1 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 friomone location to another location by a variety of nethods.
For exanple, mechanical rollers are tylpically 10 used in sem conductor
manuf acturi ng systens to nove the substrate within the system
Specifically, a substrate may be pl aced between rollers such that the
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devices, is that nechani sns assocl at'e e rolTers can be 15
conplicated. Furthernore, rollers nust make contact with the substrate to
nove the substrate. Such contact can exert considerable stress on the
subst¥ate, 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 Mottom surface, thereby inpeding
transport of the substrate. Wen te is stuck to a surface, the

substrate cannot easily be dislodged. The substrate sinks to the bottom
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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 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 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 to provide a simpler and more reliable

method and apparatus to 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




system or a device. Several inventive enbodinments 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 corduit is configured to 5 convey a
non- Newt oni an fluid to enable transport of a substrate through the conduit.
[ 0006] In accordance with a second aspect of the present invention, a
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and the substrate is suspended in the non-Newtonian fluid. The subsirate can be

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

20  Thereafier, 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 fluoid. 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.




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 OESCRI PTI ON OF THE DRAW NGS [ 0010] The
present invention will be readily understood by the follow ng detail ed
description in conjunction with the acconpanyi ng draw ngs, and |i ke
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accordance one odi ment of t ent T nvention. | 0013] Figure
2B i s a desughabnbks stgictizalalanendd. a transport portion of the apparatus shown

i n Figur A, [ 0014] Fjqure 3Ais a . sSi | jfi,ed perspectiye . i ew of an
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3B is a sectional, side view of a transport portion of the apparatus shown
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substr at envehgami Ng systemutilizing 20 the apparatus shown in Figure 4 to
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met hods, iﬁg@}@ﬁxses, and systens for transporting a substrate. It will be
obvi ous, "however, to one skilled in the art, that the present 25 invention
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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.
[001'7] 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




I nstances, well known process operations have not been described in detai
In order not to wunnecessarily obscure the present invention. [0019] The
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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-Newtonian fluid does not
exceed the yicld 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 asilicon crystal, 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, afier 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 flaid




[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
of sem conductor material, such 25 as a silicon crystal, upon which
mcrocircuits are constructed by diffusion and deposition of various
materials. In another exenplary enbodi nent, the substrate is a hard disk
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substrate 212. For exanple, Figure 2B shows a partially ehclosed conduit
def i nkng coidnit diresgpondd tp dranspemt substraya? 3. ckdraxamplechiguiesiikshowisriom t he si de,
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bottom planar surface 232 that is oriented relative to the top planar surface such as to
enclosc 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.
[0026] 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
sﬁitable methods. For example, supply force may be generated by pumping additional
non-Newtonian 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.




20 Hei ght 240 of conduit, as defined by a distance between top pl anar
surface 230 and bottom planar surface 232, can have any suitable

di mrensions greater than a thickness of substrate 212. For exanple, if

t hi ckness of substrate 212 is one nillGneter, then height 240 can be four
mllimeters. 10026] To transport substrate 212, a supply force is applied
on non-Newtonian fluid 210 25 to cause the non-Newtonian fluid to flow.
The supp [QﬂZfle@rerﬁa& idxesigplifiedperspdoyivaniew cst"tahtappdra:tusrﬁarhmdsporﬁng aexanpl e,
supply force ma eneLted by. pu |ng ad |t|on non- Newt oni an fl uid

210 i nt oSHOSHAER: C@\RPO‘Paﬁ Hin‘?’i@ PIESENabl e of
novi ng syR3hicH eA}?ﬂa?atéé SUHn@luQésr &ﬁHbQPBGBf thﬁt']ﬁs'%\lcQW 'ﬁ'a%dﬁﬁ ofB shows the

direction of flowfromleft to right and substantlal y parallel to surfaces
of su bst c)dtminzalzonemt THee dandwit asf configumeid i ootivan a hboiNew2diiamBviddo onahle

surfaces of s trat angd exerts.a force parallel to surfaces of the
subst T at gales(g ?‘ng éﬁﬁ@gﬂf}é‘e R0 Sontally fromleft to right at or
cl ose to[@p2ef Figaré 3B & a ddforidl, e Bel 093 Uandpostotich of the Qppﬁlkdﬁ?é dhbivad

perspective view of an apparat us for transporting a substrate along a

verti cal infFigawstidoplong autting plaselive BB Asshewe imlighiest, chimbeid0peésent
I nvention ax ncl udes, chame a form
of o cyPPERTEsr O SR AR 215 Sl ™ iR il

