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Fritz C. Redeker, BACKGROUND 100011 There exists a desire to reduce
critical dinmensions of features in electronic substrate products. As the
features decrease in size, the inpact of contam nants during processing of
the features increases, which may proHuce defects. Exenplary contam nants
are particulates that include polysilicon slivers, photoresist particles,
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as various aining atons_such” as carbon, hydrogen, and/or
oxygen. Particul ates frequent|JIka6E SOLULEIDstrate surface by weak
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have been renoved by a conbipmiii Korobf, aelh Eniz0@|Redeigdr,mechani cal processes.
These processes enploy cleaning tools and agents that have a probability of
I ntroduci ng additional contam nants during a cleaning process. 100031

Anot her technique for cleaning a substrate surface omts the use of

cheni cal agents by exposing the sBAGKGROYNR gh heat to vaporize
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that include polysilicon slivers, photoresist particles, metal oxide particles, metal particles,
slurry residue, dust, dirt, as well as various molecules containing atoms such as carbon,
hydrogen, and/or oxygen. Particulates frequently adhere to a substrate 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 additional contaminants during a cleaning process.
[0003) Another technique for cleaning a substrate surface omits the use of chemical agents by
exposing the surface to high heat to vaporize contaminants present thereon. The vapors are
removed by evacuating a chamber in which the substrate 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 temperatores 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 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 subsequent product wafers being processed so that their yields are higher than the



tenperature of the contam nants. 100041 Anot her cleaning technique is
disclosed in United States patent nunber 6,881,687 and enpl oys a

| aser-cl ean yiel d-enabling system The systemincorporates a |aser cleaning
operation working in conjunction with a defect inspection operation
cooperating to feed i nfornmati on regarding the root cause of renaining
defects back to earlier process stages, for correction of the root causes,
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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

{0008] 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.

[0009] Fig. 1 is a plan view of a substrate processing system including the present inventions.
[0010] Fig. 2 is a simplified side view of an exemplary substrate cleaning system in
accordance with one embodiment of the present invention.

[0011] Fig. 3 is a side view of an immersion tank shown in Fig. 2 and substrate transport

system taken along lines 3-3.



BRI EF DESCRI PTI ON OF THE DRAW NGS [0008] The present invention will be
readily understood by the follow ng detail ed description in conjunction

wi th the acconpanying draw ngs, and |like reference nunerals designate |ike
structural elenents. 10009] Fig. 1 is a plan view of a substrate processing
systemincluding the present inventiops. 100101 Fig. 2 is a sinplified side
vi ew of an exenplary substrate cl eaning systemin accordance wth one

enbodi ment of the present invention. 100111 Fig. 3 is a side view of an
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Figs. 2 and 3.

[0016] Fig.8 is a cross-section view of the immersion tank shown in Fig. 4 in accordance with

an alternate embodiment.

[0017] Fig. 9 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.

[0018] Fig. 10 is a perspective view of a system employed to clean substrates in accordance

with an alternate embodiment.

[0019] Fig. 11 is a cross-sectional view of immersion tanks shown in Fig. 10.

[6020] Fig. 12 is an alternate embodiment of one of the immersion tanks shown in Figs. 10

and 11. ‘

[0021] Fig. 13 is an alternate embodiment of one of the immersion tank shown in Figs. 11.

[0022] Fig. 14 a cross-section of the immersion tank shown in Figs. 13 with a lid removed.

DETAILED DESCRIPTION OF THE INVENTION

[0023] 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 instances, well known process operations have not been described in detail in
order not to unnecessarily obscure the present invention.

[0024] Referring to Fig. 1 an embodiment of the present invention is included in a substrate
processing system that includes a plurality of processing modules arranged is what is
commonly referred to as a cluster ool 10. Cluster tool 10 is typically positioned within a
clean room 12 that is defined, in part, by surrounding walls 14. The modules of cluster tool
10 typically include one or more load/unload stations, two of which are shown as 16 and 18.
The atmosphere inside of cluster tool 10 is controlled to minimize, if not prevent, exposure of

substrate to the ambient of clean room 12 during processing. Stations 16 and 18 facilitate



[0016] Fig.8 is a cross-section view of the imersion tank shown in Fig. 4
I n accordance with an alternate enbodinent. [0017] Fig. 9 is a plan view
showing a liquid enployed to renove particul ate contam nants froma
substrate surface in accordance w th another enbodi ment of the present

i nvention. [0018] Fig. 10 is a perqugtlve view of a system enpl oyed to

cl ean substrates in accordance with an alternate enbodi nent. [0019] Fig. 11
is a cross-sectional view of imersion tanks shown in Fig. [ 0020] Fig.
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plasma enhanced chemical vapor deposition PECVD system. Were substrate 20 to undergo
processing in plating/deposition module 38 or etch processing in etch system module 40
before/after or without undergoing plasma processing, a traversal through load lock 42. After
traversing load lock 42, substrate enters Controlled Ambient Transfer Module 44 that
facilitates access to modules 38 and 40 without exposing substrate to the ambient of clean
room 12.

[0027] In fluid and electrical communication with modules 16, 18, 20, 22, 24, 26, 28, 30, 32,
34, 36, 38, 40, 42 and 44 is an environmental control system 50 that regulates the operations
of each of modules 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42 and 44 so that the
environment present therein is suitable for the processing desired. An example of cluster tool
is discussed in United States patent application number 11/639,752 that is incorporated by
reference herein.

[0028] Referring to both Figures 1 and 2, an embodiment of one or more of wet processing
modules 24, 26 and 28 of figure includes a body 51 formed from any suitable material such as
aluminum, plastic and the like. Body 51 defines an immersion tank 52 that is spaced-apart
from an end 53 defining a void 54 therebetween through which conduits 55 pass to place
immersion tank 52 in fluid communication with additional systems (not shown). A tank
opening 57 is disposed opposite to the closed end 58 of immersion tank 52. Positioned
opposite to opening 57 is a shelving system 60. One or more bases 61 may be disposed upon

shelving system 60. Shelving system 60 operates to reciprocate between a first position



4 transportation of a substrate 20 between clean room 12 and nodul es of
cluster tool 10. Fromone of stations 16 and 18, substrate 20 is introduced
into a | ab-anbient controlled nodule 22 to facilitate wet processing may be
perfornmed. 100251 Access to wet processing nodul es 24, 26 and 28 by
substrate 20 is gained through | ab-anpient control transfer nodule 22.
Lab-anmbi ent control transfer nodule 22 functions to ensure that substrate
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first posclluantny to zﬁlow most, if not the entire area, of all surfaces of substrates 64 to be covered by
the same.

