1 Method and Apparatus for Particle Removal by Inventors Erik M. Freer, John M. deLarios, Katrina
Mikhaylichenko, Michael Ravkin, Mikhail Korolik, and Fritz C. Redeker, BACKGROUND [0001] There
exists a desire to reduce critical dimensions of features in products. As the features decrease in size,
the impact of contamination during processing of the features increases, which may produce defects.
Exemplary contaminants are particulates that include polysilicon slivers, photoresist particles, metal
oxide particles, meleald/} s Rﬁgmﬁlgiwpgmcﬁimﬁ@wpy molecules such
as carbon, hydrogen, and/or oxygen. Patticulates frequently adhere to a surface by weak covalent
bonds, electrostatic forces, van der Waals forqgsyfiydregen bonding, coulombic forces, or
dipole-dipole interactions, makingﬂremoval of thangarticulates difficult. [0002] Historically, particulate

contaminants havyd be¥énlrestioveltol adebritmmabion e Miro i Are i dbisanr A prdtesses. These

processes employ cleaning tools apgagerls that haYe apebRbIR of introducing additionally
contaminants during a cleaning process.

BACKGROUND

[0001] There exists a desire to reduce critical dimensions of features in products. As the
features decrease in size, the impact of contamination during processing of the features
increases, which may produce defects. Exemplary contaminants are particulates that include
polysilicon slivers, photoresist particles, metal oxide particles, metal particles, slurry residue,
dust, dirt, as well as various elementary molecules such as carbon, hydrogen, and/or oxygen.
Particulates frequently adhere to a surface by weak covalent bonds, electrostatic forces, van der
Waals forces, hydrogen bonding, coulombic forces, or dipole-dipole interactions, making

removal of the particulates difficult.

[0002] Historically, particulate contaminants have been removed by a combination of chemical
and mechanical processes. These processes employ cleaning tools and agents that have a

probability of introducing additionally contaminants during a cleaning process.

[0003] Another technique for cleaning substrate surfaces omits the use of chemical agents by
exposing the surface to high heat in to vaporize contaminants present thereon. The vapors are
removed by evacuating a chamber in which the surface is present. The high temperatures
required for this process limits its application to post deposition processes not involving
material having a structure that varies at temperatures proximate to the vaporization temperature

of the contaminants.

[0004] Another cleaning technique is disclosed in United States patent number 6,881,687 and
employs a laser-clean yield-enabling system. The system incorporates a laser cleaning
operation working in conjunction with a defect inspection operation cooperating to feed
information regarding the root cause of the remaining defects back to earlier process stages, for
correction of the root causes, with resultant improvement in yield. In a simplest configuration,
the particles remaining after a laser cleaning would be characterized as to their types, sizes,
shapes, densities, locations, and chemical compositions in order to deduce the root causes of the

presence of those particular particles. This information is used to improve the yield of



[0003] Another technique for cleaning substrate surfaces omits the use of chemical agents by
exposing the surface to high heat in to vaporize contaminants present thereon. The vapors are
removed by evacuating a chamber in which the surface is present. The high temperatures required for
this process limits its application to post deposition processes not involving material having a structure
that varies at temperatures proximate to the vaporization temperature of the contaminants. [0004]
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of the rgmaiking defecisuback dotesianpreressis@ge shéoudanedtiohof thenrodtj eaed es awith resultant
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avoids the presence of particulate UUMMA yﬁ?ﬁc%@:...f@@@%rface that has been subjected to a
cleaninqmoeﬁgsd&ﬂgéhﬁagéeta@f& a%gﬂh@F'hsgﬁﬂfa&cqﬂdﬁldg@efeyﬁqt%la&mﬁ&&e&Isﬁa substrate
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and remove the particulate contaminants. For lower velocities of the liquid jet, the entrained

coupling elements experience a fluid drag. This drag force can be transferred directly to the
particulate matter through interaction with the coupling element in which a sufficient force is
generated to remove the contamination. Thus, the present invention can also operate in flow
regimes where viscous forces dominate. 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

[0007] 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.



BRIEF DESCRIPTION OF THE DRAWINGS [0007] 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. 3 [0008] Figure 1 is a simplified side view of an
exemplary substrate cleaning system in which one @mbodiment of the present invention may be
incorporated; [0009] Figure 2 is a simplified top down view of an exemplary substrate cleaning system
in whicr{w})ﬂﬁgocﬁrhwa ointipéifizd saket imsreion mampkuincohyorétads JODL0YRigune 318 plan view

showmgoa Ilchllb r?tyetdt to reerglé%1 e %Irlttculate cgntamln%nt]? ({om a substrate surface in accordance
one emboalmento eh rese o menfl f%y Ti’—n u% lflIS demonstrating the relative
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accorda rﬁnth the sent [ éze]$1 ntion; 0012 F| ure 5 %glan view of a liquid employed shown in
Figure 4'def Or?stfélf* fﬁ?%? e&reﬁég BN 2 BRPHRGARS IRFIRREYS Ce of removing the particulate
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from a substrate surface in accordance one embodiment of the present embodiment;

[0011] Figure 4 is demonstrating the relative cross-sectional areas of malleable regions in the
suspension in relation to contaminants in Figure in accordance with the present invention;
[0012] Figure 5 is plan view of a liquid employed shown in Figure 4 demonstrating the forces
exerted on a particulate in furtherance of removing the particulate contaminant from the wafer
surface in accordance with the present invention;

[0013] Figure 6 is plan view of the liquid shown in Figures 4 and 5 demonstrating the barrier
region presented by the liquid to coupling elements entrained therein;

[0014] Figure 7 is a detailed view showing operation of a LAS shown in Figure 1, in
accordance with one embodiment of the present invention;

[0015] Figure 8 is a detailed view showing operation of a LAS shown in Figure 1, in
accordance with a first alternate embodiment of the present invention;

[0016] Figure 9 is a detailed view showing operation of a LAS shown in Figure 1, in
accordance with a second alternate embodiment of the present invention;

[0017] Figure 10 is a detailed view showing operation of a LAS shown in Figure 1, in
accordance with a third alternate embodiment of the present invention;

[0018] Figure 11 is a detailed view showing operation of a LAS shown in Figure 1, in
accordance with a fourth alternate embodiment of the present invention;

[0019] Figure 12 is a detailed view showing operation of a LAS shown in Figure 1, in
accordance with a fifth alternate embodiment of the present invention; and

[0020] Figure 13 is a plan view showing a liquid employed to remove particulate contaminants

from a substrate surface in accordance with another embodiment of the present invention.



[0013] Figure 6 is plan view of the liquid shown in Figures 4 and 5 demonstrating the barrier region
presented by the liquid to coupling elements entrained therein; [0014] Figure 7 is a detailed view
showing operation of a LAS shown in Figure 1, in accordance with one embodiment of the present
invention; [0015] Figure 8 is a detailed view showing operation of a LAS shown in Figure 1, in
accordance with a first alternate embodiment of the present invention; [0016] Figure 9 is a detailed

view showing operation of aﬁﬁls iﬂ%\ﬁﬂj inkllrlgl’ Q&Q B5PL Tﬁﬁmﬁ)ﬁecond alternate

embodiment of the present mvention, 10017 Fgtre-101s e detatted-view-strowing operation of a LAS

shown inobmy re) hdYacsRTaaaesWitioa thingaliernsie embedinaetsef tbareserdrinypriians [0018]
Figure 11 is a detailed view showing operation of a LAS shown in FigHure 1, in accordance with a fourth

alternatd"SrB8RIERIEHEHrELAnPIRYE dBYETBER df RidLbs dpPAreidME vt sR St R dperation

of a LASeh%hé?V\’cﬂdﬂtﬁé%E%‘elat inReERdanseowihailiih elisorie ambosdine et R RrrRs@RhiRvention;
and [0020] Figure 13 is a plan view showing a liquid employed to remove particulate contaminants

from a stifafieidnstitsee HeddemruaieskitPRAGIRISdMBoRMR sctatél Prd 4B detpildnsder not

to unnecessarily obscure the present invention.

