|  METHOD AND APPARATUS FOR TRANSPORTI NG A SUBSTRATE USI NG NON- NEWTONI AN
FLU D 5 BACKGROUND |[0001] A substrate, such as a sem conductor wafer, can
be noved fromone |ocation to another |ocation by a variety of nethods.
For exanpl e, nechanical rollers are typically 10 used in sem conductor
manuf acturing systens to nove the substrate within the system
Specifically, a substrate maybe pl aced between rollers such that the
tapered surfaces of the rollers catch the edges of the substrate. To nove
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direction of the_rotation. mw th rolTers, ~an mechani ca
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conplicated. Furthernore, rollers nust make contact with the substrate to
nove the substrate. Such contact can exert considerable stress on the
substrate, which may |lead to the degradation of the substrate. [0002]

Wat er al so has been used to nove a substrate. For exanple, the substrate
can be placed in a flow of water to nove the substrate in a direction of
the flow The problem 20 with using water to transport the substrate is
that the substrate can sink and stick to a bottom surface, thereby inpeding
transport of the substrate. \Wen tBacubgbuaie 1S stuck to a surface, the
substrate cannot easily be dislodged. The substrate sinks to the bottom

because cannot support the substrate, Accordingly, the use of water
to transﬁb&hltﬁﬂ%" LS ?ngﬁ@s & apMisendinien v afp eambymoned g’ﬁ@s‘lﬂed@@uioé 'Drone to

bei ng stu ' ¥ : I L f I g is a
need to proTloRRiGHY Sffrichol HONSAs, Rt pEAGaLALRIRIM. phIEIE
t ransport usdbinsatpstondtgor BaNARYing 0664} tBroad tiic sytaakiervgihih e gysesent

oo b5, BSOS RL o0s, JaPR ALY ERy s ga Yot ere
i nvent i onyigAn11Be daf¥RlROEIYEar fHR sTMNTRLOUS, MRBYS thel UG4HAL Ik AFeR BBENRd. a
push the substrate towards a direction of the rotation. The problem with rollers, and other
mechanical devices, is that the mechanisms associated with the rollers can be
15 complicated. Furthermore, rollers must make contact with the substrate to move the
substrate. Such contact can exert considerable stress on the substrate, which may lead to
the degradation of the substrate.
[0002] Water also has been used to move a substrate. For example, the substrate can be
placed in a flow of water to move the subsirate in a direction of the flow. The problem
20 with using water to transport the substrate is that the substrate can sink and stick to a
bottom surface, thereby impeding transport of the substrate. When the substrate is stuck
to a surface, the substrate cannot easily be dislodged. The substrate sinks to the bottom
because water cannot support the substrate. Accordingly, the use of water to transport
the substrate can be unreliable and the substrate is prone to being stuck at the bottom.
25 [0003] In view of the foregoing, there is a need fo provide a simpler and more reliable

method and apparatus (o transport the substrate.

SUMMARY

{0004] Broadly speaking, the present invention fills these needs by providing methods,
apparatuses, and systems for transporting a substrate. It should be appreciated that the

30 present invention can be implemented in numerous ways, including as a method, a



2 system or a device. Several inventive enbodinents of the present
invention are described below [0005] In accordance with a first aspect of
the present invention, an apparatus is provided that includes a chanber
with a cavity in a formof a conduit. The conduit is configured to 5
convey a non-Newtonian fluid to enable ttansport of a substrate through the
conduit. [0006] In accordance with a second aspect of the present

i nvention, ..A; - n N ubstrate i s provided. The system
i ncl udes a°¢ eglyﬁ%grgq%ﬁg% %%‘%%?@%Mﬁgll%f@?eﬁtﬁo &6&5?563{1 verdied %% i nput port
in a wall ddsciitvea lel@mber. The input end defines a first opening capabl e of

receiving the substrate and the output end defines a second i 0 opening. The
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25 filled with a non-Newtonian fluid. The chanber has an input end and an
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{0007] In accordance with a third aspect of the present invention, a method for

transporting a substrate is provided. In this method, a non-Newtonian fluid is provided

and the substrate is suspended in the non-Newtonian fluid. The substrate can be

suspended because the non-Newtonian fluid is capable of supporting the substrate.