[0031] Referring to Figs. 2, 3 and 4, with shelving system 60 in the second position opening
57 is exposed, allowing unobstructed access to introduce, and retain, cassette 70 in tank 52
vis-a-vis hanger 72 that is attached to hanger arm 73. Hanger arm 73 is coupled to a motor
(not shown) to vary a position of cassette 70 in immersion tank 52. In one embodiment of the
present invention, STS 65 is used to move cassette 70 into immersion tank 52 when loaded
with multiple substrates 64. In this fashion, batch processing of substrates 64 may be
undertaken during a cleaning process. For example, substrate 64 may have contaminants 75
thereon. Immersion tank may be filled with solution. Picker arm 67 couples to detent 77 on
cassette 70 to move the same into and out of immersion tank 52. The movement of cassette 70

in solution loosens, softens, dislodges, or otherwise enhances the removal of residues,

chemicals and particulates, referred to as contaminants 75, from surfaces of substrates 64.
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space 76 where substrate 64 is retrieved by robot 66 for novenent to a
rinse station that is well known in the art. 100321 Referring to both Figs.
3 and 4, an exenplary material that may formsolution 71 includes a
suspensi on 90 having nultiple regions, with differing flow characteristics
so that the flow characteristics assogciated wwth one of the regions differs
fromthe flow characteristics associated with the remaining regions. In the
present exanple, suspension 90 includes a liquid region 92 and a coupling
el enent Qdea dficopthidinaegiSoin §i2s masen nid\'ps!ﬁnt\pifgﬁlﬁ@mﬁlwtgé 4B ESSBATSE A hEPBwWi t h.
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region 92 such that liquid regian 92 functions t .
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proxXimate to

particul ate contam.nants, {5 nresen urf of substrate 64. 100331
Coupl i ng ‘?foé’ﬂﬁ’ﬁf’?ogﬁm%B’hﬂs}ﬁl&"%()r?g’%n %%%@rcggﬁw&pagﬁng@ of removi ng contami nants

75 from signifAe8icAsh ﬁ%@%hh& EARSHRI cofpohetoesral fam Fyspensseofacdf i.e.,

novenent of liquid regions 92, to contam nant 75 vis--vis coupling elenments
94. Thus, confaniifan€®5isfagtindtion pr ti¢ishkar steasphi thgcatamemtt surge wultipligd by the
cross-sectional area sufficient to remve contam nant 75 from surface 98.
Typi cal | ysurfatreares ofdbe eatrniivans] Fardadof The fitiondres Emaning w0 the MG, 't han

a cross-sectional 7 area of contam nant 75  In thi.s ner t of

g 2 nt arr:c n aﬁfm% 15 the F@é‘;ﬁ?’?%%a‘ ths cquplingelqmgnt surfacy méfh‘[p:hﬁ% gﬁg‘S ;&ufg%c%}le%%n el g ment
is facilitated,, wifhz=th n ' ; i i

2ot ORRP PR B e

i ncl udi ngyrnITE LR [ AREEOIRE. Atk Shécdnuthin BxRticides aphpatenathepr oper ti es
and rel ati venge%om ties associ ated with liquid rldeé ion 92k'§ﬁd coumlri IOg
el ement s @wss that is a ratio of the coupling element 94 to contaminant 75 surface areas. Spccxpxcalfg/,

the apparent shear force 7, to which contaminant experiences is
where A is the cross-section area of coupling element 94 and 4, is the cross-sectional area of

contaminant 75. Assume, for example, that an effective diameter, D, of contaminant 75 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
04 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 E ", calculation, Coupling element 94, shown in Fig. 5, 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.
[0035] Referring to Fig. 6, forces transferred to contaminant 75 vis-a-vis coupling elements
94 occur through coupling of coupling elements 94 to contaminant through one or more

various mechanisms. To that end, liquid region 92 exerts a downward force F,, on coupling

elements 94 within liquid region 92 such that coupling elements 94 are brought within close
proximity or contact with contaminants 75 on surface 98. When coupling element 94 is
moved within proximity fo or contact with contaminant 75, coupling may occur between

coupling element 94 and contaminant 75. The coupling mechanism that results is a function



[ 00341 Friction force rif, , the tangential conponent of drag force ,F4 ,
on the surface of contamnant 75 is a fiinction of the shear stress at the
contam nant surface multiplied by the surface area of the contam nant: =
fcAc. The friction force F1 acting upon the coupling elenment is the shear
stress at the coupling el enent surfacg mul tiplied by the surface area of
the coupling elenment: F1 =f A A coupling elenent 94 in contact with
contam nation 96 directly transfers its friction force. Thus, the
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contaminant 75 is broken free from surface 98. Additionally, a chemical coupling
mechanism, such as adhesion between contaminant 75 and coupling elements 94, may occur.
{0037] Where coupling elements 94 and contaminant 75 sufficiently rigid, a substantially
elastic collision would occur resulting in a significant transfer of energy from coupling
elements 94 to contaminant 75, thereby increasing the probability that contaminant 75 is
broken free from surface 98. However, the chemical coupling mechanism of adhesion
between coupling elements 94 and contaminant 75 may be attenuated, which may reduce the
probability gained by the collision.

[0038] In addition, to mechanical and chemical coupling mechanisms discussed above,
electrostatic coupling may occur. For example, were coupling element 94 and contaminant
75 to have opposite surface charges they will be electrically attracted. It is possible that the
electrostatic attraction between coupling element 94 and contaminant 75 can be sufficient to
overcome force connecting contaminant 75 to surface 98. It should be realized that one or
more the aforementioned coupling mechanisms may be occurring at any given time with
respect to one or more contaminants 75 on surface. In addition, this may occur randomly or
be induced by having coupling element 94 formed from different materials and having

different shape and hardness. Alternatively, the electrostatic repulsive interaction between



8 of the materials, and properties thereof, from which coupling el enents 94
and contam nant 75 are forned. Interaction between coupling elenent 94 and

contamnant 75 is sufficient to allow the transfer of a force of sufficient
magni t ude to overcone an adhesive force between contam nant 75 and surface

98, as well as any repul sive forces bgtween coupling el enent 94 and

contam nant 75. Thus, upon coupling elenment 94 noving away from surface 98

by a shear force f contam nant 75 that is coup I§d thereto is ehl{so noved
awnay f r oniPg apRreachinggoupling elemeg94and{hscontasnipant £f By 28 SYPUAPCHET Bee 98.
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Following removal substrate 64 may be rinsed to as to completely remove contaminants
remaining on substrate 64 by, for example, a de-ionized water (IDIW) rinse at function 126.
Altemetively, solution 71 may be drained vis-a-vis one of conduits 55. Thereafter, another
one of conduits 55 may be employed for the introduction of DIW to rinse any remaining
contaminants from substrates 64.
[0040] Referring to both Figs, 4 and 8, in another embodiment, cassette 70 is lowered into
immersion tank 52 in the absence of solution 71. Specifically, cassette 70 is placed to rest
upon shelf 93 that is supported upon closed 58 by supports 95. Thereafter, solution 71 is
introduced into immersion tank 52 by a showerhead 101. To that end, showerhead 101, in
fluid communication with a supply 103 of solution 71, is designed to produce a plurality of

flows of solution 71 having coupling elements 94 entrained therein., Concurrently with ingress



100391 Referring to Figs. 2,4 and 7, interaction of coupling elements 94
with contamnant 75 is achieved, in part, by generating relative novenent
bet ween substrates 64 and solution 71. Relative novenent between suspension
90 and substrate 64 occurs at a rate to inpart sufficient nonentumto all ow
coupling elenents 94 to inpact with cgntam nants 75 and inpart a sufficient
drag force F'D to nove contam nant from surface 98 of substrate 64, as
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pol ypepti des. 100421 Coupling.elenments 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 proximty or contact with surface 98. Additionally, the damage caused
to surface 98 by coupling el ements 94 should be dem ninus, as well as the
adhesi on between coupling el enents 94'and surface98. In one enbodi nent, the
har dness of coupling elenents 94 is |less than the hardness of surface 98.
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i nclude othgle hiwnsd iafhidd, S@b%@ﬁa@meheﬂﬁwmmlnmmto Initrilet migrot witraea, bydidylyi nyl
al kyne, am de, prifary am ne, secondary amne, .tertj ar%h%né R
cfe tf<et one,

nitrile, mbpdyl pHCYodEhyIgHetpIe, PHHATHEYYF SCPRRIHY gy
primary in, @‘fana&eﬁ%flﬁy%atenbmyl seher, ﬁh&§mﬁeqtda,ahnumyl bmcuamttenmg
e

i sot hi ocyana benz phosphodi est er, sul fhydryl, but still
mai nt ai ni rm;solubdﬁyutﬁUISmetnyiohﬁOsuspeny on 90. 100451 One nmanner by which to

form susp 90 Wi RNo]e fﬁ@m“ﬁl@arr aﬁyslfoﬁnaicﬂr@lnempmlents
i ncl udes ﬁf’]‘ﬂé@t Frrfban %fg’% &rtgg?%ns 6 glso a g is forned froma

concent r atalc(mmoﬁfpoﬁmtsbmdycﬂesmr(aemtdlgémmddsglo Sé§eb@?‘vﬁé§9ﬁm§ "By t 0 about