[0022] Referring to figure 1 a system 10 employed to clean substrates 11 is positioned within a
clean room, a wall and floor of which is shown as 12 and 14, respectively. System 10 includes
a housing, opposed walls 16 and 18 of which are shown with a floor 20 extending therebetween.
System 10 includes a plurality of processing regions, shown as 22, 24 and 26, which are located
at portions of a tray 28 having recesses formed therein. Associated with each of processing
regions 22, 24 and 26 is a liquid applicator system (LAS) to deposit chemicals upon substrate
11 when present in one of processing regions 22, 24 and 26 in furtherance of cleaning substrate
11. Specifically, LAS 32 is associated with processing region 22, LAS 34 is associated with
processing region 34 and LAS 36 is associated with processing region 26. To that end,
containers of chemicals, shown as 42, 44 and 46 are selectively placed in fluid communication
with one or more of LASes 32, 34 and 36 vis-a-vis lines 47, 48, 49 and 50 and mass flow
controllers MFC 52, 54 and 56.

[0023] Containers 42, 44 and 46 are provided with the appropriate chemicals vis-a-vis a wall
supply 58 in fluid communication with the same over line 59. Wall supply 58 is in fluid
communication with storage tanks (not shown) of appropriate chemicals that are outside of the
clean room and, therefore, wall 12 to selectively place chemicals in storage tanks (not shown) in
fluid communication with containers 42, 44 and 46 through valves 62, 64 and 66. Although
only three containers 42, 44 and 46 are shown, as well as three valves 62, 64 and 66, many
additional containers and valves may be included to facilitate control of numerous chemicals
used in the processes carried-out by system 10. Exemplary chemicals that may be employed to
that end include isopropyl alcohol (IPA), carbon dioxide (CO), nitrogen (N»), ethyl glycol,
deionized water (DIW), ammonia (NHj3), hydrogen fluoride (HF), argon (Ar), oxygen (O,),
hydrogen peroxide (H,O,), hydrogen (H;), hydrochloric acid (HCl), ozone (O3), ammonium
Peroxide (NH4OH), and/or combinations thereof, for example, a de-foaming agent referred to

herein as SC-1 solution (NH4sOH/H,0,/H,0). Although not shown, system 10 may be



4 DETAILED DESCRIPTION OF THE INVENTION [0021] In the following description numerous
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 the present invention may be practiced without
some or all of these specific details. In other instanées, well known process operations have not been

described in detail in order not to unnecessarily obscure the present invention. [0022] Referring to
figure 1 eosydtetely D dnspibyefchioTlecdnumbbsratebolcbigrpbtitipnedwithirs gscimaldreawima 6&ll and
floor of which is shown as 12 and 14, respectively. System 10 includes a housing, opposed walls 16
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and mass flow controllers MFC 52, 54 and 56. [0023] Containers 42, 44 and 46 are provided with the
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outside of the clean room and, therefore, wall 12 to selectively place chemicals in storage tanks (not
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containers and valves may be included to facilitate control of numerous chemicals used in the
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ammonia (NH3), hydrogen fluoride (HF), argon (Ar), oxygen (02), hydrogen péeroxide (H202), hydrogen
(H2), hytirerihidribasdidlieianye desiae ©8)baimoRiRintBé repstiqNPI D) catididratd ibirations
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controlled by a processor 86 operating on computer-readable instructions present in memory 88
that is in data communication with processor 86. System 10 may also be connected to a local
area network, a metropolitan area network and/or a wide area network. Specifically, processor
86 is in data communication with LASes 32, 34 and 36, MFCs 52, 54 and 56, motor 78 robots
80 and 84, as well as pump 68 to control operations thereof.

[0025] Referring to Fig. 3, an exemplary liquid that may egress from LASes 32, 34 and 36
includes a suspension 90 having multiple regions, with differing flow characteristics so that the
flow characteristics associated with one of the regions differs from the flow characteristics
associated with the remaining regions. In the present example, suspension 90 includes a liquid
region 92 and a coupling element 94. Liquid region 92 has a first viscosity associated
therewith. Coupling element 94 may comprise rigid solid bodies, malleable solid bodies or
solid bodies having fluidic characteristics, i.e., solid bodies having a viscosity that is much
greater than the viscosity associated with liquid region 92. Coupling elements 94 are entrained
throughout a volume of liquid region 92 such that liquid region 92 functions as a transport for
coupling elements 94 in furtherance of placing coupling elements 94 proximate to particulate

contaminants 96 present on a surface 98 of substrate 11.



5 completely enclosed defining a chamber 67. To control the pressure in system 10, a pump 68 may
be placed in fluid communication with chamber 67. [0024] Referring to both Figures 1 and 2, substrate
may be supported in processing region 22 by carrier rollers 70. Other suitable technique for moving a
wafer may also include holding prongs (not shown)pa moving carrier tray (not shown), robotics and
tracks. In this example, moving substrate 11 to processing regions 24 and 26 is achieved by a robot 72
and a cafi@oklsydtegrl Gaenitr Butpsyisterhancitaes capableablenstage Zérseupbedtsd feliprocate
between oppo nds .of a pair of spaced-apart rails.76 and selectively pl substrate 11,
procesei i L S A G e 0 A TR BRI e e
necessamyniaocmotion empleknguglitabhédemeckisiisye g isweshredearsporddicecptnyelgeargsand the
like. Rol&grt 7t includes a$pair f handyp arms 80 to lift artld mov?ééjpstrate %l bsgwelen.rolf r carrier
70 and moveabie’s %189%6 AR IS hSunted ttoorreeéflﬁ)r\éec(é?él hetwvaEn prcr)((’:rélssslfﬁélcr%QMnsyﬁc and 24 along
a track 8Rewnoer eovi@iadhreotdrcdip Digpdsadmppositertatohbin/ 2 snay-beaonatigitasl robot 84 that
is the same design as robot 72. Robot 84 operates to remove substrate 11 from moveable stage 74
upon exiBrEBESMglRddis AMPBN BT BY PhE FHABIBLROIDIRSPRN SR D ATAGIECBY a2 processor
86 operating on computer-readable instructions present in memory 88 that is in data cammunication
with prodedasHBen Syutling semelf afsts eitbrsd cradhitha Yoearsirpdinethiiag fREopolitan area
network and/or a wide area network. r%,oecifically, processor 86 is in data communication with LASes
32, 34 afdlsder B 45CBANAhPESS fiotdhd BrEBBESer et Buhs aEIRL L ST EadE € ontrol
operations thereof. [0025] Referring to Fig. 3, an exemplary liquid that may egress from LASes 32, 34
and 36 iwaﬁ@@@glsﬁzfﬁé 815R do Favivgsrompidhepionis AR g d SlAENE HdRsHEs so that the
flow Cha{%%tggété‘:% i%%o%%t%\g vggrbggg dog (;[ll‘ll e é é}ﬁe%igeg? from the flow characteristics associated
with the remaining regions. In e present eXam le, suspension 90 includes a liquid region 92 and a
couplinggiemeri Qrbrifariel Fegian %hbasiallishpiscanivt apsoraiedtheewmthutauping element 94
may comprise rigid solid bodies, malleable solid bodies or solid bodies having fluidic characteristics,
i.e., soliddnedligadnavi6iis a Yiscosityothat ishoauchgreatdretbantdnenviscositycaasddiplied bitthdiquid region
92. Coupling elements 94 are entrained throughout a volume of liquid region 92 such that liquid region

92 functiHaEsEC ahHisorPRABBIBING eemehts ThGHGHMN faFkce fof BRAMAYROUBIRPER RSNt 94
proximate to particulate contaminants 96 present on a surface 98 of supstrate 11. 6 [0026] Coupling
ClementSGH BORILE Sheth AR M EHETARS ST SR MR ET O SEHSEIS8 hEgn
tra”Sfer5Huf§lﬁﬁ§%féﬁ{éhﬁ%@%rﬁ)'@.“@@odﬁinQ@Xﬁf&ﬁ@ﬂfn'M&éﬁmé&@aﬁﬁrﬁ%@%Qﬁ‘fé"cﬁ? vis--vis

coupling elements 94. Thus, it is desired to provide coupling elements 94 with a cross-sectional area

sufficieniiasfreraxaranaminantidudione suitasendt: Hitallyedha sppatcsegiianatraseaeal saupling
elements 94 is greater than a cross-sectional area of contaminant 96. In this manner, movement of

contamiffiift YT FQUBBRSEIFNSHAY Ror QB RINARAIN 0 PB4 3Ty ERHTR s tReraiitsiid, with the

understapdipg.thatdragJfaies ddineiidas boibrrfctignal forces ff, and normal forces, with the normal
forces including momentum. Drag force fd is a function of the physical properties and relative velocities

i =z
c AC

where A is the cross-section area of coupling element 94 and A_is the cross-sectional area of

contaminant 96. Assume, for example, that an effective diameter, D, of contaminant 96 is less
than about 0.1 micron and a width, W, and length, L, of coupling element 94 are each between
about 5 microns to about 50 microns. Assuming a thickness, t, of coupling element 94 is
between about 1 to about 5 microns, the ratio (or stress multiplier) could range between 2,500 to

about 250,000. This number will increase when the normal forces are included in the drag force
F , calculation. Coupling element 94, shown in Fig. 4, is discussed with respect to being a

hexahedron for ease of discussion. However, it should be understood that coupling elements
are of substantially arbitrary shapes and that the length, L, width, W, and thickness, t, referred to

above is the average value for coupling elements 94 in suspension.