20 Thereafter, a supply force is applied on the non-Newtonian fluid to cause the non-
Newtonian fluid to flow, whereby the flow is capable of moving the substrate along a
direction of the flow,

[0008] In accordance with a fourth aspect of the present invention, a method for
transporting a substrate is provided. In this method, a chamber in a form of a conduit is

25 filled with a non-Newtonian fluid. The chamber has an input end and an output end. The
substrate is introduced into the chamber at the input end such that the substrate is
suspended in the non-Newtonian fluid. Additional non-Newtonian fluids are forced
through the chamber such that a flow of the non-Newtonian fluid moves over surfaces of
the substrate and the non-Newtonian fluid exits at the output end.

30 [0009] Other aspects and advantages of the invention will become apparent from the
following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the principles of the invention.



t hrough the chanber such that a flow of the non-Newtonian fluid noves over
surfaces of the substrate and the non-Newtonian fluid exits at the out put
end. 30 [0009] O her aspects and advantages of the invention will becone
apparent fromthe follow ng detailed description, taken in conjunction

wi th the acconpanying drawi ngs, illustrating by way of exanple the
principles of the invention. 3 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0010]

The present invention w Ily u by the follow ng detailed
description in conjuncti 3 P RAWI
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reference nunerals designate |ike structural elements. 5 [0011] Figure 1
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appar at us I I bstrate along a horizontal direction, in
accordance&e\?\{gtn%tegir%%g%g%?ﬁ%ﬁlteﬁ%f the present invention. io [0013] Figure

2B is a sg60lnakureslida foveha®igrdn 8ns RRhcRObéORWISf A AEHaPRAT at us shown
in Figure 2A (%0,014] Figure 3Ais a sinplified perspective view of an
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3Bis a sgcti (;négu,r}%sz %SE%\% 1@?%?@%@%;{%2%‘5%@?\?%%8? tap%aﬁgtgf ?(frﬁléln% aratus shown
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for transporti.ng a substrate, in accordance with one enbodi nent of the
present i AWEREPBn. [0017] Figure 5 is a bl ock di agram of a seni conduct or

Cransport e AR B e PO BRI A B
i nvent i onin BiEnr¢ 24£D DESCRI PTI ON

[0014] Figure 3A is a simplified perspective view of an apparatus for transporting a

substrate along a vertical direction, in accordance with one embodiment of the present

invention.

15 [0015] Figure 3B is a sectional, side view of a transport portion of the apparatus shown

in Figure 3A.

[0016] Figures 4A-C are various views of another apparatus for transporting a substrate,

in accordance with one embodiment of the present invention.

[0017] Figure 5 is a block diagram of a semiconductor substrate cleaning system utilizing

20 the apparatus shown in Figure 4 to transport a substrate, in accordance with one

embodiment of the present invention.

DETAILED DESCRIPTION

[0018] An invention is described for methods, apparatuses, and systems for transporting
a substrate. It will be obvious, however, to one skilled in the art, that the present

25 invention may be practiced without some or all of these specific details. In other
instances, well known process operations have not been described in detail in order not to
unnecessarily obscure the present invention.
[0019] The embodiments described herein provide methods, apparatuses, and systems for
transporting a substrate using a non-Newtonian fluid. Essentially, the substrate is

30 transported by placing the substrate in a flow of the non-Newtonian fluid. The flow of

the non-Newtonian fluid moves the substrate along a direction of the flow. As will be