non- Newt agh-aewitblawfiiid 220alThe trabsgobtaiosie! éf dbmderS33sk ﬂeﬁ@dtﬂyramhgimdl he
conduit. [0028] Figure 3B is a sectional, side view of a franspart portion

of tH@ asmd%tt jEeReNAY to transpog kst 21 ovaitiealiyt iWapnniewed fromdhgside, As_shown
Fi 3 f wt
Tt o755 SRRt 8BRS0 0e by b v i o o

fluid 210. non- Newt oni an |Uld 210. The
t ranspor veioatt suefaco305cib aribeted Bdivieso dight veeticad yurface 384 vadh dsAo corlakgi t

di nensioned to tr nsport su r at 2 ve en vie fromthe
si de, tﬁ%bSEr&Wd?dlz efveecgdig lﬁgd'efﬂﬁa %Wrg’ ‘ithé ghg%/ﬁrf g\&qéurﬁfg iﬁﬂ“% ght
vertical eﬁf%& géstrak@iltz is \éﬁéﬁtb& %lbs%flﬁlﬁ‘;ﬁerﬁ&'ﬁwu?ar% (BN BGkal Slrdckve to

right vertlc such as to encl’'ose substrate 212 between the
| ef t lﬂerBD&ahdﬂghﬁm&aaMfachéMl ght vertical surface. In this enbodi nent,

S 2 S0 gAR g e S Ao REARFAS Sihed o hSL N ER

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
chaﬁber 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,
Qutput 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.




[0029] To transport substrate 212 vertically, a supply force is applied on

non- Newt oni an fluid 210 to cause the non-Newtonian fluid to flow. As show

in Figure 3B, non- Newtonian fluid 210 flows vertically frombottomto top.
The direction of the flow of non-Newffonian fluid 210 is substantially

per pendi cul ar to surfaces of substrate 212. 20 Accordingly, the flow exerts
forces that are substantially perpendicular to a bottom surface of
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10032] 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 fiuid
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. Substrate 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 to 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] Afier 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




the substrate. However, depending on the desired direction of flow,
apparatus 3 10 can include one input port or nore than two input ports.
Further, as will be described in nore 15 detail below, input ports 332 are
| ocated proxinmate to i nput end 316 bedause the desired direction of flow
Is fromthe input end to output end 317. Nonetheless, it should be

appreci ated that input ports 332 may be placed in any suitable |ocation

wi t hin t fleid pohiedifiem inpucpeat3s2dloWsdran the ihpw cal dveatienitpitiend 3116008440 Stil |

referrin o Figures . 4A-C, before substrate 212 is introduced into the 20
chanber gtft{% Eﬁ?&g‘if’ﬁw ﬂtdf,’e autastrﬁnﬂew?e FoRnefthenep-Nspianias fg’rlg PYEE a

non- Newt Qi [ ' & j : 1 S i1l the
Chanber o pirfpcd of culcBbf® 212308 BATRALcLJbR UMb PR o St hE I L e
non- Newt dsiaaesult, thedlovsmos¢s smubsir?d 212 wwardstoutmitiendi31’/ht o t he chanber t hough

the shbe 0 ERMmEdafitend Bkt 1I0 Bl GhF afmore g Bl Pgdt woy g
subst r at gheZhdmber, H S8R pidd 31&%@%@%@ Eecéwﬁfan%hget oft dBstiaS1 @ipReveht NOt i N

contact with a surfacé of the chanber. The non-Newtonian fluid has the

capabi | i the mevemenpof the saharater dn dheerpboglipentiof Figurdsed Asyss4B . drodding pwsispended

i.n the myddl e .of . the chanber. The sin I fr L nput _ports 332 al so
hosi ot | AikagdesRERRITE st End FER RSt pitBalc AT M O R Chamber by
exer t i ngtiroigese setoap PP&iihEatahé bapeserdiwhidhahshis Neatdiand i 0331 After
substrate 212 is _introduced into the chanber, panel 330, which is proxinmte

to the ffhouehrehembentHoldingrinsntd 238 hold whalgate 3l Swhile girablipg themops ¢

openi ng. S - ' | d ' first

openi ng g{% l""?ﬁ’g?ﬁ ﬁ@%@@f%”%@ lﬁlgeﬁ:-o h%/\ﬁ/{toﬁ?gﬁ&g%ﬁé{ln n%%‘r%%i gégraﬁ@r%, i nput ports

332 f1 owholdirgpihd 1213 mpyibe esrdighnesdao deleasetathold eftle Subétrhie texiléw that fldwef second

Sur f aces 5SS IoRtRe B oA eihe PHRs Ui s o G Sk o e PR di r ect | on

of the f : t t put end
gggﬁ?g o 884 bh.oi;&eexallngw, (Y SerRRhéR) 1@1@9613 phR430 dan BY