associated with liquid region 92 and coupling elements 94. [0027] Friction force ff, , the tangential
component of drag force fd , on the surface of contaminant 96 is a function of the shear stress at the
contaminant surface multiplied by the surface area of the contaminant: ff, = TcAc. The friction force ff
acting upon the coupling element is the shear stres$ at the coupling element surface multiplied by the
surface area of the coupling element: Ff = A. A coupling element 94 in contact with contamination 96
directly {{RSEReTgngtiorttorde farhes(rtnefeontaimimamtrexpeti€noes aniapgpapbng shoaest84s that is

a ratio of ihe cOURIING SIGMEN! 94,18 AENIAINANLIP SUTace AeaS, SRERTally the apprent shear
force Tc, to which tontaminan experiencesiIsr=ry A'where A'is the cross-section area o coupllng

elementdrndsAs ISThenaresd; Sratianaldicocaixeontaainant 26 fAssUpadebexanRnibatsan
effective diameter, D, of contaminant 96 is less than about 0.1 micron and a width, W, and length, L, of

couplindéleitaint ouisrecsinad Bstigb shrh BRI B & fiteBIss o 4He PO B Yo HE N AK¥GrATRg I ENtHi GKness, t,
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range between 2,500 to about 250,000. This number will increase when the normal forces are included
in the dreig¥oraty fe ealeentard wihawplingiakaridntoonpEhpwayrigr betsatiscauplidatentesipétt to
being a and contaminant 96. The coupling mechanism that results is a function of the materials, and
properties thereof, from which coupling elements 94 and contaminant 96 are formed. Coupling
element 94 and contaminant 96 is sufficient to allow the transfer of a force of sufficient
magnitude to overcome an adhesive force between contaminant 96 and surface 98, as well as
any repulsive forces between coupling element 94 and contaminant 96. Thus, upon coupling
element 94 moving away from surface 98 by a shear force 7 contaminant 96 that is coupled
thereto is also moved away from surface 98, i.e., contaminant 96 is cleaned from surface 98.
[0029] One such coupling mechanism is mechanical contact between coupling elements 94 and
contaminant 96. To that end, coupling elements 94 may be more or less malleable than
contaminant 96. In an embodiment wherein coupling elements 94 are more malleable than
contaminants 96, the force imparted upon contaminant 96 is reduced due to deformation of
coupling elements 94 occurring from impact with contaminant 96. As a result, contaminant 96
may become imprinted within coupling element 94 and/or entangled in a network of coupling
elements 94. This may produce a mechanical linkage between coupling element 94 and
contaminant 96, fixing the relative position therebetween. Mechanical stresses may be
transferred of coupling elements 94 to contaminant 96, thereby increasing the probability that
contaminant 96 is broken free from surface 98. Additionally, a chemical coupling mechanism,
such as adhesion between contaminant 96 and coupling elements 94, may occur.

[0030] Where coupling elements 94 and contaminant 96 are sufficiently rigid, a substantially
elastic collision would occur resulting in a significant transfer of energy from coupling elements
94 to contaminant 96, thereby increasing the probability that contaminant 96 is broken free from
surface 98. However, the chemical coupling mechanism of adhesion between coupling
elements 94 and contaminant 96 may be attenuated, which may reduce the probability gained by
the collision.

[0031] In addition, to mechanical and chemical coupling mechanisms discussed above,

electrostatic coupling may occur. For example, were coupling element 94 and contaminant 96



hexahedron for ease of discussion. However, it should be understood that coupling elements are of
substantially arbitrary shapes and that the length, L, width, W, and thickness, t, referred to above is the
average value for coupling elements 94 in suspension. 7 [0028] Referring to Fig. 5, forces transferred
to contaminant 96 vis--vis coupling elements 94 oc@ur through coupling of coupling elements 94 to
contaminant through one or more various mechanisms. To that end, liquid region 92 exerts a
downwardhaveeioie sotplie ghakemahty $41Withidelitpindl e gibnco2l sdicts thmtidde glinghelements 94 are
gf.ughte é%h%ﬁs% % rré)éiBE{tMe%&é)n”Ea%tg l\rkt/%h Sonamyants cgogq{%%%&{ﬁ%% 281 YNSRcoupling element
is moved within proximity to or conta h contaminant 96, coupling may occur between coupling
elementoS4ranactntzmimaat @tg ddreanuphngmesheastidhdt skeulldbis radurection ofetoe materials,
and progertis thercof, fpm uiich, coupling slements 94 and contaminant 96 are formed, Goupling
element 92°aNd Cohtaminant 86 16 Sufficient to atow tRetranstér dfaforce br)fIStmlcienstpmagnitude to
overcomad@or adhesivetinioene heean stofian inantdtoanthsurface@8r asmiet 1goaby irejatsite forces
between coupling element 94 and contaminant.96. Thus, upan coupling element 94 moying, away from
Surtace B8 1) & SHOAPE R GH T 68 IS GRS et G0t AR5 e sorface
98, i.e., hoMiNantOm is cieaned dramsulifirae Rl R0 ri e s belveor pingpmeatizinism is
mechanical (f_ontact between coupling elements 94 and contaminant 96. To that end, coupling
elementSCYR &Y IFRHbPE BPIES AYRIRIARIAN A RN BEmFRDS FE U 47 U e OB L oupling
elementsdPgsnanpetermakbsable than contaminants 96, the force imparted upon contaminant 96 is
reduced due to deformation of coupling elements 94 occur{}i%g from impact with contaminant 96. As a

result, cHEMhiRXFAOE Y )P BedtRsatimprrtBenNRRIAOCEG Bt St E s U 2 E RARGRYIN a

networkit Geuplingue e mantpds (Bis MavaiPduepRPessRisainkagebaiueen aounling element
94 and contaminant 96, fixing the relative position therebetween. Mechanical stresses may be

transferfSerepPeEadivg erchmentd oW EariaidinBre o snerassrinransimgthe protarifothat
contamiﬁ@[)ngd%gﬁ)ﬁ@m{bfﬁa@ domrsiipga S8 i N Shemiesl ol RIR G Reshankmesuch as

adhesion between contaminant 96 and coupling eleménts 94, may occur. [0030] Where coupling

element&gcahel cg@dtﬁm ittt B hesrsoreicia RN pigial J8 @@ﬁét@ﬂméﬂlyoeiaﬁ@@@’rm splygldsoccur
resulting iy g RIGrUGRNt i ansier &f %_‘?@é’a%%[@, ?Ré’%i&%i‘é&?'&h%ﬂ&svgs“téos& ATIRARIR  HRIEDY

increasing the probability that contaminant 96 Is broken free from surface 98. However, the chemical
couplingunyexshralpiisati of eldhesidvehstwEbmedifisling ktbtieg g apdleosmbventantgaotaais.be

Zﬁg”ﬁ%ﬂgﬂ%ﬁg@ﬁ%@&@%&%&VO%‘HHEY ARG LE SRR b ATHOR 4@ gaochanical
g mechanisms discussed above, electrostatic coupling may occur. For example,
were coupdingeelegyenbd4iendwdnispohant®6particulates, and polypeptides.