[0018] An invention is described for nmethods, apparatuses, and systens for
transporting a substrate. It will be obvious, however, to one skilled in
the art, that the present 25 invention may be practiced w thout sone or al
of these specific details. In other instances, well known process
operations have not been described in detail in order not to unnecessarily
obscure the present invention. [0019] The enbodi nents descri bed herein

provi de ne ) nd syst for transporting a substrate
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soft condensed matter include enulsions, co am etc. shoul d be
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of a foam 15 [0021] After the non-Newtonian fluid is provided, a substrate
i s suspenda¥bybblesdelingd in abweid mairix fandisaving opsemas aonxdmple of a fotrher wor ds,
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because t iNewiomaN@widini cperationild2.i B etharweiderthe eshsi¥teds hk&e@ai Mk non-
Newtonian fluid. The non-Newtonian fluid can support the substrate almost indefinitely,
even without flow, because the non-Newtonian fluid is characterized by a yield point
below which the non-Newtonian fluid does not flow. The weight of the substrate is
20 sufficiently small such that the substrate resting on the non-Newfonian fluid does not
exceed the yield point of the non-Newtonian fluid. Accordingly, the non-Newtonian
fluid can support the substrate.
[0022] A substrate is any suitable base material. In one exemplary embodiment, the
substrate is a semiconductor wafer, which is a thin slice of semiconductor material, such
25  as a silicon erystal, upon which microcircuits are constructed by diffusion and deposition
of various materials. In another exemplary embodiment, the substrate is a hard disk
platter, which is composed of a round, rigid plate with a magnetic media coating.
[0023] Still referring to Figure 1, after the substrate is suspended in the non-Newtonian
fluid, a supply force is applied on the non-Newtonian fluid in operation 114 to cause the
30 non-Newtonian fluid to flow. As will be explained in more detail below, since the

substrate is suspended in the non-Newtonian fluid, the flow of the non-Newtonian fluid



bel ow whi ch the non- Newtoni an fluid does not flow The weight of the
substrate is 20 sufficiently small such that the substrate resting on the
non- Newt oni an fluid does not exceed the yield point of the non-Newtonian
fluid. Accordingly, the non-Newtonian fktuid can support the substrate.
[0022] A substrate is any suitable base material. In one exenplary

enbodi nent, the substrate is a sem conductor wafer, which is a thin slice
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is suspended wthin non-Newtonian ansport portion of

chanmber 2Dpertiagly detlosmidnyluia defusing @le transport portion. In particular, when viewed

from the side, the partially enclosed conduit is defined by top planar surface 230 and
bottom planar surface 232 that is oriented relative to the top planar surface such as to
enclose substrate 212 between the top planar surface and the bottom planar surface.

20 Height 240 of conduit, as defined by a distance between top planar surface 230 and
bottom planar surface 232, can have any suitable dimensions greater than a thickness of
substrate 212. For example, if thickness of substrate 212 is one millimeter, then height
240 can be four millimeters.

[6026] To transport substrate 212, a supply force is applied on non-Newtonian fluid 210

25 to cause the non-Newtonian fluid to flow. The supply force may be generated by any
suitable methods. For example, supply force may be generated by pumping additional
non-Newi{onian fluid 210 into the chamber. The flow of non-Newtonian fluid 210 is
capable of moving substrate 212 along a direction of the flow. Figure 2B shows the
direction of flow from left to right and substantially parallel to surfaces of substrate 212.

30 The flow of non-Newtonian fluid 210 moves over surfaces of substrate 212 and exerts a
force parallel to surfaces of the substrate to move the substrate horizontally from left to

right at or close to a velocity of the flow.



15 conduit dinensioned to transport substrate 212. For exanple, Figure 2B
shows a partially enclosed conduit defining the transport portion. In
particular, when viewed fromthe side, the partially enclosed conduit is
defined by top planar surface 230 and hettom planar surface 232 that is
oriented relative to the top planar surface such as to enclose substrate
212 between the top planar surface and the botton1p|anar surface. 20 Hei ght
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Fi gure 3A al shown in Figure 313, chanber 303
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suspended 35 tAh RighNeRNeWh@deadnaf | i d 210. The transport portion of chanber
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[0029] To transport substrate 212 vertically, a supply force is applied on non-Newtonian

fluid 210 to cause the non-Newtonian fluid to flow, As show in Figure 3B, non-
Newtonian fluid 210 flows vertically from bottom to top. The direction of the flow of
non-Newtonian fluid 210 is substantially perpendicular to surfaces of substrate 212.