50 wt % d f bl.y i . b
wat er (gln\ﬁf’ rﬁ%ﬂ%‘%‘ﬁﬁf’% OXI asgﬁajst Slf:)% gofwsa?%bota%e)ﬁﬁsmﬁzdt&:tgn anghgﬂleze

m xture hqﬂ&feﬂbtyq)eb;aatemmt 86 Q0bboaBo mr%s%h Derietigest water WA AMPERIENt he

solids going into solutio S SQl 488 St

di ssol ved,® gﬁ’é@?l rﬁeri’(j‘d‘é‘gtpﬁllﬁ S(S’H‘“c?&ﬁ“%e coo dhgg&gtég&wrl ng the 0ol | ng
down procegse, iaQldick ©aRERARe dolids peng mtmcmitxunemil(h@omngplféﬁcééhWU%Pm
precipitates. An exenplary suspension

for
vi scosi ty dfsobysdhe dlepin g(ﬂﬁhﬁ't"“ﬁa“_[bep‘é)rmegéié’gﬂd eco#ﬁnw e%e Vi sS@(l)dm ty
fa' I's to a&ﬂgbtou&(ﬂ if Reb@Rof hedisheanacakeuli B&b@aStES Anediianp enspeeiarit

i.e., it is non- Newtoni an fluid. |t should nder st ensi on
may be f orfopdedip thiamsongy hpga a@qqg(tg yf ztb@pt ]é)gptcg)at(? Epgroﬁcc%\ﬁt gxear r%t% al'%(%'lﬁlg
water, pol AbcoRity RAL:PRLEN 1659 WhtiRe shehtGRiedoreds6sabQD00 per second, ie., itisa

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.



may be enpl oyed. 12 10046] Anot her enbodi nent of suspension 90 has
coupling elenents 94 are fornmed froma hydrol yzed chem cal agent, or by
including a surfactant. For exanple, a dispersant material may be included
inliquid region 92 to facilitate dispersal of coupling element 94

t hr oughout suspensi on 90. To that end12 a base can be added to suspension 90
to enabl e entrainnent of coupling elefrents 94 frommaterials such as
carboxylic acid or stearic acid that are present in |less than

st oi chi orj8046] Angtienerbadisent Afi suspensish H0yhabemselingelapen Pt pded o
however, a (o]0] rcially.avail 14 dsdeh@nenhieciinent s
descri be&yﬂé’ﬁwﬁgﬁeﬁamqﬁﬁ%ﬁ’ﬁf@ ,I&ELO‘E“%%%? fg{;:%%f ﬁ&é ?%ﬁ%lﬂ g y IIgf the materials
f r om whi ohaycieLptlidd ie liqudnégiorD9 @rtacilitotemipenyalof beupling ElgaisaeY Bipugheut

inclusion of noietigs. that are mscib it hin.. [ ainSkigrras

car boxy| astuép,e“ﬁﬂ‘bgé)hﬁ? that eiidy # B3°8 cﬂ}g%aﬁig,gd %;l)goslhpc?ﬁs‘gér[j%dd%&% LdlEe.)it@ hyl ene oxi de, etc.
In this n@peiy eléhent®y fem pRsSiaklsect  cditepdicswidmsphiingeié lehwrpsesey n

t hroughout suspensi.on 90 whi | e ayoi di ng upwant ed aqgl j he sane,
OO e A G ST PO BER ) S Rgrany Hog B heleydd

avoi ded gy BRnRrIbUAhIlME ba3e WaY Bhued viggheamsalihans déscitmddiciany el ement s
94 becones insufficient to coupl.e to and/ or fgeméﬂ? contam gnqén@& ;rreom

surface 98ddifigply)themiries fungtiqnglifyqf thegatprils; i pliich gopphine gements i ent |
suspensi of 190, 1PYe inAGddes AMe 3Rt dnATRoidRIMANABIisdiké efthibubi@nsisn 86,

i mm sci bl e conponent 111 that is entrained in | iqui)ﬂ region 192. hlrmi scible
conponent sch axdadkhxylatsy phosphaie suliaty geouph falyo! HoyRsofih _erﬁ’rfg% > % IS4 phase
Of mat er | BlhoncDlit a0 Bish S @Rblingldlehdhs 9 185RB o e YBBseon Sanmhisgi I &
conmponent s e are regions conprising entirely of a plurality of

spaced- apawcidigmenvrotidegslodiestion sbdic s4me dighfoum ajspbriandiall e hrBeeeess of

suspensi on 190. e, i mp sci t.Se; r S8 dnr UadeatiBR YT

i ncl usi ves%ﬁ%nﬁlé’ﬁ-sgpb# {Eg‘dﬁ %QQI{’/ETOE%BBH erfzrs)s|ltg§)t§/[}?i lgiﬁb%aage@g %m’n sci bl e
conponent souplidg efeyee94 becords fnswificichigo tolHlow ang/oga%@é’? CHREIBIGBYC M ar gon,
Ar, oxygen, .02, _ozone, 03, peroxide, H202, air, hydrogen, H2, anmoni um
NH3, hydrf)“frfaﬁ%?%'c acid, HF. 100481 Liquid phase inmi scible conponents 111
may i ncl ug@az kewrpheEigl 31 inwabght aletdesrebosineint, asspepsiort Efemathiaglufdesan

hept ane, octane, nonane, decane, or. m.neral oil. Alternatiyely,. |liqujd
phase i rrni‘%’i‘%'la(ecoé‘m?ﬂﬁmerﬁ% egi%asr?&ymmsé:ﬁ)&%%onmolnerg&l&b ag%seﬂlﬁlg}é%mrgoqgl iers.
Ref er ri ngdo,nhiob N ifingSiblécopdnéhis MUSBEMsy MolullO 8 ghuptasd, enisuisidhsteantolal | y

simlar to susame’nsi‘on 90 with respect to renovin c?nt am n tc 75,Oné/mt§ h
coupl i ng ehaspehatedal, ¢ sombinaier Histgoh| ﬁnfh%i"ﬁ?"lné‘?’g{’i? % Yupter 8‘“‘ el'dent s 94

and 1iquigf %g'rx%{l;bn% %8mpﬁ§iﬂ@el_§ua§ AR bludllyofsphicdapart gad pogkdtsldispgiedn 92. I n
suspensi on 190, "however, iTm scible conmponent 111 is believed to f’?CI litate
pl acing cOupighny lsishregivs 19Daf suspcasing 424 Thcrimmisible FUBRONSRISKPRPESF 1Y)
cont am nagy, 3o, T, LRE B0V, VBRI UxchBAEPDE phibeGhARRIIE OXi M Ly to,
or contact w't contam nant S'} , ‘
components 111 may be formed from the following gases: nitrogen, N, argon, Ar, OXygen,
0,, ozone, O3, peroxide, H;O», air, hydrogen, H,, ammonium, NHj, hydrofluoric acid, HF.
[0048] 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. Referring to both Figs. 4 and 9, suspension 190 functions substantially similar to
suspension 90 with respect to removing contaminant 75, with coupling elements 94 being
substantially similar to coupling elements 94 and liquid region 192 being substantially similar
to liquid region 92. In suspension 190, however, immiscible component 111 is believed to
facilitate placing coupling elements 194 in contact with, or close proximity to, contaminant

