111 are defined as gas bubbles within the continuous liquid
medium 107. In another exemplary embodiment, the immiscible components 111 are
defined as liquid droplets within the continuous liquid medium 107. Regardless of the
particular embodiment associated with the continuous liquid medium 107 and immiscible
components 111, the solid components 109 are dispersed in suspension within the

continuous liquid medium 107.

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

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



material present on the wafer 105 surface when positioned in either close
proximty or contact with the contam nant 103. For exanple, the size and
shape of the solid conmponents 109 should be favorable for establishing the
i nteraction between the solid conponents 109 and the contam nants 103.

[ 0023] The solid conponents 109 within tfe cleaning material 101 shoul d be
capable of interacting with contam nants 103 on the wafer 105 while
avoi di ng both adhesion and damage to the wafer 105. In addition, the solid
conponents 109 should avoid dissolution in the liquid nedium 107 and

shoul d havéemisgnfarcrl 1Qinstdutthbe ¢dpgblevdtveidily ashergheprorthe surfacerof 5@ d®S t he
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i ncl usi ve tomponehts bAthehouddribedianemble, for lestablishine Senjierection bgyyeemihe salie a
form not specifi caI]ILOé i gent I fied heribg. Therefore, the point to understand
is that t&ERHINE 1038 tES \0%e defined as essentially any solid
material capable of functioning in the manner previ,ous(lﬁ/ de (gri bed with
respect t o[40R31 The sokid semperenis 10 within Rgredeaningsmaiesal él"éﬂﬁli RF GAPRDE €03,

[ 0024] Sone exenplary solid ¢ ent ' ' i LAlS
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present at a concentration that exceeds its solubility limt wthin the
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any acid defined by organic conpounds in which carbon atons form open,.
chai ns. A Hiptpantsimay be added sonphes ligpidamediupp 8T ite enable dippgrsion 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-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



can be used as the solid conponents 109 wthin the cleaning material 101.
Exanpl es of fatty acids that nay be used as the solid conponents 109
include lauric, palmtic, stearic, oleic, linoleic, linolenic,

arachi doni c, gadoleic, eurcic, butyric, caproic, caprylic, nyristic,
margaric, behenic, lignoseric, nyristolei’lc, palnmitoleic, nervanic,
parinaric, timodonic, brassic, clupanodonic acid, |ignoceric acid,
cerotic acid, and m xtures thereof, anmong others. In one enbodi nent, the
solid conponents 109 can represent a mxture of fatty acids defined by
vari ous caclkaring kffectivenesy tabsocenddewith magafticnbar Golid tomporent 1@ &éterialanpoag i ¢
acids are defined by essentially any organic acid that includes one or nore
car boxyl gawﬁgwtlwfrbemmﬁe@i&némqﬁsanwﬁ HeRSs 109, the
carboxylic acids can include m xtures of various carbon chain | engths
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defined byj#flRrl eiheZehter, 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 pal;ticular 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



water in one enbodinent. In another enbodi nent, a non-aqueous |iquid nmedi um
107 can be defined by a hydrocarbon, a fluorocarbon, a mneral oil, or an
al cohol, anobng others. Irrespective of whether the liquid nmedium 107 is
aqueous or non-aqueous, it should be wunderstood that the |iquid nmedium 107
can be nodified to include ionic or non-Bonic solvents and ot her cheni cal
additives. For exanple, the chem cal additives to the liquid nedium 107
can include any conbi nati on of co-solvents, pH nodifiers, chelating agents,
pol ar solvents, surfactants, amoni a hydroxi de, hgdrogen per oxi de,

hydr of | uor ihe lawidimeditigt Heihsich yhad tinostligdnoomypdnents 469 aseid dlureping gegethsdifid er s
such as polyners, particulates, and.po eptides. 028] As previo y
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dropl et s diglpaisesd biheotigheivil additbres.o For euample] ihguihemied iadditiv6:7to thiadigeid
the liquid droplets are immscible within the Iliquid nedium 107, The
liquid def metiwgp dXE caminchrderny copbitientod co-selvents. BE mp » Phfdating agents,
reactive. r | e I ght e s .
nexane.  nepiiah oreRsy sorfel it TGS My d e nid i perbile, nARBRANE acid,
inert |iquictkafrRthyiifimonios kiRoxitiemansicihbblegy angibfers tsackl 3 polyhers ipartichiates,
l'iquid nmedium 107 is aqueous. In another exanple, oil soluble surface