20 Accordingly, the flow exerts forces that are substantially perpendicular to a bottom
surface of substrate 212 to move the substrate vertically upwards,
[0030] Figures 4A-C are various views of another apparatus for transporting a substrate,
in accordance with one embodiment of the present invention. Figure 4A illustrates a top
view, Figure 4B illustrates a side view, and Figure 4C illustrates an expanded side view

25 of apparatus 310. Apparatus 310 includes a chamber, input ports 332, holding pins 312,
and panel 330, The chamber has a cavity in a form of a rectangular conduit. The
chamber has input end 316 and output end 317 that is located opposite to the input end.
Input end 316 is defined by a first opening that is capable of receiving substrate 212.
Output end 317 is defined by a second opening that is capable of outputting substrate

30 212. Additionally included is panel 330 proximate to the first opening at input end 316

that can be used to seal off the first opening.



i0 conduit dinmensioned to transport substrate 212 vertically. \Wen viewed
fromthe side, the conduit is defined by left vertical surface 305 and
right vertical surface 304. Left wvertical surface 305 is oriented relative
to right vertical surface 304 such as to enclose substrate 212 between the
| eft vertical surface and the right vertical surface. In this enbodinent,
substrate 212 is oriented substantially perpendicular to left vertical
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shapes and si zes. 'A'no wt oni an ap or (n can be coupl e
direction of flow is from the input end to output end 317. Nonetheiess it should be

appreciated that input ports 332 may be placed in any suitable location within the
chamber to create different flow characteristics.
[0032] Still referring to Figures 4A-C, before substrate 212 is introduced into the

20 chamber of apparatus 310, a non-Newtonian fluid applicator ports a non-Newtonian fluid
into the chamber through input ports 332 to fill the chamber with the non-Newtonian
fluid. After the chamber is filled with the non-Newtonian fluid, substrate 212 is
introduced into the chamber though the first opening at input end 316. Subsfrate 212 is
introduced such that the substrate is suspended in the non-Newtonian fluid. In other

25 words, substrate 212 is placed in the chamber such that the substrate is not in contact with
a surface of the chamber. The non-Newtonian fluid has the capability fo support
substrate 212 such that the substrate is suspended in the middle of the chamber. The
opposing flows from input ports 332 also assist in keeping substrate 212 suspended in the
middle of the chamber by exerting forces on opposite surfaces of the substrate.

30 [0033] After substrate 212 is introduced into the chamber, panel 330, which is proximate
to the first opening at input end 316, closes to seal off the first opening. Since the non-

Newtonian fluid cannot exit though the first opening at input end 316, the non-Newtonian



to input ports 332 to port non-Newtonian fluid into the chanber through the
i nput ports. In the enbodi nent of Figure 4B, apparatus 310 includes two

i nput ports 332 |located proximately to input end 316. The side view shows
that one of the input ports 332 is locajed at the top of the chamber and
the other input port is located at the bottom Input 10 ports 332 are

pl aced opposite to each other in order to create opposing flows of the non-

Newt oni an fil,idi bl Gt Rt QL. M | 09t | st in
coopi ng. SubeirerSHah Rpul ARARG Rt AT R SRRSO RIS el ng
f orces on @phosicord sperfimcashebutptihmds dhstfioat & thélaweXeitomdapendinng.eon t he
desired directign of tus 310 can _ include one input port or

fl ow, ar .

more than PO SPRE OBB‘#FE?W%EE@H prerigdorges pn Hie sybsteats wlr%tl%%&woa«ét ai |

bel ow, i npyt ap&ulSh33IR : ' [ end 316 because the

desired direction of F’Ia%l\?vv%sgﬁ?%tgd?ne ?L%%Wr%ﬁ)%é eﬁgggjt put end 317.