75. To that end, one or more of regions in close proximity to, or contact with contaminant 75,



13 is di sposed between contam nant 75 and one or nore inmm scible conponents
111. Having a surface tension associated therewith, inm scible conponent
111 subjects coupling elenments 194 to a force (F) on coupling el ement 194
in response to forces in liquid region 192. The force (F) noves coupling

el ement 194 toward surface 98 and, thgrefore, contam nant 75. Coupling

bet ween coupling el ement 194 and cont'am nant 75 may occur in any manner

di scussed above with respect to coupling el enents 94 and contam nant 75.

[ 0049] | nimidispésell betoeerpamntmtisant 7 anhgnelns mone inhigeible camperepidil o 2198 2pef or e
being dis on subst.r at. . Aal | 1AL S6 L 111
may be en u?%?egtg%sl?nnaléss%lsaf)egdr{tg?rgﬁltll’é%ﬁnﬁgnc@ %Aﬁa&éegdg‘%mﬁog%%n‘%u_gﬁﬁg;?%%agiposi ted
on fsurfagEMQSazidstgé(monawﬁﬁgggknmnat%dn bespénsp tecforcg$ indigipsbiesionr] 92.98h t h
surface t eby entrainjn : e :

sur r oundi ﬁ{f ezﬁ%%?vﬁs coyplige € le&%ﬁ%@%ﬁ ?%fﬁg&‘?%%%ﬁ% t%é?\éefg%kg&%%@? In:ﬂﬁ/fsn sci bl e
conponent Souplihg BB Wekiecogplivey eléracht fl Do mdecogasninting Bomee deant trhny nhdnge d r egi on
192 that cones ,out of solution upon suspension 190 .bej subjected to a
decr ease ﬁ?'FF“é*i‘?ﬂiaB‘Pﬁc "Hﬁ’e@g’t‘}?tetor"%‘l‘pg‘f‘g\‘i%m[egtsg?'é‘%‘gslﬁorn Aot al{sttr}gbensi on 190. On
advant age[0049)tihinSisd#10 68/Sonksts It NRay beentriindiit yuspénsion D8 befokebaigponent s 111
wll formproximate to cou Iin% el enents 194, due tgécou | i el enments 194

have movedisrosed presmbeiitfed4- rotrAty Pl ints e BigEPHPYITREd nﬁlﬁl.%efﬁ YNNEr eases

the probaRishdnkiint BRE:-SAWR bispens@IngTBahLS ddpddit@auplifig 98idnt/oc ony dai nant 75.
100501 As wth bi-state suspension 90, tri-stat sus&enm on 190 rrﬁ%/ i ncl ude

addi t i onagenertasdempact phsuspRasIoy 10 with Fprfase &8 teaeby SHBRIPIG EASEHARR 814 bet ween
coupling Iege'ﬂ?ﬂttge %u%%aﬁd}ﬁjg SAREATE PaRtnerdnRl a $6eRIh &ne hgnpdididchee | 1 qui d
e nodifie

nmedi um ca to cancel Surface charges on one or both of the
solid conposenentaht] manbeganemted foaensasisolpdvithigdagidireeipl hid BalrPmes

reduced o 1 £1ed L1 Ly rRLLR 18 XS hi gsmguspensi on
190 may b‘ém%%(%l{étﬁléen iy %ch%ﬁsﬁog’lq?bg}é mgtﬁg‘ﬁaéet%%ed?pr opelrjt i egﬂgﬁeﬁ 1éo,f . For
exanpl e, wtutivk ingresent asperGbmi®). o dlumniad of Fenpracesaisehitalpe mejpaty of

ol | a1 A ARG QOB ek NSRS PURRL | onal |y

with tenpP shion,” once el enents 94 conformto a
shape of elemkmsiMaive roked tettipdemdérfore gfaviy spendiwficady Das oiseaspsdhe o
reduce the |.].eability thereof. Addit.ionall lubility of suspension
190 and, nga@{"téf%* C?%Pén%gﬁglgﬂtfﬂg ?%‘?‘i’h}?ﬁ W?gﬁ%?t?rgng&g?éhents 94 may vary
propor t i opkblyASwith BL&AS Slspeiyi@paD; tri-smelshspendiorhl Wanpeindude iditf@@b11 An

exenpl ary suspension 190 is fabricated by conhining Steari.c acid sokids,
heat ed abeRmBPOPENIEE WP}, anddmpjoyg H@a?f’@gm&%‘?? anjgn &lﬁ’g?lh%o.”plf%glaﬁgﬁf ?%‘%/ of

Stearic agjdfon@hlifiht CRsRkARSe Whe P loh he DigUVdi sedanp embarabdifiyd @.chfoet 0 10%
i nclusive by weight. This conbination is sufficientl. to‘gg]i ﬁEReFese/ zqul sify
t he Stear bwiage rlthrees oponer Rotinpk the FPHM@“EPW“”‘?L%@W@“%WW dpat grecppiatic

combi nati on,,| ' ¥6edd ARithakily, Ad @Rpdiaresdyemid 6 sagledsiepdgpnent s.
This is ag%i“lé\%’é‘ggﬁ:gﬁ% f%gﬁla base, ltsuch)F as an?rtfni lteryﬁy roxsi e (NI-140H) to

provi de anephcemploaed r@womfolm@%@n@e pmrtieﬁwﬁgf-@rwam@wﬁ%’?h%_ this
anner , anleﬁx%h?@? A bg]fgﬁnlé? Erolnsa H AR Y e WalE 115 0B ivhich BithylBingg0 Minutes to
h&“hs g ty o d

ensure t ene e mxture. The acid-base m xfure 1s allowed to
reach anbpsmpbrtioasiiyesratverselyairbpaiorglly withfternparatursi dn S fashion. ppexipptizg e and
duri g pr EEPENE S8 PR TR e s an e T R AR DB BT B erer
i ncl usi ve chdn@sd Sakdlce teonpieastity tdrdofirayddimnaldy, tecofubdity ehsusadnsiendP0 of air
within t hemi ‘i}i,e?éfg%,st e E:Tj)rz(cterlljt;aef‘iogsof E:ohu%ling elements 94 may vary proportionally or

inversely proportionally with temperature. ‘

[0051] 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.



sanme is stirred, if desired. [0052] In another enbodi nment, suspension 190
is formed by fromgranular Stearic acid solids mlled to a particle size in
a range of 0.5 to 5000 microneters, inclusive. The mlled Stearic acid in
granular formis added to DIWwhile agitating the sanme to forman acid-DIW
m xture. Agitation of the DIWmay occur by any neans known, such as
shaking, stirring, rotating and the I*ke.  The Stearic acid forns
approximately 0.1%to 10% inclusive, by weight of the acidDIWm xture.