nodi fi ers awd/pYEpapsides-as a reactive liquid for defining the inmscible
conponents 111. 9 [0030] During the cleaning process, a dowmmward force is
exerted on[G028] gal pevioostpomentigied, 1 @@ wnnkicible lvemiponerntsl Ihddwithinl 7 deahng hat
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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.,
Ny, Ar, etc., or reactive, e.g., O, O3, HyO,, air, H, NH3, HE, 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
liguid medium 107. The liquid defining the immiscible components 111 can be either inert
or reactive. For example, a low-molecular weight alkane, e.g., pentane, hexane, heptane, .
octane, nonane, decane, or mineral oil may be used as an inert liquid for defining the
immiscible components 111, wherein the liquid medium 107 is aqueous. In another
example, oil soluble surface modifiers may be used as a reactive liquid for defining the

immiscible components 111.



conmponents 111 within the cleaning material 101 provide the nechani sm by
which the downward force is exerted on the solid conponents 109. Wen the
solid conponent 109 is forced within sufficient proximty to or contact
with the contam nant 103, an interaction is established between the solid
conponent 109 and the contaninant 103. The interaction between the solid
conponent 109 and the contam nant 103 is sufficient to overcone an

adhesi ve force between the contam nant 103 and the wafer 105, as well as
any repul sive forces between the solid conmponent 109 and the contam nant.
Ther ef or e, [008@NDutisg thel dlehninpoprpcesed ddwdward forse ésiexenag ohtherselecomafonents 05,
t he contam nant 103 that interacted 109 is. al so
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i nm sci bl e conponent 111 within the liquid medium 107, whether gas bubbles
or |iquid bsteptreths, sdidscomponsstoti9a st theuronteesinarg B os suffieésnt flo cecrcomhen t he

I mm sci bl e conponent 111 is pressed do rd agains he sqglid conponent
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force (F) solls'dafucil he sGRIBORGRent 089 AR IS SANBMRLAL PR huheR ihelsliar mal
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105 and cogimponeani0d 3moked eway fiom tleneafentioflj te montapdieanit 108 rtbattinpracted
bet ween the_solid_conponent 139 %{’sld conéam’ nant
tf]1'0 il

03 _o r.s en the solid
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enbodi nment [ | Wi t hin about 10 nanoneters. In another
enbodi nent ,lostﬁecﬁaﬁ%(girg@ﬁﬁ%ﬁmﬁ%ﬁ%én the solid conponent 109 and cont am nant

103 .th 1,d t 109. agt I . .anj t
103. i s 1R Highrss 72 plyir ABORIN e Pl B A8 FARE! £
engagi Ng CRAR (A& bntaPdhand 003 FRBB e TAR: 105,64 A6édr@ihck Arige oRe txBedimkitof
solid conponent 109 and the contam nant 103 is stronger than the force

connect i ngthehprescohimveitiemt Itisbauidde: wrelerssdast thabthe cigfaing walgriply10]; gepicted 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 (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.



an enbodi mrent where the solid conponent 109 binds with the contam nant 103,
a force wused to nove the solid conponent 109 away fromthe wafer 105 is
stronger than the force connecting the contam nant 103 to the wafer, 105.
Therefore, as depicted in Figure 2B, when the solid conponent 109 is noved
away fromthe wafer 105, the contaninant1l@03 bound to the solid conponent
109 is also moved away fromthe wafer 105. It should be appreciated that
because the solid conponents 109 interact with the contam nation 103 to
affect the cl eaning process, contamination 103 renoval across the wafer 105
will be dé¢Eidhe ndnrahw foetd batweersieisdlid oompperent 409 68d theecodiagtindn 102 ds

across the wafer 105 n referred enbodl he sol Qne s.109
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where nultiple solid conponents are provided. [0033] Interaction between
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physi cal interaction. For exanple, “in one enbodi nent, chem cal interaction
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conponent 109" can be malleable such that when pressed against the
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mechani cal chpabieeofbrieg devignedddior a specific purpose, i.e., targetmg 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



renmoval of the contam nant 103 fromthe wafer 105. [0034] Deformation of
the solid conponent 109 due to inprinting by the contam nant 103 creates a
mechani cal |inkage between the solid conponent 109 and the contam nant 103.
For exanple, a surface topography of the contam nant 103 may be such that
as the contamnant 103 is pressed into the solid conponent 109, portions
of the solid conponent 109 material enters regions within the surface

t opography of the contam nant 103 from which the solid conmponent 109

mat eri al cannot easily escape, thereby creating a | ocking nechanism
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t he contam na interaction forces that rely on deformation of the

lid 109 be reduced, It _shpul eciated th hysi cal
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between. [0036] In additionh to the foregoing, in one enbodi nent,
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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
confaminant 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



bet ween the solid conponent 109 and the contam nant 103 can be sufficient
to overcone the force connecting the contam nant 103 to the wafer 105.