Nonet hell esi§034k Ewhodintnben§ agpprtes 320 ezh inhhtde onput mparticddidg ingay Deviplimced in

any sui tabt'h?cké%ﬁgtri i.t hin 3tIEe chgmber to cr&at e de ferent flow

characteristi¢s "{o %%%Pinlsl BFCHSP Ry SR g VR R G R IARD R al gk oopreisntt r at e
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fluid applicator ports a non-New oni an ui d o the chanber ugh

i nput por tX 2382 lacatel ipreximpis te leatpve endi khtotphey enbsubilesit Gh2 dom fbuing. Af t er

t he chanb ' ' i.th.the . ,non-Newt oni.an f| ui substrate 212 is
intr oduceﬁhfdﬁggﬁ%i%gglh&ﬁrﬁ)eg%n a\‘igheg%uqfl\éﬁgn e ﬂbep‘é%qlﬁﬁwwlﬁnr{ﬁu%ﬂ@?ﬁ 316.
Subst riat e tRdwhi the charhbodBoating piel 3t Dain hhle sabddstd Aewhik SladReNGRGohN the
non- Newt oni.an fluid, In_ other 25 words, substrate 212 is placed in the

chanber su¥vieRan fpbtostioys thrapeh the capduil L cdinvagoveen of aubstrefesdd, of t he

chamber. TR&:RAOH; ' £l Hi hidity. 10 s rt. bstrate
212 such {heiig R euboryarsen kel RS SR s b HPRRY mTBEH e
opposi ng fthows-Newtorinpiitidpo ntove Fad2subbisac abap ke dondkeand Bat Tulsidkate 212
suspended in the mniddle of the chanber by exerti ng forces on opposite

r by . .CES
surfaces SPYHRS aLoRELdS173dor enpamle. ap caf cwbipdimeat doling piss Bk eaditced i nto
t he chanbegweRanehiis ov@@%%ﬁsﬁ?ﬁfa?&ﬁ@te to the first opening at input
0 e

end 316, closes to sea I rst opening. Since the non- Newt onian
fluid cand®@3SdHigure Hosighlackaidgrars bf @ penicngduaton sapsttatecidaddBsystdneutilizing
non- Newt Orﬁ%eaa{’]ppgratus shown in Figure 4A-C to transport a substrate, in accordance with one
embodiment of the present invention. Substrate cleaning system 502 is used in a
semiconductor device manufacturing process to remove particles and trace metal
20 contamination from a substrate. As shown in Figure 5, substrate cleaning system 502
includes input station 504, cleaning station A 510, cleaning station B 511, drying station
5006, non-Newtonian fluid applicator 512, and output station 508, Embodiments of
substrate cleaning system 502 can incorporate the apparatus shown in Figure 4A-C in
cleaning station A 510 and cleaning station B 511 to transport the substrate. It should be
25  appreciated that cleaning station A 510 and cleaning station B 511 can include any
suitable cleaning device configured to clean a substrate. For example, cleaning station A
510 and cleaning station B 511 can use foam to clean the substrate. For more
information on the use of foam to clean a substrate, reference may be made to U.S. Patent
Application No. 11/153,957, filed on June 15, 2005 and entitled “Method and Apparatus
30 for Cleaning a Substrate Using Non-Newtonian Fluids.”
[0036] An exemplary operation to clean a substrate would start with a substrate inputted

into input station 504. Non-Newtonian fluid applicator 512 that is coupled to cleaning



fluid ported frominput ports 332 flows fromthe input end towards out put
end 317 to exit at the second opening at the output end, The flow of the
non- Newt oni an fluid noves over surfaces of substrate 212 and exerts forces
on the substrate in a direction of the f%OML As a result, the flow noves
substrate 212 towards output end 317. 5 10034] Enbodi nents of apparatus 310
can include one or nore holding pins 312 within the chanber. Hol di ng pins