[0033] Coupling elements 94 may possess physical properties representing essentially any sub-

state such that in addition to the properties set forth above, do not adhere to surface 98 when

positioned in close proximity or contact with surface 98. Additionally, the damage caused to

surface 98 by coupling elements 94 should be deminimus, as well as the adhesion between

coupling elements 94 and surface98. In one embodiment, the hardness of coupling elements 94

is less than the hardness of surface 98. Moreover, it is desired that coupling element 94

avoiding adherence to surface 98 when positioned in either close proximity to or in contact with

surface 98. Various embodiments coupling elements 94 may be defined as crystalline solids or

non-crystalline solids. Examples or non-crystalline solids include aliphatic acids, carboxylic

acids, paraffin, wax, polymers, polystyrene, polypeptides, and other visco-elastic materials. To

that end, the quantity of coupling elements 94 in suspension 90 should be present at a

concentration that exceeds its solubility limit within liquid region 92.

[0034] It should be understood that the aliphatic acids represent essentially any acid defined by

organic compounds in which carbon atoms form open chains. A fatty acid is an example of an



8 to have opposite surface charges they will be electrically attracted. It is possible that the electrostatic
attraction between coupling element 94 and contaminant 96 can be sufficient to overcome force
connecting contaminant 96 to surface 98. It should be realize that one or more the aforementioned
coupling mechanisms may be occurring at any giveh time with respect to one or more contaminants 96
on surface. In addition, this may occur randomly or be induced by having coupling element 94 formed
from diffdrehtmatadsietand havivg differeplinsheloawatrid etbimesspaiteondivelx ahpletectiostatic
repulsive interaction hetween the approaching coupling element 94 and the contaminant 96.may be
crron el B B R bR e of
suspendionl&fidinetacte diguid gedibeiQ 2ureivingeynis capityi b etpedic ainguit A cCantipoiscsefe)cto about

10,000 ?P. Moreover |I%lllld regé%? ql96%3ma be.a Newtonian fluid or.a on-Negtonlan fluid. Exemplary

materialsl%%sterrﬁ%y éllsetm(fxllC S |qufcfl ‘FeYﬁB‘r%?‘fh“cﬁﬂ&e JEORZE v{/%astsé(r:’( W%dfcﬁlrlgcag% on, a

fluorocaripanc@imicatatatbtioraail adadhoi-amd ¢ hieclike, budhgotieie, suspension 90 may include ionic or
non-ioni&%ggi] ts and Eh@r chemical additives. Far example, the chemical %g()t?gitives. u%[:l)e(Psion 90
can incl e%[n‘c?ﬂﬁﬁfﬁ RENNSP LS UBNIBRE BISH ot ABFE TERSIENNG BUSRYS PoriPsilriarme
surfactafiisnamioan i okide 1digdro grreRarnxfeia lydrafluesic acks. telgspedinylasarium
hydroxide, and rheology modifiers such as poI)F/ particulates, and polkﬁpeptides. 0033] Coupling

mers
elementdcdRs Ly predialy,AYLiNaanio Aeiide é'b‘f]é@&ﬁfﬂl?ﬁ TG SHPRRY SBUBEE R that in
additionvientheupsansiting et lahakovs, ge aabadneradrisuifatR 198 VhRURQSHORE IS close

proximity or contact with surface 98. Additionally, the damage caused to surface 98 by coupling

elementsrR8a1a e gibharisRdn SR W s thieusdridsitibétle e sCotifiry Rasiise ducand
surface9g.oBmembedingN b iphaidness AffRuRIRGAIS MaR, A5l lass thandheharingss of

surface 98. Moreover, it is desired that coupling element 94 avoiding adherence to surface 98 when
position e i . oupling

itionBBRCe AFOMEREAHIBRINSHYAY SMMG A Wik BUFfacetoso\Rifillys bR BRI Foupli
elements 94, mryie,AefigdAs rhmaling meligsRhaonrhy qling.s0lds Exqummles or non-crystalline
solids includé aliphatic acids, carboxylic acids, paraffin, wax, polymers, polysfyrene, polypeptides, and
other viseotupssnaaisamdivald. Penavhtihegphedigeiantylidydodphingstiémamtaigmnmirtpdperidion 90
should %@&@9&{% a concentration that exceeds its solubility limit within liquid region 92. [0034] It
should be understood that the aliphatic acids represent essentially any acid defined by organic

compoul{i¥Sal Whicmaartydry atbrak fo foropespehsiions 94 Yathyregionis farmexbimpiecaftanyc acid
components includes presenting liquid regions 92 as a gel that is formed from a concentration of
carboxylic acid solids, such as between about 3% to about 5% and preferably between about 4%
to about 5%, with De-ionized water (DIW). The concentration may be heated to between 75°C
to about 85°C, inclusive to facilitate the solids going into solution, i.e., dissolving. Once the
solids are dissolved, the cleaning solution can be cooled down. During the cooling down
process, solid compounds in the form of needles or plates would precipitates. An exemplary
suspension 90 formed in this manner has a viscosity of about 1000 cP at 0.1 per second shear
rate and the viscosity falls to about 10 cP when the shear rate increases to 1000 per second, i.e.,
it is a non-Newtonian fluid. It should be understood that suspension may be formed by
carboxylic acid(s) (or salts) in solvents other than water, polar or non-polar solvents, such as
alcohol, may be employed.
[0037] Another embodiment of suspension 90 coupling elements 94 are formed from a
hydrolyzed chemical agent, or by including a surfactant. For example, a dispersant material
may be included in liquid region 92 to facilitate dispersal of coupling element 94 throughout
suspension 90. To that end, a base can be added to suspension 90 to enable entrainment of

coupling elements 94 from materials such as carboxylic acid or stearic acid that are present in



aliphatic acid that can be used as coupling element 94 within suspension 90. Examples of fatty acids
that may be used as solid components 109 include lauric, palmitic, stearic, oleic, linoleic, linolenic,
arachidonic, gadoleic, eurcic, butyric, caproic, caprylic, myristic, margaric, behenic, lignoseric,
myristoleic, palmitoleic, nervanic, parinaric, timnodo®ic, brassic, clupanodonic acid, lignoceric acid,
cerotic acid, and mixtures thereof, among others. [0035] In one embodiment, coupling elements 94
may replessahamstoixhicanofriatgyantitis sformetk frophavahaissi € diporoshainHedythslextendivay, fropn C-1 to

ahout Ceaufatban leadls BIeARlned RessRIA AR GAUMIPLNE IR G i 0"
carboxyl groups 5 en used as coupﬁ’ng elements 94, the carboxylic acids can includé
mixtureshef sraficaswatborlctyah tengtitsrexselinoiin gy o cdGuplihpotighabo i Grd 08 maibmapbecarboxylic
acids cantjlncludcz_'1 Bth%r f.uni:tional roups su%h as but nqt limited to methyl, véréyl ailf‘yine, amide,

. influénce the inclusion o?nime 1¢s that are mlscﬂ)l within su%ens on S}IC 3
primary amine, Secondary amine, tertiary amine, azo, nitrile, nitro, nitroso, pyridyl, carboxyl, peroxy,

aldehydegibetonse ppimosplicrinelfseqondpsypotjoe gaihps, @hidenbalodenstisobydnataaisethiocyanate,

phenyl, benzyl, phasphodiester, sulfhydryl, but still maintaining insolubility in. suspension 90. [0036]
One maPHATSPRRIER 65 FPRE SSSSUR STRARR (e SRR ST A DR REC A8 €hponents
includesupreseediogdiqoiteregionst feaamegebthidria fonmbed friamyaeangentiatian snsar oy lia acid
solids, such as between about 3% to about 5% and preferably between about 4% to about 5%, with