Di ssoci at i b fevéilte thSicembinati@cis ddjustediatiive Yeanbyrabist thbbteaiviasi t he pH | evel

of the acid-DIWm xture to approximately 9 b ddi : :

exenpl ar W%ﬁ@éeqtth%’éé‘ClHFﬁ?gﬁVﬁﬁ&ﬁ%ﬁk’%@?i %1513(611@&%6@): ih&ﬂrgﬂgiggl?gﬁ?ffgﬁ on of
0.5% t 0 10%;idk RebiShtvRioR )t WR5Bhd 10%einbasiee beutiphl. ila gss taencStasaridbagei d
conponent” form ng anmoni um stearate salt particles. Typical NHAO014 i s
added to MHEEIEH ﬂmdemciéﬂﬁﬁ“éfeﬁi\fﬁ"lzg "‘t“ﬂ‘éte%‘%rf@s‘i“éthSZ‘ioﬁlﬁg%ﬁﬁ?gtégtr@gm i sperse

the sol i difi £6-SEafikErcachitbwRakS fabieambibitatighwatiretallewagitat Bity\eril xaltice.  The
size distribution of these solidifi i

Ul _ i ed ampni u stearate, aﬁﬁ%h?‘ﬁnﬂeﬁ in a
range of Dregipitae Bnoom pruniipgelemerts 194t tideyized PYERHIE ' PE “arict her
embodi meng, . f Lige H A EE%@ fr 03 306% @RFdEet@aindlidiee. daindsaiblxt ur e
di ssol ved&?rﬁ"%ﬂjz% r%%@?mé C%Holl (er ‘ovxlni le the PAis gﬁgl t at ed, as
di scussedcatymnent [Thirgy pe duingd fom csnivawntfEirayther thgpeddpd e £5MSci ds
present in th‘escro&clef rayion froma range 2%to 20% inclusive by weight.
Heating of®¥ha SY'EA: W16 “avoi di ng boi I i ng of the same and/or addi nglqilrg
organi ¢ sqi0BeNn ansthetenisdiet, snpendienrie fasmed by Gawi awnuias SeeHe AEE £l ay
improve solubility of the fatt i 0. - [ Bl e il 1daRearic
concent ram‘lgfi‘? PP r\ﬁheﬁbzed?%Eagg%?%%%n%@ﬁﬁllel%?ﬁ%&é{ E%Vfi I t?altli on ‘_:)dr]rl
cent ri f ugadill angrh@ARToENIBSddqErto BIW wijleagiolingthé saves 4P #roarid-PAY BEIE-f r ee

solution may be m x ith a liquid that i on- . - ty
acid, suc I‘?‘%@“‘W&ﬂmél?eﬁjdltvwmﬁ?’88?”6#’?3?%“’5&“}83??@9’%8& ssgﬁ%l%é@ﬁ'ﬁg‘%&og@%%tﬁ_&at ed
fatty aci ¢helReOTRS SEMSPRNTIDENS fHpsedinhtclyrd. Wotd1 0% andisies, 8y steighbof theaciin t he

range between 0.5 and 5,000 m crons, i.nclusive  Th 2ar J | onent
may be i oflIYemixtye Bissecpdiongt b simanc “C;L’g ‘S[‘?fg‘\?ﬁid 1ﬁeefsglrb rﬁléh?]% {thgpﬁﬁé‘?el ?E%ﬁxlpn
accor dance Wirsiy aQhRes HeAHHRskiFREL Gy ddamgRMARENtn brphty bmsedndudsst r at e

cl eani ng system 400 (S%S)(%\I i ncl udes a plural |é¥0 of b(g)’ITEI‘FI on t%ré;k%t 1slpown as
402, 404 amehondsn hyEsedeoNH AR 7 BANcEEFAtien 26957040 40%n elBEe By Y18l Uife any
one of Su??&%hﬁ%%g%ﬁ%re?ﬁc @L’@m;l)(o%eﬂ-fonﬁl@%%hﬂﬂl Dr4E salBfrtiodespi cker

systemth i'nc ple pickers, shown as 408, 41Q l(’;\nd 412, Each of
pi ckers 403pially taNERO! is sddsdupthe acibdD I srgrisdtile th B S0TPHARAFIL o t hat
a substrate 64 hel d. . j ; 0150 nibddre B e Bige pl aced i n
any one ofd'ﬁpﬁrﬁ%Bgisgﬁgﬁgﬁ%gar%gh%djj@ﬁtmé(%gﬁ%g%hfbgg?g?_éei% 400 is_operated under
control ofdigripnios estese sélidificdnubninm staaratepatiderinim? ©Bags ofP-aia hoY

conput er -readabl e nmenory 418. Processor 416 controls operation of system
400 to su%ﬁ?ﬁ?t%%%rﬂgﬁ%es 64 into imrersion tanks 402, 404 and 406. To
that end, [p653¢@5$QMnbtBeriembddingnt enspemsi@akdi0onfonnehiremaditerricapbnitip geid

functions to nove pickers 408, 4 1 I . as nove
substrate "GFZ&t"ir‘?l‘f“é‘i"P"&aéf‘ 69113"0633 ,alcf’ﬂ}‘gréﬁg}c&o“#‘%é%(@&%%‘?@aj‘%%ﬁac 15\.%!3?3@ essor

i s al so i npdasavieaTemtaRGiieNofwidsbived fitsl asidppichans indB@ cont@atratiod f@Ren t o

regul ate the introduction of fluids into i ion, tanks 4 and 412.
Addi t i onal®gge 23 a8 dnclusiys bysvighty g‘%@%ﬁ%gﬂ %nav\(/)\hlﬁ{%%%ﬁl%roif?%en t anks
408, 410 as?gle%&&oxtQidﬁ%r%ro?éantc@@v@ﬂ,e&@hia@ﬁbe’tdﬁ@! afcne@r g combinatidn thevedf; ai nage
of fluids fromimersion tanks 408,410 and 412.. ,1005%]6 Ref e{{ri ng lﬁ)o bot h
Figs. 10 amay itprove solvbilist pighe fagnacids Agy srlifssempaing i e SRY RS IONIRoH "4

pi cker 408, ' SHRe ' (@& ti0h tdcHATBIS] BodiamnksseidArec4 04
and 406, s ‘%S%ﬁ*"‘gﬁ*’%if’ﬁa mr%?gihgrr?@?‘égﬂ%goz%mi o nmer si on tank. 402,
subst r at e ®dutives ke sopidrfresisplution mapBe mirpdeyidy vidhgt ‘ﬁ@?"i“é"]f’ﬁ?%nmg]?q LY with
solution 71.. Sol.ut.i 71 L.S:k rqgtﬂp_ L0 ThELRSHHh@d fHiaeiddodader
operation %:fd’ ?cgéét&@gerr, iflée,%lp\l}\tﬁt:egh a%:\ciq? ig({ﬂgf ggg%unppi( not ?hovvn of fluid
suppl y 422susgendedia ssiotion wih tilsiderdgstipution én te sange bemaeh P 2838.08R 8 A% t he
appropriate i nmer.sj t ank. 4 4 T, f,bOW i nto i mersion
tanks 402, '1651.“’%n@he%%ﬁ“célﬁ‘é‘ﬁ%%?”’?%‘emggg%fh?’%g?’uagéiggggsg(g%'b\?e 432, 434 and 436,
in data comruni cation with, and operated under control of, processor 416.
Val ve 432 selectively allows and prevents fluid fromprogressing fromfluid
supplies 422, 424 and 426 to i mrersion tank 402; valve 434 selectively

all ows and prevents fluid fromprogressing fromfluid supplies 422, 424 and
426 to inmersion tank 404; and val ve 436 selectively allows and prevents
fluid fromprogressing fromfluid supplies 422, 424 and 426 to inmersion
tank 406. Drainage fromimersion tanks 402, 404 and 406 is regul ated by

o S o AN A o .