312 are usgd: r i : bstrate 212.to. prevent he novenent
of the subsriara AP AR R S b b O e T o an e g i ne. 312
are | ocat efbrpr @omethe ndw Noukgiiin £iid i34 dhamperyRManiibsitloat € 524 2 AREOM:

novi ng throurg)h t he second, opening at the output end when the non- New oni an

fluid flond et ALHIGHIRSHEAENRADAP 1s fildedivith ths nep-Nawtosim Thod.dobubét mane 212

whi | e enabljj - é\lﬁﬁﬁs i f4 uj flow thr. th ondui.t. To

al | ow rmveélrr%gtg)eg @iﬁ'ggsﬂtt?at e g%?l%ﬁ%%éch r’%%b%%ﬁ@eﬁ%imﬁggg%n?bﬁf%“’d?u%‘ed to

rel eases a tddlidgginstlheatsltyghinahechaontak.| Wiieh e fubetatets full?@ns@ﬁ@d IMeyik i an
t he second

fluid to myve {J‘ES éubstrgéfe al ong the conduit and out o

openi ng atS"HAC L BrfuPanelo! the pleaiggsiagon Prelesse leragoell #8 RpcingPltheg pi ns 312
can be 15 dl@é&‘ﬁﬁ§§iat§&1, ardine BOVBIEL ] ﬁ%ﬁﬁr&éaﬁzﬁﬁatio[nqgg% i Qlfs S 1S 2
bl ock di agram of a sem cohductor substtate cleanimg systemutilizing the
appar at us thhovbsirate. Fiftpntlee stbsi@ite o dleand phe holdirpulisd aratl@yerbd tagior thance Wit h
one enbodj pent of the sent inyentian. Supstrate cl eaning system502 is
used in a SUSEFAIC EHAGEY ‘6’%3@/&%‘8 Oﬁé‘ﬁdp&g‘?ﬂﬂoﬁﬁnM‘é‘étsoﬁcﬁ?aﬁ’é‘ﬁﬁ?ﬁé‘oﬁaﬁfﬂ(bl es
and trace (083Gl ARG SORLABDRRN 2816 ERINGHS YRRLLAL fre sA6s1SROMRIJsB Floure 5,
substrate cleaning system 502 includes input station 504, cleaning station
A 510, cl éafipdiged inde clsaniBg Stelion Briilngr & seondeleasing, Chomitdentoni BiAl f tai d
appl i cator , 0 ut statign 508. Enbodi.nents of.. .subsirate cleaning
syst em 502 S(ggai% Slaﬁ%%rleﬁ%‘?lgtpéno%eﬁ%asa PAT4% f}gu%‘h‘gﬁ{%ﬁ upg ey _c%aplﬂg cl eani ng

station Apbddésandftel @edmimostsictB gn1 Blehdslihk QuidiAns B subithee BURSEF@-oukt
shoul d be 25 appreciated that cl eama{g station A 510 and cl eaning station B
P

511 can i REFFddcHmE staignAppiag elfltanphige aeniNavtonian flyid edd the sebyrate &
Subst 1 ol IABRUAc 6 SO0LIR. L 0Py RO ALERTICR S 85 10
foam t o chelirate quths buptiestatiefl H8gaberaay sitsarde olipuittdSiomatBstate
cleaning system 502,
[0038] In summary, the above described embodiments provide methods, apparatuses, and
systems for fransporting a substrate. Basically, a flow of non-Newtonian fluid is used to
20 move the substrate from one location to another location. Unlike water, the non-
Newtonian fluid can support the substrate. As a result, the substrate will not sink and
stick to the bottom when placed in the non-Newtonian fluid. Furthermore, since the non-
Newtonian fluid can support the substrate, no mechanical mechanisms make contact with
the substrate during transport. The non-Newtonian fluid does not exert any notable stress
25 on the substrate. As aresult, unlike the use of rollers, the substrate can be transported by
the non-Newtonian fluid without significant stress on the substrate.
[0039] Although a few embodiments of the present invention have been described in
detail herein, it should be understood, by those of ordinary skill, that the present
mvention may be embodied in many other specific forms without departing from the
30 spirit or scope of the invention. Therefore, the present examples and embodiments are to

be considered as illustrative and not restrictive, and the invention is not to be limited to