De-ioniZ8% WA IOV d6h B RbRe e LABATHLY Bisha seus i mssaiier AT ASBAR S SbUPeRE Yihclusive to

facilitatepae 5elits GAIBRANTE SOlMIOR hed/sHssalieEoRaaaiie selisnatadissalyed, the cleaning
solution can be cooled down. During the cooling down process, solid compounds in the form of

needlesl8PIAtcR sfitiRE IR Bt @8I A BREIPISMAISPSQUPEHRIGY M ot thidd BsRRTatiARSher has a
viscositypfRRauh 1800 GRal:} RELSaEORThShRALHSM AR theyistosity falisde-aRpus 0GR when the

shear rate increases to 1000 per second, i.e., it is a non-Newtonian fluid. It should be understood that

suspendiEs Ry Bebrigabien Byaarbiiogne heddis p (rasikdobesioen oo ORRE 01oMr or
non-po'%&e‘xﬁe&gﬁm@ﬁ@mmme}s&wﬁmfﬁm@%aﬁe%ﬁ%ﬁ@&ﬁﬂ%@&%ék&%pension 90

coupling elements 94 are formed from™a hydrolyzed chemical agent, or by including a surfactant. For
examplépbrmémrmw%ﬂaﬂﬁ%w pEpvERIMSIRaigalesiBplioR to eaelitarivaispemsallvtecoupling
element 94, {yy9 fo.ét“c?fﬂﬁa?&ﬂﬁiﬁ@@‘&uéf?omﬁ}e?!&‘il’zu?&?ﬂfﬁﬁ‘l&@Bfﬁﬁeﬂ%ﬁ%ﬁﬂlﬁ&‘éps&%ﬁﬂg‘?o to enable

entrainment of coupling elements 94 from materials such as carboxylic acid or stearic acid that are
present dtemeénte 4 tHanestwichéw metrisdiuantitied tendexebapkarproseseeis rhrhoidgen Biypdroxide,
however mercially available b. m 3 with th bodimen ri rein.
Adioniy e e s Y IR IR SRR RE o ey
be influehgeddyybthprasctusiohioficnoietikydhsat Bremdiseib|d withinesdspasiend@@csucieal)8arboxylate,
phosphate, sulfate groups, polyol groups, ethylene oxide, etc. In this manner, it may be possiple to
Cisperc SRy e T B Sh e EP  Se R Hom o
the same) albowfolimsansel bstanfiagiydttmoganapsdugpansbma0nipathis tharvnernavaide@haay be a
situation in which a co%%%'neration.of cou 'tl‘;@ eIer&entS 94 becomes insufficient to cou?le to and/or
remove TOMSATALTS WS&&S%%’%%?“[‘E 3161;38 Y 18 PIGE B ands 70 proBidhiePcountered
concerng, e gengyaiionelprisation lﬁﬁ%ﬁé%ﬁ%i@ﬂ{t lghicgtian Y es$h SROVIh @k @arshy 04 in
liquid region 92. The%resent of lubrication layers 102 and 104 in a hiatus 106 between contaminant 96
and onesorface 8 oficdisplisrg dments Setrheat]pr tive Qiftentationdpeavificking) tz bisesus hgsistance of
lubrication layers, 102 and 104 may preyent mechanical coupling to occur.between coupli lement
o and Co B o T e B B L e R S8 e
manner i\®BZhr¢eudtg didcihe dnave makist pHd semidal Dy lubpicptigadayera d 02 taad 904t is licchenerate
turbulence in}éiqﬁgid .regiﬁn iZ, I&‘ attenu% es the %%Fcfs of Iamipa flows that ma% beggreseg%t in
lubricatiGHI8yers f8 AR LEH TEHA e, 1PRE 4 AHELIE RIS A 08 BF RSP MEIbH 8t At Sufficient
velocity 1 impauttsitffickerit veameantievigonsaesipling €lgsoents P¢itd allaw thensamestooRrepagate
through liguid region 92 and impact with contaminant. The momentum imparted upon regions should

be suffi c]i gfliﬁd)%vg%gw\;@%%grglg@ﬁﬁ gél 8]110w1ng the same to couple with contaminant 94 or,

the viscous resistance of lubrication layers 102 and 104 is diminished by creation of turbulence
that result from the movement of coupling elements 94 through liquid regions 92. As shown,

jet 108 includes a plurality of streams, shown generally as 110-114, each of which concurrently



lubrication layers 102 and 104 and impart a sufficient drag force FD to move contaminant from surface
98, as discussed above. Specifically, the difference in mass and density between liquid regions 92 and
coupling elements 94, coupled with the velocity imparted upon suspension 90 by LAS 32, results in
coupling elements 94 continuing to propagate towartd surface 98 at a higher rate of velocity, than liquid
regions 92, upon and after impact of suspension with substrate 98. As a result, it is believed that the
viscous jiggisianragassatiaiedsnith libricatiam iy e sikaZuantivliod iss puareomp Bt qupiiRgrelement 94
allowing the same to couple with contaminant 94 or, the viscous resistance of lubrication layers 102

and 1041 dimitNeHEd By el YRIFHNAMESthat result from the movement of coupling elements 94
through i3} rRETERH 8 2o AR SROWRANIRHAAGIDEHIARARIDAY 3ty afl, HEaaPRAIHMING ?ﬂﬁrﬂ%yaas

110-114, each of which concurrently 11 impinges upon surface 98 at a different angle ?, measured

with respidddd18 HSifhalEpls saR 9shas s AYAH) 1 AhbIEDIRESRCRIRPEBEGSE. TOBBY Referring to
Fig. 8, inaipthes jenent, LASiR2 Wdh Reinrienanted iy eEEpi.eS%Qﬁﬁ@dﬁ igR-anitinle

streams, shown as 210 and 211 impinge upon surface so as to be substantially parallel, i.e., impinge

upon suffHtand@ At arécsl_iﬁﬁﬁtﬁﬁl alegie orahaditicagh %t@éﬁmwh@wﬂil_lt@ﬁér%ﬁf@%?é@ a&%lé-_path
212, su¢liigi Rignats ' patedeldR sEaams o %%5’1 Q%%%zﬂ%%‘k%%ﬁfﬂ&l{'@sftgt%'9113a1h5$o?055'b'e to

impinge jet 208 upon surface 98 at a plurality of different angles, sequentially. To that end, substrate
11 may $éferenirteglasperdacpbakstal 2 dgconhlewbsoraiaridtorag 22 thavhsesl|natm erredgitg 2A0angle ? of

normal ? with respect to th 212 of jet 208. Alternatively, a nozzle 323 of LAS 332 may coupled to a
otor 399 TR S LG B B 5 S A S By e
representingnNpz2ies3 24t shanvein, kigoZe A IRESEIBDE Cigpldd & mifoand i facanate
embodiment either of jet 108 or jet 208 may impinge upon surface 98 as a localized spot 340. To
ensure $BPSRHRIRS 2% tAETSFES BP8lTTLc gt AR HBkE P st BB FHRIE S SRR relative

movemenubetwesinsefstrete 11 and LAS 32 and a nozzle 423 may be undertaken. To that end,
substrate 11 may be rotated to move in direction 342 and/or translate along two transversely extending

directiod 804 Retening witdmatively, dPirnddditibronferatbodisrakeihernbirfonishg dirattions
indicated, Dy T AWoRA% Y 5873131 AlRna LpaSYRsSay exXERANEHIFEGIQNT IDFicatgd Ly one or more

arrows 350 and 352. While movement occurs along directions indicated by arrows, 342, 344, 346
and/or 382fagigs ™ eraiptrsl varipel S4Qeat mieHapishen®oicjat PoB pYaBRE Setrerasbheraserkice 98 at

and LAS 32 and a nozzle 423 may be undertaken. To that end, substrate 11 may be rotated to

move in direction 342 and/or translate along two transversely extending directions 344 and 346.
Alternatively, or in addition thereto, nozzle 423 may move along directions indicated by arrow
348 and translate along transversely extending directions indicated by one or more arrows 350
and 352. While movement occurs along directions indicated by arrows, 342, 344, 346 and/or

352 angle ¢ may be varied so that either jet 108 or jet 208 may be scanned over surface 98 at

different angles measured from normal N. Alternatively, angle ¢ may be changed after
movement has occurred along directions indicated by one or more arrows 342, 344, 346 and/or
352. In this manner, spot 340 or line (not shown) may be scanned across, or over, an entire area
of surface 98, or any sub-portion thereof, following any path desired, e.g., parallel stripes,
serpentine stripe and the like. Specifically, either jet 108 or 208 may impinge upon surface 98
at different angles ¢ while relative movement between surface 11 and jet 108 or jet 208 occurs
along a plane that extends transversely to the jet 108 or jet 208, i.e., that plane in which surface
98 lies.