16 100561 During one node of operation, solution 71 is introduced into

i mersion tank 402 at outlet 446 to fill upon imrersion tank 402. This may
be achi eved before or after introducing substrate 62 into i mersion tank
402. Typically, however, substrate 64 is position in inmmersion tank 402
before introduction of solution 71. A&ter resting again support 428,
processor 416 introduces solution 71 Tnto inmersion tank 402. As sol ution
71 is introduced through outlet 446, processor 416 activates punp 438 to
evacuat e [9054)tRederriid tof Fignh0i imeegosdaoer vinknote? embedimpiteof o imesent 18VA3EPR 8t e 64

is exposed.to. a.continuous .kl QN Lo 2t hat
cach bt AR F e R EeH 00 (S5 el SR Ml Ol &t inrher SR inkls, Soiod fbo; B
expose SudBtand#es.6Bach@f anmemion manks 07, Modaref 40Sahayt indnde7any oie of SIEpPEneRas

val ves 432, 434 and 436 woul d he rated t I i : : sol ution
T o BheE Ao fr S 945y TR UCHE SRy Gh A IR MBEERDIGES O bl o1
406. Al t eqhaatiay 208, 410861 02, PasleoffickeraBs4 1Omunt 4k & c60Red hldcipredatd @Bngay

i nclude DIW _supplied fromo f . supplies 422 d Afte i ng
exposed t‘(‘)tr%l‘*df‘is%wa‘?i?ubéﬁﬁgng‘%g bBGE}PWLﬂ%Q'%gSélgés@g aBéggleﬁ‘%E%ﬁ‘B%?ed to
DI W Thi sinmay oR€ofBaendibd eRadiody4ddidnti 40g SnRenodod isopdrsied ondeanksrodafy 404 and
406 with DIWand then introduci ng subst :\H%e 64 therei r\jl Al ter n(gltgi vel y,

subst r at ePreZessaiyt 1 Hevielels dhdats porpRBNIEAtIoON FAGOBRUICLHRgabIg BEMORH Sang 406,
after whi gf3cdsidre | Pe¥Matbgdrdi@n oniysRetRdo biinrid @ bsa®. 64AstouRklersiane  of

i mrersi on tanks 402, 404 and 406 may i nclude suspensi gn 90 whi | eA%Qe of the
r emai ni ngtankaAdRs#Qrand 4Ak.s Ta tipt erGldPrapRFSAOBINARR GORBIYNFLETY WHEASYUN 4280, with

the remi {%Mnétfsmg{osrh% é}i%@ﬁ?«ﬁlio a%QQIQEHGnéQQ:kVﬂW! £ wANdsahdveBiMMratervat hi s

configuration, substrate 64 wou be exposed to both suspensions 90 and 190
bef or e beintgand mgofl imirersial teuks|408 4 Otaad 4 | | Rrogessas dxplenipidate) cpmanisiraon
substrat e spenal toe Al 1 irAmGRMAON

i mer si onw?§ﬁ§%f§§g§efg%é‘???@%&%ﬁg‘%@gﬁ%ﬁk}%%Eg&%gz 404 éndl406 may be

seal ed af taeks 408bst0r anlet 1 B4Alditiphalyeprotdsenr dil s is datmsolbinuaieoiéen WD seal i ng
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direction opposite to gravity-g so as to pass adjacent to opposed surfaces
65 and 67 of substrate 64, with solution exiting imersion tank 502 by
passing into throughways 542 and 550 onto drains 570 and 572, respectively.
After exposure to a sufficient quantity of solution 71 surfaces 65 and 67
are rinsed by exposure to one or nore of IPA and/or DIW To that end,

val ves 580 and 588 are deactivated and val ves 582 and 590 are activated. In
this fashion, substrate 64 is exposed to DIWfrom supplies 576 and 586,
with the DIWpassing into drains 570 and 572. Alternatively, valves 551,
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100591 Referring to Figs. 12 and 13, in accordance with anot her enbodi nent
of the present invention, another enbodi nent of imersion tank 502 is shown
as imersion tank 602 in which a body 607 throughways, 642, 644, 646, 647,
650, 652, drains 649, 670, 672, supplies 674, 676, 684, 686 and val ves 680,
682, 688 and 649 provide the same fungdions provided by body 507

t hroughways 542, 544, 546, 547, 550 and 552, drains 570, 572, supplies 574,

576, 584, 586 and val ves 580, 582, 88 d 549 ectivel ition,
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64 as the 32086 GXidufhe! SHRMEAPEY 52 that may be connected to a purge gas supply 454, such as

helium. In this manner immersion tank 406 may be environmentally controlled to reduce, if

not avoid, premature drying of subsirate 84. An O-ring is employed to form a hermetically-
tight seal between cover 450 and immersion tank 406.

[0057] Referring to both Figs. 10 and 12, another embodiment of immersion tanks 402, 404
and 406 is shown as immersion tank 502 having a lid 503 with an o-ring 505 forming a fluid
tight seal with body 507 of immersion tank 502. Specifically, immersion tank includes a
plurality of throughways 540, 542, 544, 546, 547, 548, 550 and 552. Throughways 540 and
548 are selectively placed in fluid communication with a supply of isopropyl alcohot (IPA)

and DIW, and throughways 546 and 552 are selectively placed in fluid communication with a



tank. [0062] Wile this invention has been described in terns of several
enbodi ments, it will be appreciated that those skilled in the art upon
readi ng the preceding specifications and studying the drawings will realize
various alterations, additions, permutations and equival ents thereof
Therefore, it is intended that the prgsent invention includes all suéh
alterations, 19 additions, permutations, and equivalents as fall wthin
the true spirit and scope of the invention. In_the ts and/ or

iy o s et s Binsivie ol sl W01 1
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i ncl udes gRIYEANeRRDEGelY. NEirenghwas 18 memetbh @dec@iyp(ﬁy’rql%gpqi] gt thud communicatlonl ch
with IPA supply 562 and DIW supply 564 vis-a-vis valves 566 and 568, respectively.
Throughways 542 and 550 are in fluid communication with drains 570 and 572, respectively.
Throughway 546 may be selectively placed in fluid communication with a supply 574 of
cleaning solution 71 and DIW supply 576 vig-a-vis valves 580 and 582, respectively.
Throughway 547 may be selectively placed in fluid communication with drain 549 vis-a-vis a
valve 551. Throughway 552 may be selectively placed in fluid communication with a supply
584 of cleaning solution 71 and DIW supply 586 vis-a-vis valves 588 and 590, respectively.
[0058] In operation, substrate 64 is placed in immersion tank 502 in the absence of solution
41, One or both of valves 580 and 588 are activated, under control of processor 416 to
generate a flow of solution into immersion tank 502 through throughways 546 and 552,
respectively. As a result, flows 600 and 602 of solution 71 are generated that move ina

direction opposite to gravity g so as to pass adjacent to opposed surfaces 65 and 67 of

substrate 64, with solution exiting immersion tank 502 by passing into throughways 542 and
550 onto drains 570 and 572, respectively. After exposurcto a sufficient quantity of solution
21 surfaces 65 and 67 are rinsed by exposure to one or more of IPA and/or DIW. To that end,
valves 580 and 588 are deactivated and valves 582 and 590 are activated. In this fashion,
substrate 64 is exposed to DIW from supplies 576 and 586, with the DIW passing into drains
570 and 572. Alternatively, valves 551, 560 and 568 may be activated to allow flows 610 and
612 of DIW along a path in the direction of gravity g and exit to drain 549 This is
undertaken in the absence of a vacuum. After substrate 64 is completely submerged with
DIW, pump 570 is activated to remove DIW. In a similar manner, substrate 64 may be rinsed
with IPA from supplics by activation of valves 558 and 566.