317. 5 [ ment s apparatus 310 can inclu ne or nore hol ding
pi ns 1312 lawdrkd to altowemohandye of siisirdier?d2pi ns 312 are used to receive an edge

O oL % Fhpgt 240t AL o R he R S b o o
out put ek BbirahR BHOH SN BIBA J(Bloratdgort & SBsHRE] MGccordance 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
506, 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




t hrough the second opening at the output end when the non-Newtonian fluid
flows 1o though the chanber. Hol ding pins 312 can hold substrate 212 while
enabling the non- Newtonian fluid to flow through the conduit. To allow
movenent of substrate 212, holding pi%hs 312 may be configured to rel ease a
hol d of the substrate to allow the flow of the non-Newtonian fluid to nove
the substrate along the conduit and out of the second opening at out put
end 317. sthoon &xdfiphé cleamng sotiemBddil peodtideshohahi-Newioniaa fBdPambsupbly 15 | ower ed

to all ow.novenent_  of supbstrate_.2 [ 0035 F| re5|s a ck i ram of a
seni cond{fEE%ie POLaE pog- EPW%W %\é ?119 ngtsmwaﬁpé %‘3 aﬁ%m in
Fi gure 48t of El8RSRO6htich AURBES ﬁn@d with tRGEANANGS Wikl P6l6rs BIThedi ment  of

the present iInvention. Substrate cleaning system502 is used in a
sem conddmnd)er d%pw thesulistietedmto e graodes of the cleeming etafion fitolstep adnd trace

C1 ean nghEySeamobo ey wub bR N 6 RARE i Uk B HRR 5107

cl eani ngstatigt A% 0B Pkl offih¥ ice@ninl dtation A E6&s 1At Mk epérifig b tie d appl i cat or
512, and out put station 508. Enbodi ments of substrate cleaning system 502

can i ncoﬁl}%ﬂﬂag slatiore Hppapavitebleeloyming mettiodyueleangry station A 1@ 8wnslpast ati on A

510 and gleaping. SLALI RDSRRIL il Al dANBORblid Ao MRS @Le1o dilogPligul d be 25

appr eci a cl'eani'ng station ani ng station 1 can

i ncl ude aibstraeid havk evithl tha bW dieyhaENewthi@Ulied ohtofelaaingatasich et SEt e.  For
exanpl e, cleaning station A 510 and cl eanltwg15 station B 5;Llea‘£$n use foamto

cl earhot h@@ﬁbﬁﬂeﬁﬁ@m%ﬁtaﬁﬂ?éSIprﬁ’ﬂWﬁﬁ’Flsﬁhs thesupdpieis msehatdy ¢l ean a
substrat é%HJgAQﬁ 53, 957,
filed on ﬂoﬁgé 1 cg%@gsgat{e%? ? Pg)llj a%eccﬁﬂcfﬁf an Appgdfng‘?gtjétﬁ{bnlﬁg}ll eaning a
Subst r at esdihi ngn&loleaﬂ&gvpmcearas Eleaning st’anbﬁ@Bﬁl]O dinuse A diffidrentrleapimgat i on to

cl ean a substr uld start 'thas ate In te into i nput station
504 Non PRGSO I P0G SHBBN Bl a5 550 g, EbP Bt iomes Ry
station ?fﬁl%%lé%.ﬂgl %'ta?ﬁﬁ'ﬂ‘&u?é AHLRTLBSloh- RERWHR A BR0 1NN SRIER f luid and

supply orce to ort the non-Newtonian fluid into a chanber of cleaning
st at iton AnS&DandAh¢redrigdvs drighgstéon $06. CThengifiay roliens pusheyy(hs tianed, fified ed wi t h

e 1on NSO AR i1 558 AP 6L RIRER o bl SUbotr e

cleaning system 502.
[0038] In summary, the above described embodiments provide methods, apparatuses, and
systems for transporting a substrate. Basically, a flow of non-Newtonian fluid is used to

20 move the sﬁbstrate 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 suppott 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
invention 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