[0042] Referring to 7, 8, 9, 10 and Fig. 12, shown is an embodiment in which either 108 or jet
208 impinges upon surface 98 as a line 354 extending across a diameter D of substrate 11. Line

is moved over an area of surface by generating relative motion between nozzle 323 and



different angles measured from normal N. Alternatively, angle ? may be changed after movement has
occurred along directions indicated by one or more arrows 342, 344, 346 and/or 352. In this manner,
spot 340 or line (not shown) may be scanned across, or over, an entire area of surface 98, or any
sub-portion thereof, following any path desired, e.gl2 parallel stripes, serpentine stripe and the like.
Specifically, either jet 108 or 208 may impinge upon surface 98 at different angles ? while relative
movemenbiietwdd mkungabecdtioanddmiakodyrjeo w(® ocdins matiyamdisns thay bxhdsadhgversely to

the jet 108 or jet 208, i.e,, that in.which surface 98 lies, [004 ferrin 1:,8.9, 1 d Fig.
15, shoro e R e e A I S T o
extendingeaenossta bireristechiangt sab stiate ¢ tholine ascmo\vadohgube diteatea ohdignfaddpyrgemerating

relative tion between nozzle 323 and 12,substrate 11 along direction,i dicateﬁb arrow 356. This
elative BB B e b B R S R S P R S o stooe
that the sishinaod Sulattaierdl: présenied ivlipehdS#rebiangasadisatetbtiy amootidficodouts sheanmene

direction.indicgted by arrow 356. To that end, nozzle 423. be adapted to vary dynamically as
relative HStoH BEMEER SIS £ Aot hIIIE 383 GOk SORg e e R KL by arrow
356. In thibsmasner, ineraadvgythe wiowdedivithva widibdkadisishestanialy esmmenssmte with the
width of Egbs.trate 11. Alternativem the width of line 354 may be established to be at least as wide as

the wideSf SRS BREH RS TRGH ot Wlidfel & MBS GLQRL B Y & EEBRBSAEENEE BY arrow
356, angleow sy, Argtapad soothadithes ipitletharjieti28%may2os stamed auridsiéaseriRat

different angles measured from normal N . Alternatively, angle ? may be changed after movement has
occurre@ i thirestingdennicasen biraonaommbie. afriovs @Rl 3412846 mayiher 3Baged dhisrmanner,
spot 340 or line shown). may be.scanned.acro r aver, an entire ar I, Or any
- port e T B B B e e
differen3afAglbstRisSpeviticaippt 8therjBhd 0B osIROS ayy pingmepaorssyface@s, ah differemangles ?

while relative o ent between surface 1 jet 108 or j 08 occurs alon lane that extends
e Al Bl e S B S SO MR o o i
13, in anetheaitaltesmate aih bediike at dsiispansigici 90 Syayifichlidedrhadditio®adc2i8 poment, referred

to as an.immiscible comfonﬁgt 1gl§fﬁthat IS erj;raine én liquid region 192. Immiscible coniﬁoon nts
include HIRVIACHRZE 3G phadd A GG Pieaise? & ﬁd%‘i’% e O YN eSSt B atioA thereof. In
the present egamiple208saissibitoagm puiarntmlddad egionssedmptistigtangreljalaqluslity of
spaced-apart gas, pockets dispersed.throughout liquid region 192 of suspension 190. The immiscible
componBRiPEKR BB M Ee6S %beé% inclusive suspension 190 by volume. Alternatively,

immiscilpi4IMRIBENIHS 1N EYCIB)RAISARI MRBafe, dRtugiNRnefsuseRASHNHBRRY Weight. axemplary
gas phase immiscible components 111 may be formed from the following gases: nitrogen, N2, argon,

Ar, oxyiliBona) sORPMSNh LSS, (9921 HRMHSHRIG EAMPn b AidS REisrbid gyt acid, HF.
[0044] Llig%{@hn@sqmm@%&ﬁweﬂ@mﬁw mayiinghide adoprmelaquiaraysight alkane, such as,

pentane, hexane, heptane, octane, nonane, decane, or mineral oil. Alternatively, liquid phase

immisciiedrigbrerd. P12 aeasbinatipietisrediu bl Precentfoamiels, immiscible components

111 are regions comprising entirely of a plurality of spaced-apart gas pockets dispersed
throughout liquid region 192 of suspension 190. The immiscible components comprise from
5% t0 99.9%, inclusive suspension 190 by volume. Alternatively, immiscible components may
comprise 50% to 95%, inclusive, of suspension 90 by weight. Exemplary gas phase immiscible
components 111 may be formed from the following gases: nitrogen, N,, argon, Ar, oxygen, O,
ozone, O3, peroxide, H,0,, air, hydrogen, H,, ammonium, NH3, hydrofluoric acid, HF.

[0044] Liquid phase immiscible components 111 may include a low-molecular weight alkane,
such as, pentane, hexane, heptane, octane, nonane, decane, or mineral oil. Alternatively, liquid
phase immiscible components 111 may include oil soluble surface modifiers.

[0045] Referring to both Figs. 3 and 13, suspension 190 functions substantially similar to

suspension 90 with respect to removing contaminant 96, with coupling elements 94 being



[0045] Referring to both Figs. 3 and 13, suspension 190 functions substantially similar to suspension
90 with respect to removing contaminant 96, with coupling elements 94 being 13 substantially similar
to coupling elements 94 and liquid region 192 being substantially similar to liquid region 92. In
suspension 190, however, immiscible component 131 is believed to facilitate placing coupling
elements 194 in contact with, or close proximity to, contaminant 96. To that end, one or more of
regions inliesd hoximityrtt) orwdimgctamitnisSHtand himui &g ulisPpobethp evhvssentiedptsimitariv 96 and
one or mmiscible com onents Havm a surfac tension associated therewith, immiscible
compon N Tt e R S T B R SR ISR, Feeponse to
forces wfdcqlmitm@wmg@ﬁuﬂlh@fdmee(@ h%ues:omlaptlngtb,leménklmxmd(sudawﬁ&m%

therefor% cgntamdnant 96. Cou between cou |In1% ement 194 a}nd %onta inant 9 may occur in
more ions 1y £lose PLOXI act wit mmatné 6 &
any manner 3lscuSs oG ahovewi h spec {0°C5 pling e mén S contaminan [0046]

Immiscildispesadianents tddtamdyadne Enirained o ﬁuﬁaemmlb%cbﬁipmémmg ﬁjSH@Sﬁ@ an substrate
11. Alterna iveg immiscible ¢ cmﬁ)onen s 111 m be entralned%lg enS|on 90 | -Situ as
2

suspensiBH A8 BERit B dpsiia o SaMA elﬁgné?wcd G FRAPBR°GE eﬁfuﬁ‘?ﬁg t'8f "d%%‘étﬁsuon 190

with surfeeet98 tberelry) enteaiipngoasaensuon asraihdpkeIetbiodha sigiklrdiog aMmbight BEe
generating a foam. In gne example |mm|SC|bIeE}cla08r$§onents 111 may be generated from a gas

dissolve ﬂ‘???l&ﬁﬂ?ltlgé iBlne gk oaveksy BItRSHB SuS PRI 9 bé&iREP MSiected to a

decreaspei RIS RTE SRR T3V e BressueneDEURREBSIAR iRy @ abaniaga&f dbisyerocess is
that the majority of immiscible components 111 will form proximate to coupling elements 194, due to

coupling8iBAreREst 1o £l g fdvRg e b and rosfamiaan Hvity toward surface 98. This increases the
probabilippieAticRHRING SIeMBHEe k94 COHRYNG Wil SRR %n[@%%]:ﬁ%e"ﬂéﬁl%&iﬁéﬁed

suspension 90, tri-state suspension 190 may include additional components to modify and improve the

couplingPetiaish bedWee el plilpraisibnes moansni ddhtarmhenireined rivrpcmosH 8 the
liquid mediym can b AR Lagss) R (RrG.ABLIRSAR/0NHA ROtk tha sRlighpacipenent and

contaminant such that electrostatic repulsion is reduced or amplifiéd. Additionally, the temperature
cycling @ﬂ%}@mﬂ&ﬁ) 19th majepe BntitesaceiraoibBase sty es the piosgatieshharaofdsig
examp ARG meRis 24 MaKD A i amaieRl. s MAlsROll slaiieh may change
proportionally orr:l%g g ?y ppt;%portlonally with te ture. In th?s fas %n once co EElfw?ng elements 94
conformgenerahd peoof T gatahshodyed thshenhigerd g of &%Mquaytbé sHangednoreduce the

maleabijiy lierso Aionally, e SOl BN ASHERSSIAN 20 A0 htelors, lng cgoentration of

coupllng e ments may ar proportlon OI’ mverse y p pOI’tIOﬂ Yy wit emperature
suspension 190. On advantage of this process is that the majority of immiscible components

111 will form proximate to coupling elements 194, due to coupling elements 194 have moved
settled under force gravity toward surface 98. This increases the probability that coupling
elements 194 coupling with contaminant 96.