[0059] Referring to Figs. 12 and 13, in accordance with another embodiment of the present
invention, another embodiment of immersion tank 502 is shown as immersion tank 602 in
which a body 607 throughways, 642, 644, 646, 647, 650, 652, drains 649, 670, 672, supplies
674, 676, 684, 686 and valves 680, 682, 688 and 649 provide the same functions provided by
body 507 throughways 542, 544, 546, 547, 550 and 552, drains 570, 572, supplies 574, 576,
584, 586 and valves 580, 582, 588 and 549, respectively. In addition, immersion tank 602
has formed into body 607 two additional throughways 691 and 692 that allow access to
immersion tank by IPA from supply 654 and 662, respectively. Specifically, valve 658



concurrently generating relative novemrent between a plurality substrates
and a solution by exposing a cassette having said plurality of substrates
contained therein to said solution, with said solution having coupling

el ements entrained therein and said relative novenment inparting sufficient
drag upon a subset of said coupling glements to create movement of the
coupling elenents of said subset within said solution and inpart a quantity
of said drag upon said contam nants to cause said contamnants to nove with
respect talosaisdesivbiytacatseof IPA from supplyTdid taipmediogdankfe s wdve 480 éf*awn 1
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immersion tank 602 in the absence of solution 71. One or both of valves 680 and 688 are
activated, under control of processor 416 to generate a flow of solution into immersion tank
602 through throughways 646 and 652, respectively. valve 551 is deactivated to prevent flow
of solutiont 71 into drain 549. As a result, flows 700 and 702 of solution 71 are generated that

move in a direction opposite to gravity £ so as to pass adjacent to opposed surfaces 65 and
67 of substrate 64, with solution exiting immersion tank 602 by passing into throughways 642
and 650 onto drains 670 and 672, respectively.

[0061] Referring to both Figs. 13 and 14, after exposure to a sufficient quantity of solution 71
surfaces 65 and 67 are rinsed by exposure to one or more of IPA and/or DIW. Specifically lid
601 is removed to place expose throughways 691, 692, 540 and 548 in fluid communication
with throughways 542 and 550. Valves 658 and 666 are activated to generate a flow of IPA

under force of gravity g that results in the formation of a meniscus 700 where solution 71

contacts IPA and air in immersion tank 602, During the flow of IPA from both throughways
691 and 692 motor 694 operates to move holder 693 and lift substrate 64 out of immersion
tank 602. As a result, solution 71 is removed from substrate 64 as the same exits immersion
tank.

[0062] While this invention has been described in terms of several embodiments, it will be
appreciated that those skilled in the art upon reading the preceding specifications and
studying the drawings will realize various alterations, additions, permutations and equivalents

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



to produce a volune of said solution in said tank sufficient to submerge
each of said plurality of substrates in said volune and renoving said
cassette fromsaid volune to generate relative novenent between said

surfaces in a second direction opposite to said first direction. 6.
A method for cleaning a substrate havjyng opposed surfaces, one of which
i ncl udes contam nants thereon, said nmethod conprising: generati ng

rel ati ve novenent between a solution and said subst[ats, in di rection
t r ansver sslditigng PrERHations.ang Aeviprlenisastald piBudhe SR PHLSLd St f Bt e t wo
spaced- apgldntibh Olfthe S, AEmMWL Gh/drStpdHERSNInplyQnd PartRb1ab Gider STRPeGEh,
surface that differs fromthe opposed surface that is adjacent to the

r emai ni nginfgseoxpdicitystatedon theadldimy. of flows, with said sol ution having
coupling elenments entrained therein and said relative novenent inparting
sufficient drag upon a subset of said coupling elenents to create novenent
of the coupling elenents of said subset within said solution and inpart a
guantity of said drag upon said contam nant to cause said contam nant to
nmove wWith respect to said substrate. 7. The nethod as recited in
claim6 wherein each of said spaced-apart flows nove in a common direction
8. The nethod as recited in clainb wherein said two spaced-apart flows nove
concurrently about said substrate. 9. The method as recited in claim
6 further including reversing a direction of said spaced-apart flows.

10. The method as recited in claim®6 further including placing said
substrate in a receptacle and generating further including directing two
streans of said solution toward said substrate froma first end of said
receptacle and renoving the solution of said two streans froma second end
of said receptacle positioned opposite to said first end. 11. The
nmethod as recited in claim6 further including placing said substrate in a
receptacle with said normal extending transversely to a direction of
gravity and generating :



22 further including directing a streamof said solution toward said
substrate, with said two spaced-apart flows noving in a direction
substantially parallel to said direction of gravity. 12. The met hod
as recited in claim6 wherein generating further includes inparting upon
the coupling elenments of said subset w thosufficient nmonmentum so that the
coupling elenents of said subset contact said contam nant and cause said

contam nant to nove with respect to said substrate. 13. The met hod
as recited in claim6 further including ing, fromsaid solution,
foam wth said two spaced-apart flows c fSting of said foam 14.

The nethod as recijt ed kMo b@icBafink 4iphfi&iy bhaibbithitidapingdppisad surfacenmslanst

solution, a foamso as to generate said two spaced-apart flows
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coupl i ng- el enBAreiboRB TRy EnT af BE] 1P v RLAR AR IR nee) Gop

sai d drag upoguaafiythfc£8 BaRiupaMEaid vhritdmisantsltoqpaasstsiidyoblemignisfto seve Mélent
magni tude to cause sajd contam nant to nove with respect to said substrate.
16. The met hoteseest OsaidsBYal ¢ aj m 15 further including pl aci ng said
substrate in a receptacle and generating further including directing two
streans of said solution toward said substrate froma.first

.sal, n sai d
receptacl e and renbvFlfgnethed asgesiterd dhclgim &¢8@FWB“§FF@3%§“FF8ﬁ¥g?@%%ond end
of said receptagligs APAL L ARSHHQRRIASI it IR fifiak d vbluhftana ierting said cassette into

said volume so that each of said plurality of substrates is submerged into said volume.

3. The method as recited in claim 1 wherein concurrently generating further
includes filling a tank with said solution, defining a volume and inserting said cassette into
said volume to generate relative movement between surfaces of said plurality of substrates
and said solution along a first direction and removing said cassette from said volume to

generate relative movement between said surfaces in a second direction opposite to said

first direction.

4. The method as recited in claim 1 wherein concurrently generating further
includes placing said cassette into a tank and introducing said solution into said tank to
define a sufficient volume of said solution so that each of said plurality of substrates is

submerged within said volume.