[ 0037] In another enbodi nent, an el ectrostatic repul sion nay exist between
the solid conponent 109 and the contam nant 103. For exanple, both the
solid conponent 109 and the contaninant!2103 can have either a negative
surface charge or a positive surface charge. |If the solid conponent 109
and the contam nant 103 can be brought into cl ose enough proximty, the
el ectrostatic repul sion there between can be overcone through van der

Waal s at t r battveemthe Bokid fcompenend d0P edd ithe condarmimanis li3otan brosndbeienitto pyercomet he
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relative to the other resulting in electrostatic attraction. [0038] Figure
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cont am nant® he sem conduct or wafrer rication process,
i ncl udi ng Fhite 80tAdditiirallg, inCarpiiet efibbdingent,atht i ofathi diyuid madienrbdZatan be
contam nation, organic contam nation, photoresist debris, contam nation
fr om waf er adjusted i gorapaiispiadnK surkasel ChivaeLPIeRR 108 e 95 Pt f fhgselid component

contam natign. [0039].Th t hqd Fi ] ti or
i sposi ng. A0%rad RoghiparEifE riatyd) s BiSeriat RAWGPARR GRGEA & Mhaild d
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cleaning material referenced in the nethod of Figure 3 is the same as _
pr evi ous| y sudacerchivgd revertal redafpyede theptimrgaydidng)in ejoctrogidtic pacter ef ore, the
solid conmponents within the cleaning material are dispersed in suspension
wi thin the[0038UFigure 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



13 medium Also, the solid conmponents are defined to avoid damagi ng the
substrate and to avoid adherence to the substrate. In one enbodi nent, the
solid conponents are defined as crystalline solids. |In another enbodinent,
the solid conponents are defined as non- crystalline solids. In yet another
enbodi ment, the solid conmponents are repgBesented as a comnbination of
crystalline and non-crystalline solids. Additionally, in various

enbodi ments, the liquid mediumcan be either agueous or non-aqueous. [0040]
The nmethod al so includes an operation 303 for applying a force to a solid
conponent medibmi ndlsphise soliil dompomenteeare defingd ro prods daineging she subsiatgrand4nt
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the 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



14 solid conponents already settled toward the substrate, will serve to
enhance novenent of the solid conponents to within proximty of the
contam nants on the substrate. [0042] In various enbodi nents, the

i nteraction between the solid conponent and the contam nant can be
establ i shed by adhesive forces, col lisidf forces, attractive forces, or a
conbi nati on thereof. Also, in one enbodi ment, the nethod can include an
operation for nodifying a chem stry of the liquid nmediumto enhance

i nteraction between the solid conponent and the _contam nant. For exampl e,
the pH of sdlid domponentsralieady setiled sewardghe sulistrate wilh serae o eplpeeMOKeE Olon
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solid conponents in-situ on the wafer fromliquid-Iliguid suspension.
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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



I's renoved fromthe substrate. In one enbodi nent, the nethod 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 _nethod of the present invention
for renoving contam nation from a subst ddte can be I mpl enented 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 an interaction with the contam nants to be renoved. [0046]
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represent ssolidsgognpaments e?f\/\%_% rFlﬁr?&%rt% E‘Ia@?af) fhat %%f@ﬁa&?%?m& e‘?S&}PTIF% an
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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 nef 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



pl otted, above if repulsive and below if 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 height of energy barrier
409 indi cates how stable the systemis. In order to agglonerate, two
particles on a collision course nust havk® suf ficient kinetic energy due to
their velocity mass to junp over this barrier. If the barrier is cleared,
then the net interaction is all attractive and as a result, the particles
aggl onerate. This inner region 407 is referred to as an energy trap since
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critical mcellar tenperature. As is generally known surfactants are
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where a non-p vent used in the continuous p ase,