[0047] As with bi-state suspension 90, tri-state suspension 190 may include additional
components to modify and improve the coupling mechanism between coupling elements 194
and contaminant. For example, the pH of the liquid medium can be modified to cancel surface
charges on one or both of the solid component and contaminant such that electrostatic repulsion
is reduced or amplified. Additionally, the temperature cycling of suspension 190 may be
employed to control, or change, the properties thereof. For example, coupling elements 94 may
be formed from a material, the malleability of which may change proportionally or inversely
proportionally with temperature. In this fashion, once coupling elements 94 conform to a shape
of contaminant, the temperature of suspension may be changed to reduce the malleability
thereof. Additionally, the solubility of suspension 190 and, therefore, the concentration of

coupling elements 94 may vary proportionally or inversely proportionally with temperature.



14 [0048] An exemplary suspension 190 is fabricated by combining Stearic acid solids, heated above
70 Celsius, to DIW heated above 70 Celsius. The quantity of Stearic acid solids combined with the
DIW is approximately 0.1% to 10%, inclusive by weight. This combination is sufficiently to
disperse/emulsify the Stearic acid components within the DIW. The pH level of the combination is
adjusted above 9 to neutralize the stearic acid components. This is achieved by adding a base, such
as ammidSh Aydrosias aiy skDedis konpldidd aboated iy athorbofi 0g28 s ranac kD9oliischesited by weight.

N ﬁ)&%&@&%’oa’\@?ﬁd% SFﬂ%e%u‘}’r{tl%? Jr gllega%% %{%é "R the

In this m%nnelz/@rtai:id-ba%sw
abave elsius, 10
homogenelty of the mixture. The acid-base mixture Is allowed to reach ambient temperature and

precipitatenibifexdwihLpiigl@emenis g Bratkl isOdEited €¥at inoliplingbslevahts T4 tarmiadadionng
precipitation yeach.a inar r[}g_‘? Otf 1 tg 5000 micrometers |ncll%ﬁ|ve I%.C.'%e c%@go ent111

Siz
sufficiently to fls erse/e sity the Stearic acid components within,the . Y, .
may be R fom entraimentor air withinthe 461§-pas8 mlx{ure asthe’same is St i desired.

[0049] InfhethankimhiadiiRedjusudptnsion Otkisdorrnehkbyctiaogidootasdateadicadidisolids milled to
a particle size in a rapge of 0.5 to 5000 micrometers, inclusiv illed Stearic acid in granular form
S e B T i o R TR MR A O A b S T ey oo
by any reeans knain.osucihassshaking e stitring, tatatingnandiihe likeasthei Giaarnic etk misch
approximately 0.1% to 10%, inclusive, by weight of the acid-DIW mixture. Dissociation of the Stearic

acid is aSHiEVEd 1y ZLBIATG AR prtis/aBpasaciiqbile mixttre dhsealdabassmiiioiby adding a
base. AQIRXELIRARY BRSE EHdas RMMENiHD frrehmdee dNGHI) bl coagentsatan afi9.5% to 10%,

inclusive by We[i-%aht. This ionizes the Stearic acid component forming solidified Stearic acid particles.
Typicallf¢HeeR aEAquBl acdanentie dtitmied dustngreramndanendanss rsieing apistee thdRperse
the soliifigd mieRyiccacid pRltices thremabew a6t MImxiwe rdheaize disiiRibierpfdhese

solidified Stearic acid particles is in a range of 0.5 to 5,000 micrometers, inclusive. [0050] In yet
another 8hibbeiribandddisn sorasasdhe sHag TG iEdgelsdimitic acid mixture dissolved in

im0
Heating®flthé tPa\patitdeasietding 1olingl Ok Ae SePRempddettinglap vrgdhic vdledritestich as
oA A By e o
techniguesitprodutihg BBYlinkfyewsolbtiomy Theasskddver solbtienhalbandbe timied withisglapddhhat is a
non_so"fﬁ(re]:t.’ Iﬂlg@téggg e?cqlcg fosflrjncsha%%rolx?mately 0.1% to 10%, inclusive, by weight of the acid-DIW
mixture. Dissociation of the Stearic acid is achieved by establishing the pH level of the acid-
DIW mixture to be approximately 9 by adding a base. An exemplary base includes ammonium
hydroxide (NH4OH) in a concentration of 0.5% to 10%, inclusive by weight. This ionizes the
Stearic acid component forming solidified Stearic acid particles. Typically the NH,OH is added
to the acid-DIW mixture while the same is being agitated to disperse the solidified Stearic acid
particles throughout the acid-DIW mixture. The size distribution of these solidified Stearic acid
particles is in a range of 0.5 to 5,000 micrometers, inclusive.
[0050] In yet another embodiment, suspension 190 is formed from a Stearic-palmitic acid
mixture dissolved in isopropyl alcohol (IPA) while the IPA is agitated, as discussed above.
This provides a concentration of dissolved fatty acids present in the concentration from a range
2% to 20%, inclusive by weight. Heating of the IPA while avoiding boiling of the same and/or
adding an organic solvent, such as acetone, benzene or a combination thereof, may improve
solubility of the fatty acid. Any solids remaining in the concentration following dissolution may

be removed by filtration or centrifugation techniques, producing a solid-free solution. The

solid-free solution may be mixed with a liquid that is a non-solvent, to the fatty acid, such as



water, 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, inclusive. The Stearic acid
component may be ionized, as discussed above. [0051] While this invention has been described in
terms of several embodiments, it will be appreciatetbthat those skilled in the art upon reading the
preceding specifications and studying the drawings will realize various alterations, additions,
permutatiotes, & dregpivatieatsttheradfsolhkbrdior récipiintech futy tvad e presensimrudedion includes all
such alteraions, afldiions. RRUHIAIANS. Andcauivalonts 4 tallithin the e spiikand sggpe of the
invention. In the claims, elements and/or steps do not imply any particular order of operation, unless
explicithb statechandtbengaimst mdypbe Lenivid,\dhdis i cladmbavis: 1. A method for cleaning a surface,
having Rl e mafter inereon, of 3, substiate, said method comprising: Impinging yfon said surface
liquid having coupling €lements entrained théerein; an imparting sufmcient drag upon said coupling
elementspigreviaue] \tithith sidiitjuidli anct inapapb & Gudiniityhefppatd dinag pyeiiicsaich paiticuiald patter,
with said qu ntit%/1 beinﬁ of ?.ufficient may nitude to fause said Igarticulate Hwattert moye Witp respect to
said Subt él? wings will realize various alterations, additions, perrnutations and equivalents thereoft.

Therefore, it is intended that the present invention includes all such alterations, additions,

permutations, and equivalents as fall within the true spirit and scope of the invention. In the

claims, elements and/or steps do not imply any particular order of operation, unless explicitly

stated in the claims.



2. The method as recited in claim 1 wherein imparting further includes providing said coupling
elements and said liquid with relative momentum to facilitate said coupling elements contacting said
particulate matter and cause said particulate matter to move with respect to said substrate. 3. The
method as recited in claim 1 wherein imparting furth&s includes scanning a jet of said liquid across said
surface. 4. The method as recited in claim 1 wherein imparting further includes scanning a jet to
have said liquid impact said surface at different an§lediMeasured from a normal to said surface. 5.
The method as recited in claim 1 wherein imparting further includes scanning a jet along a first
direction to Wae isaiditigidsimpact upon said surface at different angles measured from a normal to
said surface while generating relative movement between said jet and said surface along a plane that
extends transversely to said jet. 6. The method as recited in claim 1 wherein impinging further
includes directing a jet along a path to have said liquid impact upgn said surface while gfenerating

different angles between SdRf It IShel s RigE i Hd s e e echHlp KRR IVINGER a0 plane
extending ofiipegaraliydremisRi¢ sgasmgwith said path being positioned at different angles with
respect to said plane. . o . . ' '
impinging upon said surface liquid having coupling elements entrained therein; and
imparting sufficient drag upon said coupling elements to move within said liquid
and impart a quantity of said drag upon said particulate matter, with said quantity being of

sufficient magnitude to cause said particulate matter to move with respect to said substrate.