5 The method as recited in claim 1 wherein concurrently generating further
includes placing said cassette into a tank and introducing said solution into said tank to
generate relative movement between said solution and surfaces of said plurality of

substrates along a first direction with a sufficient quantity of said solution being introduced



17. The method as recited in claim15 further including placing said
substrate in a receptacle with said normal extending transversely to a
direction of gravity and generating 23 further including directing a
stream of said solution toward said substrate, with said two spaced-apart
flows noving in a direction substanti all y’lparal lel to said direction of
gravity. 18. The nmethod as recited in claim15 wherein generating
further incl ud@&dumcﬂmnmoﬁspdrsotumen mmpﬂ feplgsusticipn h %mem%‘eﬂa@h el isiet
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said cont ani MRt am nant to nove with respect to said

substrate.  generate }QativEhsovericttdsttvesn sadistrdabes in acdeaine diScanrappesiteitmediddi ng

produci ng, fromsaid solution, foam wth said two spaced-apart fl ows

consi sting of &g Pam 20. The nethod as recited in claim 15

further including producing, fromsaid solution, a foamso as to generate

said plurality of flows consi n sent i, al gam a %r m nati ng
e Rt

sai d two spaced- afart PPEhET 4 SH@egﬁY'Hggwg?(fé'{%c?Soorg of it on to

renove said fs%ﬁ@e@@&n%ﬁﬁ%ﬂﬁre%al didnbbd adnprismga vacuum to renove said

sol ution. . A system havi ng a proces n for cle
cont anmi nant from GB@?@@% relati fegp@ement '%Ft‘é’iﬂﬁ'sat%og‘[“@g a’é‘ggaégwgf%?n”?:@ ?‘itgf’ng a

sol ution handl,08.34ha S¥$i8 M one of said opposed surfaces, to create two spaced-apart flows,
each of which is adjacent to one of said opposed surface that differs from the opposed
surface that is adjacent to the remaining flow of said plurality of flows, with said solution
having coupling elements entrained therein and said relative movement imparting
sufficient drag upon a subset of said coupling elements to create movement of the coupling
elements of said subset within said solution and impart a quantity of said drag upon said

contaminant to cause said contaminant to move with respect to said substrate.

7. The method as recited in claim 6 wherein each of said spaced-apart flows move

in a common direction.

8. The method as recited in claimé wherein said two spaced-apart flows move

concurrently about said substrate.

9, The method as recited in claim 6 further including reversing a direction of said

spaced-apart flows,

10. The method as recited in claim 6 further including placing said substrate in a
receptacle and generating further including directing two streams of said solution toward
said substrate from a first end of said receptacle and removing the solution of said two

streams from a second end of said receptacle positioned opposite to said first end.

11. The method as recited in claim 6 further including placing said substrate in a

receptacle with said normal extending transversely to a direction of gravity and generating



a carrier sub-systemto support said substrate,; a housing assenbly
including a receptacle in solution conmunication with said solution

del i very sub-system a processor in data communication with said
solution delivery sub-system said carrier sub-system and said housing
assenbly; and a nenory in data com®nication with said processor,

said nenory storing conputer-readable instructions to be operated on by
sai d pr ocessdnrthes aollidbanditeteng 7 srdalf eaifl pelttioncbivardsaidrubsidion il SHEFYP set

of code to contrql sajd carrier sub-system and pl Lok SURSEITat&idl N
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sub-systemto inpinge, upon said substrate, a plurality of flows of said
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bei ng of sufficient magnitude to cause said contam nant to nove with

respect to said substrate. 22. The systemas recited in claim 22
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sub-routine to contr sol ution handling systemto termnnate said
plurality of soluias, fam, With $aidbyospreedaapera Epws gpmsistingpipakbioai on and a second
sub-routine to control said substrate carrier sub-systemto renove said
substrate fromsaid receptacle, thereby generating relative novenent
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opposite to tfigrehsls@ldini@hdaipRBheLet ween said opposed surfaces and said
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generating a plurality of flows solution adjacent to said opposed surfaces, each of
which includes coupling elements entrained therein, with each of said plurality of flows
imparting sufficient drag upon said coupling elements to cause a subset of said coupling
elements to move within said solution and impart a quantity of said drag upon said
contaminant, with said quantity being of sufficient magnitude to cause said contaminant to

move with respect to said substrate.

16.  The method as recited in claim 15 further including placing said substrate in
a receptacle and generating further including directing two streams of said solution toward
said substrate from a first end of said receptacle and removing the solution of said two

streams from a second end of said receptacle positioned opposite to said first end.

7. The method as recited in claim 15 further including placing said substrate in a

receptacle with said normal extending transversely to a direction of gravity and generating



24. The systemas recited in claim22 wherein said plurality of flows nove
along a first direction and said conputer-readable instructions further
includes a sub-routine to fill said receptacle with a quantity of said
solution and termnate said plurality of flows followed by controlling said
carrier sub-systemto reciprocate said suBstrate in said quantity of
sol ution between said first direction and a second direction, with said
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system as remte&in | a wherei n sai I ng a
first directi%B#® ﬁaa%ﬁ?‘as %’8?‘:‘8%%? diresHialp bétaﬁtrllag %’arcaﬁl?égﬁém L??t %calqﬁgeg a
SUE routi ng to control said carrier sub-systemto reciprocate sal d
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imparting upon the coupling elements of said subset sufficient momentum so that the

coupling elements of said subset contact said contaminant and cause said contaminant to

move with respect to said substrate.

19. The method as recited in claim 15 further including producing, from said

solution, foam, with said two spaced-apart flows consisting of said foam,

20. The method as recited in claim 15 further including producing, from said
solution, a foam so as to generate said plurality of flows consisting essentially of said foam
and terminating said two spaced-apart flows and exposing said substrate to a solution to

remove said foam and exposing said substrate to a vacuum to remove said solution.

21. A system having a processing region for cleaning contaminant from opposed
surfaces of a substrate, said system comprising:

a solution handling sub-system;

a carrier sub-system to support said substrate;

* a housing assembly including a receptacle in solution communication with said

solution delivery sub-system;

a processor in data communication with said solution delivery sub-system, said
carrier sub-system and said housing assembly; 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 a first set of code to control said carrier sub-system and
placed said substrate in said receptacle and a second set of code to control said solution
handling sub-system to impinge, upon said substrate, a plurality of flows of said solution
adjacent to said opposed surfaces, with each of said plurality of flows having coupling
elements entrained therein, with said solution delivery system established to have each of

said plurality of flows to imparting sufficient drag upon a subset of said coupling elements



24

to cause the coupling elements of said subset to move within said solution and impart a
quantity of said drag upon said contaminant, with said quantity being of sufficient

magnitude to cause said contaminant to move with respect to said substrate.

22. The system as recited in claim 22 wherein said computet-readable instructions
further includes a first sub-routine to control said solution handling system to terminate
said plurality of flows and fill said receptacle with said solution and a second sub-routine
to control said substrate carrier sub-system to remove said substrate from said receptacle,
thereby generating relative movement between said solution and said opposed surfaces in a
direction that is substantially the same as the relative movement between said opposed

surfaces and said plurality of flows.

23. The system as recited in claim 22 wherein said computer-readable instructions
further includes a first sub-routine to control said solution handling system to fill said
receptacie with said solution, defining a filled receptacle, and a second sub-routine to
control said substrate carrier sub-system to place said substrate into said filled receptacle,
thereby generating relative movement between said solution and said opposed surfaces in a
direction that is opposite to the relative movement between said opposed surfaces and said

plurality of flows.

24. The system as recited in claim 22 wherein said plurality of flows move along a
first direction and said computer-readable instructions further includes a sub-routine to fill
said receptacle with a quantity of said solution and terminate said plurality of flows
followed by controlling said carrier sub-system to reciprocate said substrate in said
quantity of solution between said first direction and a second direction, with said second

direction being opposite to said first direction.

25. The system as recited in claim 22 wherein said plurality of flows move along a
first direction and said computer-readable instructions further includes a sub-routine to
control said carrier sub-system to reciprocate said substrate between said first direction and

a second direction, with said second direction being opposite to said first direction.