groups -wi | forfrowherd h@oﬁ@ifn&'aﬁibn oh eunfiactat lie greated 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



t he hydrophobic groups remain on the surface of the mcelle, i.e. a reverse
mcelle. Thus, 1in one enbodinent, the mcelle 109 represents an

aggl onerati on/ assenbly of surface- active nol ecules that may function as
the solid conmponents 109. O course, it should be 17 wunderstood that this
is just one exenplary enbodi nent and that? solid conponents may be forned

t hrough ot her techni ques nenti oned above. [0049] Described bel ow are

exenpl ary techni ques for manufacturing the cleaning solution. It should be
appreci ated that these are exenplary techniques directed at the use of
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The concentration of the NHAOH can range between O. 2596and 10% by melght
The st ear i Bixgd{dissptiedin fhaaom-palenéplieat.i s stirred for an additional 20

m nutes to forma honbgeneous solution. The solution cools to anbient and
sits for 10 hours and over tinme a precipitate forns, 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 conponents) is

EXAMPLE 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 continuocus
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 (NH4sOH). The concentration of
the NH4OH can range between 0.25% and 10% by weight. The stearic acid/water/NH,OH
mixture is stirred for an additional 20 minutes to form a homogeneous solution. The
solution cools to ambient and sits for 10 hours and over time a precipitate forms, i.e., the
solid components. During stirring, air can be entrained into the mixture but it is not
necessary. ‘The size distribution of these precipitate particles (solid components) is

between about 50 nanometers and 5000 micrometers.



bet ween about 50 nanoneters and 5000 mi croneters. 18 EXAMPLE 2 [0051] The
granul ar stearic acid is mlled to a particle size distribution between
about 0.5 and about 5000 mcronmeters. Any conmercially avail abl e powder
mll may achieve this size distribution. The mlled Stearic acid (about
0.1% by wei ght to about 10% by weight) #8& granular formis added to water
whil e agitating the solution. The solution can be agitated by shafting,
stirring, rotating, etc. Dissociation 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 pKa is about 50% This occurs at
a pH of above 10.2. An exenplary base added to the solution to bring the
pH up i s ammoni um hydroxi de (NH4OH) . EBbeMPEmTentrati on of the NHAOH can
range between 0.5% and 10% by wei ght. Adding NH4OH to the aqueous sol ution
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non-solvent for the fatty acid) to precipitate a fatty-acid solid.” The
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distribution of these particles is between about 0.5 and about 5,000 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. Ionization 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 (NHsOH). The concentration of the NH4OH can range between
0.25% and 10% by weight.



[0053] Figure 6Ais a sinplified schematic diagramof a top view of a
systemfor cleaning a substrate in accordance with one enbodi nent of the

i nvention. Substrate 601 noves in a linear direction toward the cl eaning
head. The cl eani ng head includes a portiﬁn 603 configured to provide the
cl eaning solution. As described above, dfe cl eaning solution may be in the
formof a foamor an emnmulsion. In one enbodinent, the cleaning solution is
delivered froma reservoir, which nay or may not be pressurized. |If the
reservoir is_pressurized, the cleaning solution may be aerated and devel op
into a fod®0pdl BguredAisi aimplified seheratic diagrm of 8 490 W§WIRLASYSieios clepring
reservoir i1s,not pressurized,.the cleani l. ut | &
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cl eaning solution with portion 6%)5_sandvm' ched in between the two portions
603. Thus, anddomer lows veperf prpssuae i lsnwd sueh aasaisontopel flsoheh ANy shenld tBe

descri bed herei.n. .[,0054] . Fi gur.e 6B 1 .Si Vi f ' f
Fi gure 6A. a@r%c&ﬂpc}'gha%pg boq,sg%ssﬁ@p?(?édva}[%h %%r‘t".c%%d @8¥k§ea%§@@o%ﬁ é;ag%x\;g_
DI W and/ or , 5088 6UN&l onbi drbdd@mente aniy grovife i Slehningaietiscusr md degl be the
portion 605. Vacuum nay optionally be provided to fglort ion 605 also to

provi de a memimitysleming bead swmeinby the crssigaes andrianberd dagspibrd Jni b8 gesow
e T o fetenced Shplilitichs HRfaTN! i B ¥Rt Sl War Wbrall" ©

601 may rotate and/or rotate and move linearly. Alternatively, the cleaning head may

move over substrate 601 while the substrate is stationary or also moving. In yet another
embodiment, the cleaning may be performed in a cleaning compartment where a single
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 andfor IPA are provided fo portion 607. Here again, while