5 holding pins |located within the chanber. Wen the substrate is fully
inserted in cleaning 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 nethod, cleaning station A 510 then cleans the substrate. After
the substrate is cleaned, the holding pins are |lowered to allow the
substrate to nove with the flow of the non-Newtonian fluid out of cleaning
st ati on the5ibils biovidiidredt barmay exampdidied bad prntickd5dithic leasspe dfehsubst r at e,
t he substrat '% rinsed and introduced into cleaning station B 511 for a
second cﬁgﬁﬁﬁﬁ£93%¥%aning station B 511 can use the sanme cleaning process
as cleaning station A 510 or use a different cleaning process. After

cl eani ng "ckisiddHmed 11 cl eans 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. [00381 In sumary, the above descri bed enbodi nents provide

nmet 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 nmechani cal
mechani snms nake contact with the substrate during transport. The
non- Newt oni an fluid does not exert any notable stress 25 on the substrate.
As a result, unlike the use of rollers, the substrate can be transported by
the non-Newtonian fluid without significant stress on the substrate. [00391
Al t hough a few enbodi nents of the present invention have been described in
detail herein, it should be understood, by those of ordinary skill, that
the present invention may be enbodied in many ot her specific forns w thout
departing fromthe 30 spirit or scope of the invention. Therefore, the
present exanpl es and enbodi nents are to be considered as illustrative and
not restrictive, and the invention is not to be limted to 10 the details
provi ded therein, but may be nodified and practiced wthin the scope of the




appended clains. What is clainmed is: 11 Cains 1. An apparatus, conprising:
a chanber having a cavity in a formof a conduit, the conduit being
configured to convey a non-Newtonian fluid to enable transport of a
substrate through the conduit. 2. Thelhpparatus of claim1, further
conprising: an input port in a wall of the chanber, the input port being
configured to port the non-Newonian fluid into the chanber. 3. The
apparatus of claim1l1, wherein the cr@%? has an input end and an out put
end, the input end defining a first “operi ng capabl e of receiving the
substrate, the output end defining a second opening capable of outputting
the substrate. 4. The apparatus of claim3, further conprising: a panel
proxi mte to the fARSPPHPYSI GUPPESHE gured to seal off the first opening. 5.
The appar at us b3, W her L SLOG: L Pl it hisn .t he
chanber that ?gﬂ%ﬁ%eg:h%g & atchF lttt)ﬂlgl as%gg%ghgglg%ﬁhg{&tg h%hpﬁecl)?%{;bﬁl\gﬁg%}lyg q%ei ng
conf i gur eshviep amea-&Nengorian dgieto@halilb easapbatof atsabdtatgthmuogh themowdwent of t he
substrate. 6. The apparatus of claim1, wherein the non-Newtonian fluid is
defined as soft condensed matter. 7. A systemfor transporting a
substrate, coBpri SirfgapArahedReLinl'A\AErBmbARKE: €nd, an output end, and an
input port in a wall of the chambér, the input end defining a first

openi ng capabheinpiit pat @i awal of the charnber tieanput pert beingpanfigned Wwaforitheg a
second openi t.he.input port heing proximate to the first opening and
confi gur Bn'k\%%wwgmﬁdﬂtpt %}@m%gﬁ fluid into the chanber; and a

non- Newt oni an fluid applicator coupled to the input port, the non-New oni an

fluid applicator being configured to port the non-New onian fluid through
the input por8. 12 The apparatus of claim 1, wherein the chamber has an input end and an

output end, the input end defining a first opening capable of receiving the substrate, the

output end defining a second opening capable of outputting the substrate.

4, The apparatus of claim 3, further comprising:
a panel proximate to the first opening configured to seal off the first opening.

5. The apparatus of claim 3, 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 movement of

the substrate.

6. The apparatus of claim 1, wherein the non-Newtonian fluid is defined as

soft condensed matter.

7. A system for transporting a substrate, comprising:

a chamber having an input end, an output end, and an input port in a wall of the
chamber, the input end defining a first opening capable of receiving the substrate, the
output end defining a second opening, the input port being proximate to the first opening
and configured to port a non-Newtonian fluid into the chamber; and

a non-Newtonian fluid applicator coupled to the input port, the non-Newtonian

fluid applicator being configured to port the non-Newtonian fluid through the input port




into the chanber to enable a flow of the non-Newtonian fluid towards the
second opening, the flow being capable of noving the substrate fromthe
first opening to the second opening. 8. The systemof claim7, wherein a
transport portion of the chanber is d2fined by a channel conduit

di rensioned to transport the substrate. 9. The systemof claim7, wherein a
transport portion of the chanber is defined by a partially enclosed

condui t . i@ theTthembgrsto enaidé adlosi ofitBe neviiewtanidnhiinip sowardd thy secvatlosed condui t
includes, a firs anar surface; .ang a secon |l anar surface oriented