Application No. 11/153,957, filed on June 15, 2005 and entitled "Method and
Apparatus 30 for C eaning a Substrate Using Non-Newt onian Fluids." [0036]
An exenplary operation to clean a substrate would start with a substrate
inputted into input station 504. Non-Newtonian fluid applicator 512 that
is coupled to cleaning 9 station A 510 and cleaning station B 511 provides
a non-Newtonian fluid and supply force to port the non-Newtonian fluid

ctati on A Brgcreepr RN AReR PSR Rl brilifes IR «Ops S R0 "

chanmber 50#bmeuddd dilkmssubstrate into the chanber of the cleaning station A
to stop at 5 holding pins |ocated wthin the chanber. Wen the substrate is
fully insepwedisichigkeani ng station A 510, a panel of the cleaning station
A closes to seal off an opening of the cleaning station. Using a suitable
cl eani ng net hod, cleaning station A 510 then cleans the substrate. After
the substrate is cleaned, the holding pins are |owered to allow the
substrate to nove with the flow of the non-Newtonian fluid out of cleaning
station A 510. 10 [0037] After cleaning station A 510 cleans the substrate,
the substrate is rinsed and introduced into cleaning station B 511 for a
second cl eaning. Cleaning station B 511 can wuse the sane cl eani ng process
as cleaning station A 510 or use a different cleaning process. After

cl eaning station B 511 cleans the substrate, the substrate is transported
out of the cleaning station B using a flow of the non-Newtonian fluid, and
the substrate is 15 rinsed and then dried at drying station 506.
Thereafter, rollers pushes the cleaned, dried substrate out to output
station 508, where the substrate is outputted fromsubstrate cleaning
system 502. [0038] In summary, the above descri bed enbodi nents provide

net hods, apparatuses, and systens for transporting a substrate. Basically,
a flow of non-Newtonian fluid is used to 20 nove the substrate from one

| ocation to another |ocation. Unlike water, the non Newtonian fluid can
support the substrate. As a result, the substrate will not sink and stick
to the bottom when placed in the non-Newtonian fluid. Furthernore, since
the non- Newtonian fluid can support the substrate, no nechani cal
mechani sns nmake contact with



the substrate during transport. The non-Newtonian fluid does not exert any
not abl e stress 25 on the substrate. As a result, unlike the use of rollers,
the substrate can be transported by the non-Newtonian fluid wthout
significant stress on the substrate. [00391 Al though a few enbodi nents of

t he present invention have been described in detail herein, it should be
under st ood, by those of ordinary skill,tlithat the present invention may be
enbodi ed in many other specific forms without departing fromthe 30 spirit
or scope of the invention. Therefore, the present exanples and enbodi nents
are to be considered as illustrativeCamsnot restrictive, and the

i nvention {s no .M h ils provided therein, but my
be nodifi eld and‘kpsﬁ/g?:l??%Jéﬁéoﬁﬁ?%gg%gtrg%b%ﬁ% he appended clains. What is
clainmed is: 11 a Chambw hdvingAasyispenedddefiniagspdirdti signmgsthbaighat/kich the
conpri si ng; hamber having.an input end defining a first opening through
whi oh t he SEEHEE PRPEESTh TS R BP s SrPSiREpRE TBRd Bpd M5 OREPApUL
end, the fhdvilg OPaRI Gt oftaY kAW cRsRaRBEss th e PRABS BAMLRHRSES! 85EHAHShEO the
chanmber through the first opening the output end defining a second

openi ng, tHEPEAMBERNIRGISERPIE oPeRnGeht chatebes havng artemerl! and aherenvalhe top
wel I and t»bﬁergﬁttﬁ@{&g"%@élﬂ anB Db AL IR BOS! NG | E'I%)o%h%, iRl aded ﬂ%?e‘ﬁ{rwgh’
I permi ng; an

wherein the inlets are proxinmate to the first ; a non- oni an
fluid di spekaseindig infats arhprocfraatb &y thpfirgroptiwong;rndoduct i on of the substrate,