20 Figures 6A and 6B are illustrated wwth respect to a sem conduct or
substrate, the enbodinents nmay be extended to flat panel displays, solar
cells, menory devices, etc. [0055] For additional information about the
proximty vapor clean and dry system reference can be made to an

exenpl ary systemdescribed in the U S. Péent No. 6,488,040, issued on
Decenber 3, 2002 and entitled "CAPI LLARY PROXIM TY HEADS FOR SI NGLE WAFER
CLEANI NG AND DRYI NG " For additional infornmation with respect to the
proximty head, reference can be nade to an exenplary proximty head, as
descri bed Figutese6d. sud GBitasatiliNgtratel onigh 7gspect 46 ue depncondpetenisabstsite, 20@3
and entitled "NVETHODS FOR WAFE ROXI M TY. CLEANI NG, AND DRYL.NG. " Faor

20di ¢ 1 onal STHPURFE Y BRHRNIED(p LB S Ao SEHS REREY GRUESSe 8 be nade

to the exenpl aré meni scus, as disclosed in U S. Patent Application No.
10/ 330, 843[0055] Ber eddiieedninéernmgion 28mpt hel ALMiIYed2pNENESEt 18d dYABOIM, | PA

VAPOR, DRYI NG MANI FOLD. ". F ddi ti |  inf ti, t ' K,
ref erence ‘Ef’gl?{e‘bcg%ﬁ & r?acgiclﬁgépaeﬁ%{lflg Onﬁgt.ehgfl%r@g%iz@?h?%g&@ﬁNﬁ’éﬁﬁ%’w 4,
2005 and  gRiddt b DecMabEHOBRS 2008 and THENE] FOR PP RITEIRONG Y SYBSTRATIE SHRING A

DYNAM C LI QUI'D MENI SCUS, " and U.S. Patent No. 6,998,326, issued on January
24, 2005 whdeEriEaNed: ANMHDRYGIABARRY Efitli NGl SCoSnSERARAT ra@peclDthe proximity

CONTAI NVENT. " [0056] In sonme contenpl ated enbodi mepts, t conti.nyou hase
or di sper sBffd SHEEECC Pt PE dRAIC Ro¥k CESMRBIHRIOX TR hegdt aégﬁé(irﬁ’ébéalt%‘ai{-gof
the hydr ocipanNbagls d77a! KAAGH BAREREPOUIS AlEeddiRICMEIRAUTIR Rk
conpri se carbon and hydrogen. It shou e understood that a majority of

hydr ocar bopr@mampuogsanaRe AnbRuiNg:", FBordadditiverab fiidoematams atpat dop tahdrbotater ;

however, there are a few h¥)dr ocar bon conpounds t hat cgﬂ%bg _co(_r]] iﬁer ed to
be as pol amesischgelerepes san Ppdhedfaioethe PFIHPSERINHHCES A3 e4ri 'Se aleny | y

br oken do ' GhRGE B RSES: I phaty lsi4C o .‘|ﬁm§gﬁgic
hydr ocar b\(l)\%pbgér%ghn@g' n@{/ cbnpfifgéabo kpéset?lrng%ﬁgk%#c g?nﬁizdg%o%ér?ds an ’
conpounds ViatnvameAbv arghakand Massobby oo additiond edforimaiey @aboutahegibas i c
hydr ocar bon conpounds are not_consi dered CéC|iC. Cyclic_hydrocarbon

conmpounds Eferengfosan benpasientds Ut dtatent gifpr §-9@83.427. issied h/abapadbotilx 83k

oriented in [y %rﬁ?' [ il ' i

hydr ocar boﬁn@})@r{rlpo‘}gﬁigdﬁéf ona ch‘tr y rocllgla(:?ldr5 olﬁliggfg\sgﬁﬁ(g ‘gé(rge t 16%%@%0%%\1&&

t hat conpr DN ARMETAQJUID MERESCUSTOa Urss PatehaNed 6/998326 wissued nslangdre 24| ng
I tinpl '

or MRl 5005 ngaid entitted "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



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

Contenpl ated 21 hydrocarbon conpounds include tol uene, xylene, p-xylene,

m xyl ene, nesityl ene, solvent naphtha H solvent naphtha A al kanes, such
as pentane, hexane, isohexane, heptane, nonane, octane, dodecane,