2. The method as recited in claim 1 wherein imparting further includes
providing said coupling elements and said liquid with relative momentum to facilitate said
coupling elements contacting said particulate matter and cause said particulate matter to

move with respect to said substrate.

3. The method as recited in claim 1 wherein imparting further includes

scanning a jet of said liquid across said surface.

4. The method as recited in claim 1 wherein imparting further includes
scanning a jet to have said liquid impact said surface at different angles measured from a

normal to said surface.

5. The method as recited in claim 1 wherein imparting further includes
scanning a jet along a first direction to have said liquid impact upon said surface at
different angles measured from a normal to said surface while generating relative
movement between said jet and said surface along a plane that extends transversely to said

jet.

6. The method as recited in claim 1 wherein impinging further includes
directing a jet along a path to have said liquid impact upon said surface while generating

different angles between said path and a normal to said surface, said normal lying in a



7. The method as recited in claim 1 further including generating a foam of said liquid upon said
surface. 8. The method as recited in claim 1 wherein impinging further includes direction a jet of
said fluid upon said surface and further including terminating said jet and generating foam from said
liquid upon said surface. 9. The method as recitéd in claim 1 wherein impinging further includes
direction a jet of said fluid upon said surface and further including terminating said jet and generating a
foam of saigligeicktgpdimgaidmngdashyainone xposing szidMivhrid miubditg rsiovedhetfddforérom the

surface andartle R0SINg Tc,gsldegy{% [9. @ vacuum to remove a quantity of the same. 10. A method for

cleaning a sufface, having particu afe matter thereon, of a substrate, said method comprising:
scanning a jet of a liquid, having coupling elements entrained therein, along a first direction to impinge

upon said surfaceflt different ar}%%s measured from g nor al.to said surface while fgaem%rfastirilc(i; relative

movement between said je “and said" %lﬂ?fétgg 5}6:%1% plante ‘fﬁél%cé% értl%lgetrrlgrnast{?égef y 16 €aid Hormal to

impart suffitigmiddrpenupahsasisteoupling elements to move within said liquid and impart a quantity of
said drag upon said particulate matter, with said quantity being of sufficient magnitude to cause said
particulate matter to move with respect to said substrate. 11. The method as recited in claim 1
wherein said normal lies itha pleheexieadivg orthgo nalycfeanmispic Gupfdeehanchsiarsing further
includes directing posijtioning said. path at different angles with respect to said plane. 1

Sirect?og a jet of sz%d fluid upon said surtace argld tsl'lrther incl%ding terminz?ting said 18et and

generating foam from said liquid upon said surface.

9. The method as recited in claim 1 wherein impinging further includes
direction a jet of said fluid upon said surface and further including terminating said jet and
generating a foam of said liquid upon said surface and exposing said foam to a fluid to
remove the foam from the surface and exposing said fluid to a vacuum to remove a

quantity of the same.

10. A method for cleaning a surface, having particulate matter thereon, of a
substrate, said method comprising:

scanning a jet of a liquid, having coupling elements entrained therein, along a first
direction to impinge upon said surface at different angles measured from a normal to said
surface while generating relative movement between said jet and said surface along a plane
that extends transversely to said normal to impart sufficient drag upon said coupling
elements to move within said liquid and impart a quantity of said drag upon said particulate
matter, with said quantity being of sufficient magnitude to cause said particulate matter to

move with respect to said substrate.

1. The method as recited in claim 1 wherein said normal lies in a plane
extending orthogonally from said surface and scanning further includes directing

positioning said path at different angles with respect to said plane.



12. The method as recited in claim 10 further including generating a foam of said liquid upon said
surface. 13. The method as recited in claim 10 further including terminating said jet and generating
foam of said liquid upon said surface. 14. The method as recited in claim 10 further including
terminating said jet and generating a foam of said lig8id upon said surface and exposing said foam to
a fluid to remove the foam from the surface and exposing said fluid to a vacuum to remove a quantity
of the same. 152 A sy$tenmhtidgsarprivatssidginedibiufdecleahido paeticotite métten from a
surface of g SL(,tl straae Soa}l'dsaSﬁSter% comprlsmg a fluid delivery sub-system; a carrier to support said
substrate; a jettin %psystem A ‘processor in data communication with said fluid delivery
sub-system, said carrier sub-system and said jetting sub-system; and

13. The method as recited in claim 10 further including terminating said jet and

generating foam of said liquid upon said surface.

14. The method as recited in claim 10 further including terminating said jet and
generating a foam of said liquid upon said surface and exposing said foam to a fluid to
remove the foam from the surface and exposing said fluid to a vacuum to remove a

quantity of the same.

15. A system having a processing region for cleaning particulate matter from a
surface of a substrate, said system comprising:

a fluid delivery sub-system;

a carrier to support said substrate;

a jetting sub-system;

a processor in data communication with said fluid delivery sub-system, said carrier
sub-system and said jetting sub-system; and

a memory in data communication with said processor, said memory storing
computer-readable instructions to be operated on by said processor, said computer-readable
instructions including code to control said fluid delivery sub-system and said jetting sub-
system to impinge, upon said surface, a jet of a liquid having coupling elements entrained
therein with sufficient drag to cause said coupling elements to move within said liquid and
impart a quantity of said drag upon said particulate matter to cause said particulate matter

to move with respect to said substrate.

16. The system as recited in claim 15 further including a pump system and
wherein said computer-readable instructions further includes code to control operation of

said jetting sub-system to scan said jet of said liquid across said surface.



a memory in data communication with said processor, said memory storing computer-readable
instructions to be operated on by said processor, said computer-readable instructions including code
to control said fluid delivery sub-system and said jetting subsystem to impinge, upon said surface, a jet
of a liquid having coupling elements entrained thereir® with sufficient drag to cause said coupling
elements to move within said liquid and impart a quantity of said drag upon said particulate matter to
cause said particuldte mdterspieove withedspedeino ISahsuhstsaid compugrTealshktem as recited in
claim 15 further, NEliCing ALY YIS andanerein. sald compierisadaple nsiyctians furtner
includes code 16 contro operar%lon of said jetting sub-system to scan sai jet oPsal I|qU|daacross said
surface. 1%aid jetlfd.ifipéngysipon as decitbddnoliifards wixeeimsaidabimputenoceadbtlsanistructions
further includes code to control operation of said jetting sub-system to scan said jet to impinge upon

. suria i
said surfacé at different angles measured from a normal to said surface. 18. The system as
recited in claim 15 wherein said computer-readable instructions further includes code to control
operation of said jetting -system and said .carrier sub-system tp scan said jet along a first direction
to impinge upon szl% sursrﬁ; %%ftﬁmea}seﬁcgﬁ ngc}ﬁlégigrg?’%%Sglﬂﬁﬂﬂﬁuttgréé%%ﬁﬁace while
generating igdaiive snov@mheniHaisansaid Rihal grichsoifaceaalgagiaeplah e hainexieralsl
transversely to said jet. 19. The system as recited . in claim 15 wherein said computer-readable

instructions AIFREMAGUYER (oS o ashEbr oparalisH SredindRingrinBe LRaR iR WeEkSaid jet along

a first directipficie impisige Mpa itk shi tagerahdiierent anglesvmeaseea tigneaanoemal to said
surface while generatin%}glative movement between said jet and said surface along a plane that

extends traMNBER} RySeanspid jet a8 seideuriaperiloneraaans ey aieads WaerRekide said
computer-regdable instructions further includes code to control operation of said jetting sub-system to
direct said jet along a path to impinge upon said surface while generating different angles between
said path and a normal to said surface, said normal lying in a plane extending orthogonally from said

surface, code to cqptrol fygerpcialing itGtanda SauResd e ting sul-sysigaeto vary an angle
between said path and said plane.
instructions further includes code to control operation of said jetting sub-system to scan

said jet along a first direction to impinge upon said surface at different angles measured
from a normal to said surface while generating relative movement between said jet and said

surface along a plane that extends transversely to said jet.

20.  The system as recited in claim 15 wherein said computer-readable
instructions further includes code to control operation of said jetting sub-system to direct
said jet along a path to impinge upon said surface while generating different angles
between said path and a normal to said surface, said normal lying in a plane extending
orthogonally from said surface, code to control further including instruction to cause said

jetting sub-system to vary an angle between said path and said plane.