t he non- Newt oni an fluid intsroduced thr the inlets ile the p I

cl oses access %Orf"ﬁgw'%ﬁéaﬁb%fl ;éﬁPSfF&hwﬁlﬁg%? F@atm%é’ﬁ’loﬁ ) IWQP%W ‘fafﬂtge

non- Newt orsubstraid, thelnos Mepesnid fifiie iswbdice@tigongh thhenleRanhies thaend désew of

t he non-Newtonian fluyid through the_ inlets transgorts the substrate froma

region prd%Fitate 16 CREOPT HEpURiplii At tonaing rhercbydBergndirirrign ikide the
panel is %hﬁémﬁ%-th@sub-gﬂﬁe%{ tHe&MaRbeCddl Mdw MRS SIINAVhARTRAS Hudhtthon of

the chanber where .
inlets transports the substrate from a region proximate to the first opening toward the

second opening while the panel is closed.

2. The system of claim 1, wherein a transport portion of the chamber where
movement of the substrate occurs is defined by a channel conduit dimensioned to

transport the substrate.

3. The system of claim [, wherein a transport portion of the chamber where

movement of the substrate occurs is defined by a partially enclosed conduit.

4. The system of claim 3, wherein the partially enclosed conduit includes,
a first planar surface; and
a second planar surface oriented relative to the first planar surface configured to

enclose the substrate between the first and second planar surfaces.

5. The system of claim 1, further comprising:
a holding pin within the chamber that is proximate to the second opening, the

holding pin being configured to receive an edge of the substrate to prevent the moving of



novenent of the substrate occurs is defined by a channel conduit

di nensioned to transport the substrate. 3. The systemof claim1l, wherein
a transport portion of the chanber where novenent of the substrate occurs
is defined by a partially enclosed conduit. 4. The system of claim 3,
wherein the partially enclosed conduit includes, a first planar surface;
and a second planar surface oriented rel2ative to the first planar surface
configured to enclose the substrate between the first and second pl anar
surfaces. 5. The systemof claiml, further conprising: a_holdin% pin
wi t hin t hethesubhiate treughithe pecord wnening ovhendhes sopNdwtpemi fhed flows thivokli ng
pi n bei ng ﬁggﬁ&ﬂ&ggd to receive an edge of the substrate to prevent the
novi ng of the substrate through the second openi ng when the
non- Newt oni an fluid flows through the chanber. 6. The systemof claimb5,

wherein the holdin in Ls capable of being | owered t abl e the
substrate to no %’ﬁ{%n‘b# ?]ﬁlén Bh?ﬁ’r‘?ﬁ@?ﬂ Wiﬁ%%ﬂg PHESSERHNE Ogg@ﬁ‘g gwergd ¥he
system of &laBlethelsub¥iae &) Move 6lit o8 fioicBAMBE: thi¥dgh {}@VyewndtoE@niHQn‘ Newt oni an
fluid is substantially perpendicular to a surface of the substrate. 8. The

systemof claiml, wherein a direction of the flow of the non-New oni an

fluid is ’§Ub$t%t§y\€twl§lllnyoff3ﬂaﬁrﬂlll %erte&,\ﬁdi é‘éfityﬁfﬁ?}lﬁgfﬂowgf tﬁé’g Bk Bniad Autd

e
systemof claim1, erein thé non- onl an urd i's defined as one or
nmore of a if sehisfantialtyopdrpéndjcubando amréarelb§itensubsifte. The system of claim 1,
wherein the inlets are channels extending across a length of the
corresponding top wall and bottomwall.

8. The system of claim 1, wherein a direction of the flow of the non-Newtonian fluid

is substantially parallel to a surface of the substrate.

9. The system of claim 1, wherein the non-Newtonian fluid is defined as one or

more of a foam, a colloid, and an emulsion.

10.  The system of claim 1, wherein the inlets are channels extending across a length

of the corresponding top wall and bottom wall.