2- met hyl but ane, hexadecane, tridecane, p¥ntadecane, cyclopentane,
2,2,4-trimethyl pentane, petroleum ethers, hal ogenated hydrocarbons, such as
chl ori nat ed hydrocarbons, fluorinated hydrocarbons, nitrated hydrocarbons,
benzene, 1,2- dinethyl benzene, 1,2,4-trinethylbenzene, mneral spirits,

ker osi ne, hydibearhdrbeompommds imdudeytohmpéit Xiddren p;xybenky - xyleren enesitylgne isoleent
Parti cul arl con&_ﬁggpéat ed soJvents include, but are not limted to,
pent ane, hB ; VeHE Napiial dhedlkRes, BT, 8hH@CNIpRg. (NsKane, digphexanc, figptane,

T XUUr s OhofED! BAENdhbaReo’s ORIl HeRifechl! TElAhES jRABAULTEN. .

t he continuous phase 0or di sper'san rirse those ’conpounds t hat
are not copgiléinese AL YU-teinethidpenyaie Ofutohaim &thels| alofenardiydtiRaidons UGth &S

ket ones, which include fluorinated ketones, e.g., acetone, diethyl Kketone,
met hyl et hghlogasteshBydiesarbens, furrinated bydrorarbong ntkatedh bydraearbonso beivana dl .2~

al cohol s, ,ester whi ch 4 nel u | uori nat. sters, fluorinat nd

non-fl uori ﬂﬁ%ﬁylﬁg}zﬁ%%a?tg‘gﬁé%%ﬁylgg?ﬁ%ﬁnd@%g?gc#?%%’ p%%%@?eéngoﬁ'gty @’8%??18’ and
the like, galffisphittaicsd dhatoheife] 1igt@{ﬂeﬂéliaﬂ¢culﬁl3l”'&ﬁﬁenéﬂﬂﬁd%mv_@§t§ indMdeS But

i nclude fluorinated am nes. In yet other contenplate enbodi nents, the
cont i nuous agshaatdimited ics pensaat haxhas deptape ceyeholiesanca bengebe ntoluens, vflencamyd of

t he conpounds mentiongd heribn. Thus, where the continuous phase is a polar
sol vent suFHXHLES 5 cRmdInaansIBeroal. | i st ed non- pol ar conpounds may be used in
t he di spersed Bﬂase, as the non-polar conpounds are typically inmm scible

wi th pol ar [§7Y Emetder gynteraplated embodEneish-thpFetinganppliase o fisperpant piasg may t he

cont i nuous r.cC | licatd . r 5{,%95{ d e
used for tﬁ@&ﬁlﬁ%p_tehgé%(?%%g{sng@ @%gr?%ﬁ g?@g&%&?&g\?d g’gﬁ v(ge}ﬁ glygﬁs)l esrﬁvva e OP
i ncl ude acgémpowfis dsudhoagrketoned, dvhibRtihelnge fluekiRame | ketdires,né.gRaone, diethyl
n- but anol , isopropanol, acetone, acetonitrile, dinethylformmde, dinethyl

sul f oxi de, ketade,ningthik eyt ketoaefand |the dikeupigobals.appicicingluge fhwringthé algobpls, of

terial i ded, her ei . t Qb | . not. Liniting,
o0se] "t Rugn e BELB erRoRR e Auotnled Radloh ARG RR cafoihtied of
removing gaRpaiHdafich ds' RBh AR Bhbondy ah@thaviike! ethér, whRtl idclage WRderatood

that the previously described principles and techni ques of the present
i nventi on etarsbeandqaminey, agpch daclude fluorinated amines. yet other contemplated

émbodiments, 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, acetonittile, 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 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
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



cl eaning surfaces other than sem conductor wafers. For exanple, the present
i nvention can be used to clean any equi pnment surface used in sem conduct or
manuf act uri ng, wherein any 22 equi pment surface refers to any surface that
is in environmental communication with the wafer, e.g., shares air space
with the wafer. The present invention c23 also be used in other technol ogy
areas where contam nation renoval is inportant. For exanple, the present

i nvention can be used to renove contami nation on parts used in the space
program or other high technol ogy areas such as surface science, energy,
optics, meguipdhenC sudaveasfers MEME, suifaat tpanein grvimesentalcommuaicated with thenor y
devices, etc. It should be understood that the aforenentioned |isting of