ol at 1 veopesi dietol bR bl iR E e PSR Bt PR 4% Lot  at e
bet ween t&@nfl bp&tingnd second planar surfaces. 11. The systemof claim?7,
further conprising: a holding pin within the chanber that is proximte to
t he second opening, the holding pin being configured to receive an edge of
t he substratej to prevent the .noving of. the substrate.through the second
opent ng.when Fhe. hoRe RBVEOAT AT Fuactrin s R eRbRton Brib® chifBiare™® 15" The
syst em otefihedi b alchantidl @beduit ditRndiohdd 16 Grapépdrt the itialee of being lowered to
enabl e the substrate to nove through the second opening. 13. The system of
claim7, wherein a direction of the flow of the non- Newtonian fluid is
substanti al | ygperp I I : ! -The system
of claim7, wherei ﬁﬂgg%ﬂérn%ﬁ&g‘r‘m’rs‘”{‘%glﬁﬁ%#vs%&?ﬁﬂgﬁgﬁ@%%@#@eﬁi‘%n fluidis
subst ant idefihed e pertiglly dnologedevridaite of the substrate. 15. The system of
claim7, wherein the non-Newtonian fluid is defined as one or nore of a
foam a colloid, and an emulsion. 13 16. A nethod for transporting a
substrate, conpri si i ot 61 -ﬂgdgsoni an
fluid; suspending Fﬁgssu s??g?@?Pﬁ&?ﬁgﬁﬁgﬂpmNg%%ﬁcgdﬁg?F%} ﬁrht1 e

non- Newt oni an affirstipfanabeirfige,cmdabl e of supporting the substrate; and

a second planar surface oriented relative to the first planar surface configured to

enclose the substrate between the first and second planar surfaces.

11.  The system of claim 7, 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
the substrate through the second opening when the non-Newtonian fluid flows through

the chamber.

12.  The system of claim 11, wherein the holding pin is capable of being

lowered to enable the substrate to move through the second opening.

13.  The system of claim 7, wherein a direction of the flow of the non-

Newtonian fluid is substantially perpendicular to a surface of the substrate.

14. The system of claim 7, wherein a direction of the flow of the non-

Newtonian fluid is substantially parallel to a surface of the substrate.

15.  The system of claim 7, wherein the non-Newtonian fluid is defined as one

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




applying a supply force on the non-Newonian fluid to cause the
non-Newtonian fluid to flow, the flow being capable of noving the
substrate along a direction of the flow 17. The nethod of claim 16,
wherein the nethod operation of suspehding the substrate in the

non- Newt oni an fluid includes, imrersing the substrate in the non-New oni an
fluid. 18. A nethod for transporting a substrate, conprising nethod
operations of: filling a chanber in a formof a conduit with a

non- Newt oni an . f| nber ..having. an i nput.end out put end;
ot oauc ng tAE s uBRSBFAES T RGN SHERE SeoRe oL L RER O hat ¢ he

substrate isyp ﬁ*ﬁﬁ?@g%mﬁmaﬂlﬂﬁdmm onian fluid; and forcing additional
non- Newt oni an fl ui ds through the chamber such that a flow of the

non- Newt oni an suﬂpamctmgrﬁm@gbmé&mﬁhﬁ fore Newirniarhuid, fhe neraNewiondan: fhwid

non- Newt t t ut put end. 19. The nethod of claim 18,
wher ei n 5?11885,%&?@# cé&’gp?og[lﬁ%ﬁ’g ﬁ?%??% aﬁ(ﬁe chanber while enabling the

non- Newt oni an afplyting atsﬁpﬁlbf%i‘cé b eedont e ohRfliRid toZAusetheno®Naatorddn Cl ai m
19, further conprising: releasing the hold of the substrate to enable the

flow of flud tﬁdlﬂwébﬁ%wbﬁmglcwable efgnege therubsiasalprg edigsion of H® chanber
and out (ﬂ Wt'he out put end.

17. The method of claim 16, wherein the method operation of suspending the
substrate in the non-Newtonian fluid inchudes,

immersing the substrate in the non-Newtonian fluid.

18. A method for transporting a substrate, comprising method operations of:

filling a chamber in a form of a conduit with a non-Newtonian fluid, the chamber
having an input end and an output end;

introducing the substrate into the chamber at the input end such that the substrate
is suspended in the non-Newtonian fluid; and

forcing additional non-Newtonian fluids through the chamber such that a flow of
the non-Newtonian fluid moves over surfaces of the substrate and the non-Newtonian

flnid exits at the output end.

19. The method of claim 18, wherein the substrate is held within the chamber

while enabling the non-Newtonian fluid to flow through the chamber.

- 20.  The method of claim 19, further comprising:
releasing the hold of the substrate to enable the flow of the non-Newtonian fluid

to move the substrate along the chamber and out of the output end.