exenpl ary VR s -Bntbies piepsealnthe walern libs protalt BEentor gan plgo Resadip SHEEd t o
represent tg@nhgo%uq?r%ﬁ/sfwhér ti g, 6{%’&& N Sf is hﬁ%o?&%" %P%xg:gﬂgeggﬂeefgﬁ?aﬁhat

t he waf er XEnp escription herein can Irzed to
represent jnessRnldadl beyubyiodehRve Thhtffiniion GUitsabsed 18 WS spaiecprograprdr, a
panel , etc. [0059] Wile this invention has been described in terns of
several endbeti hight schiidlogyi hfeap sucha pprovtfpes seicndga Lneghs 6P (Muspeleqtromes,ar t
upon readi e_precedi ng specifications and, studylng,t K aw WA
realize VM %ERTPQP B8 ?l?l&d%‘ii?fi : mﬁg'lo%fl%‘??eghétcag[& Sﬁ(ﬁ'&% ib\%éﬁng%??()d
thereof. Ltiongd tiStgneed R8s WhGS &Y prbdeviive&ibr 118 belggdal |
such altgpgﬁﬁéggﬁégﬁﬁﬂqﬁ ons, pernﬁtggﬁ%ns, and qu%vaIents as fggl Wi t hin
the true sipinot intaridd s mpeesentf ant inclusine dsting NFurtherore, i Ishould be @ppueeiated thatd/ or
steps do not inply any particul ar, order . of l%)erati ogé unl e]is expli citlty
stated in thpev F’é?ﬁé‘?“k?}l t%ﬁ’fcql%la‘é’l SFAR{Lqs erginap 4o gengta Ffeéia i frgresen
conpound, ecsgémi(réﬂig!aﬁ%bth@pgwct\ﬂe,%u\’:‘ﬁhQQEul%&EL%%‘ art @ PROUE10 wei ght per cent
i'spersed in f

of a fatty acl wat er; and an ahount” of a base sufficient to

bri gfat. i.d | i Qr .
200 of "1 holoban Wuls b Yol P Slen gt T sfims BB Y BimdliCti iy
claim1l p&#égaté@?hitathbéé qqiied s od @ﬁrlﬁgﬁ)nafbhdﬁng tBe praRdileegitifigattchiypaidnd

of claiml, rein the pHis about 10.2. 4. The cl eani ng conpound of claim
1, wher ei nstudyeng atht y dewiingsi svill etealize dvarionsn alterations, additions, permutations and

equivalents thereof. Therefore, it is intended that the present invention includes all such

alteratidns, additions, permutations, and equivalents as fall within the true spirit and scope
of the invention. In the claims, elements and/or steps do not imply any particular order of

operation, unless explicitly stated in the claims.



the group con
| inolenic, ar
nyristic, mar
nervani c, par

t hereof. 5. The cl eani ng conmpound of cl

particle size
m cr onet er s.

the fatty aci
and phosphoni
fatty acid is
conmpound of ¢
10 wei ght per

sisting of lauric, palmtic, stearic, oleic, linoleic,

achi donic, gadoleic, eurcic, butyric, caproic, caprylic,

garic, behenic, lignoseric, nyristoleic, palmtoleic,

i naric, timodonic, brassigLB cl upanodonic acid and m xtures

i"m 1, wherein the fatty acid has a

di stribution between about 50 nanoneters and 5000

6. The cl eaning conpound of claim11, wherein an acid noiety of

d is selected froma group consisting of carbonic, sulfonic,

c Whaids clegmedyis: The cl eani ng conpound of claim 1, wherein the
nelted prior to being adde the water. 8. The cl eaning

laim1, further conprisingiégaggt 0.1 wei ght percent to about

cent of another fatty acid dispersed in the water.

L. A cleaning compound, comprising:

about 0.5 weight percent to about 10 weight percent of a fatty acid dispersed in

water; and

an amount of a base sufficient to bring a pH of the fatty acid water solution to

above a level where about 50% of the dispersed fatty acid is ionized.

2. The cleaning compound of claim 1 wherein the fafty acid is stearic acid.
3. The cleaning compound of claim 1, wherein the pH is about 10.2.
4. The cleaning compound of claim 1, wherein the fatty acid is selected from

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

mixtures thereof.

5. The cleaning compound of claim 1, wherein the fatty acid has a particle size

distribution between about 50 nanometers and 5000 micrometers.

6. 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.



