Met hod and Apparatus for Processing Wafer Surfaces Using Thin, High

Vel ocity Fluid Layer 5 BACKGROUND OF THE I NVENTION 1. Field of the

| nvention [0001] The present invention relates to sem conductor wafer
processing and, nore particularly, to apparatuses and techni ques for nore
efficiently applying and renoving fluids fromwafer surfaces while
reduci ng contam nation and decreasing wafer cleaning 10 cost. 2.
Description of the Related Art [0002] In the sem conductor chip fabrication
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is allowed to evaporate, as usually happens when droplets form
operations, there s a need to effectively apply and remove fluids for the wafer operation

15  process.
[0003] For example, wafer cleaning may have to be conducted where a fabrication
operation has been performed that leaves unwanted residues on the surfaces of wafers.
Examples of such a fabrication operation include plasma etching (e.g., tungsten etch back
(WEB)) and chemical mechanical polishing (CMP). In CMP, a wafer is placed in a

20 holder, which pushes a wafer surface against a rolling belt or a rotating platen. This belt
uses a slurry, which consists of chemicals and abrasive materials to cause the polishing.
Unfortunately, this process tends to leave an accumulation of slurry particles and residues
at the wafer surface. If left on the wafer, the unwanted residual material and particles
may cause, among other things, defects such as scratches on the wafer surface and

25  inappropriate interactions between metallization features. In some cases, such defects
may cause devices on the wafer to become inoperable. In order to avoid the undue costs
of discarding wafers having inoperable devices, it is therefore necessary to clean the
wafer adequately yet efficiently after fabrication operations that leave unwanted residues.
[0004] After 2 wafer has been wet cleaned, the wafer must be dried effectively to prevent

30 water or cleaning fluid remnants from leaving residues on the wafer. If the cleaning fluid




resi dues or contam nants previously dissolved in the cleaning fluid wl|
remain on the wafer surface after evaporation (e.g., and form water
spots). To prevent evaporation from taking place, the cleaning fluid nust
be renoved as quickly as possible without the 5 formation of droplets on
the wafer surface. In an attenpt to accdnplish this, one of several
different drying techniques are enployed such as spin drying, |PA or
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created at the center of the wafer and moves to the outside of the wafer (ie., the circle
produced by the moving liquid/gas interface 12 gets larger) as the drying process
20 progresses. In the example of Figure 1A, the inside area of the circle formed by the
moving liquid/gas interface 12 is free from the fluid and the outside area of the circle
formed by the moving liquid/gas interface 12 is the fluid. Therefore, as the drying
process continues, the section inside (the dry area) of the moving liquid/gas interface 12
increases while the area (the wet area) outside of the moving liquid/gas interface 12
25  decreases. As stated previously, if the moving liquid/gas interface 12 breaks down,
droplets of the fluid form on the wafer and contamination may occur due to evaporation
of the droplets. As such, it is imperative that droplet formation and the subsequent

evaporalion be limited to keep contaminants off of the wafer surface. Unfortunately, the

present drying methods are only partially successful at the prevention of moving liquid

30  interface breakdown.




[0006] In addition, the SRD process has difficulties with drying wafer
surfaces that are hydrophobic. Hydrophobic wafer surfaces can be difficult
to dry because such surfaces repel water and water based (aqueous)

cl eaning solutions. Therefore, as the drying process continues and the
cleaning fluid is pulled anay fromthe hafer surface, the 5 remaining
cleaning fluid (if aqueous based) wll be repelled by the wafer surface. As
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[0007] Figure 1B illustrates an exemplary wafer drying process 18. In this example a -
portion 20 of the wafer 10 has a hydrophilic area and a portion 22 has a hydrophobic area.
20 The portion 20 attracts water so a fluid 26 pools in that area. The portion 22 is
hydrophobic so that area repels water and therefore there can be a thinner film of water on
that portion of the wafer 10. Therefore, the hydrophobic portions of the wafer 10 often
dries more quickly than the hydrophilic portions. This may lead to inconsistent wafer
drying that can increase contamination levels and, therefore, decrease wafer production
25 yields.
[0008] Therefore, there is a need for a method and an apparatus that avoids the prior art
by enabling optimized fluid management and application to a wafer that reduces

contaminating deposits on the wafer surface. Such deposits as often occur today reduce

the yield of acceptable wafers and increase the cost of manufacturing semiconductor

30  devices.

SUMMARY OF THE INVENTION




SUMMVARY COF THE | NVENTI ON 4 [0009] Broadly speaking, the present invention
fills these needs by providing a substrate processing apparatus that is
capabl e of processing wafer surfaces with a high velocity fluid |ayer
while significantly reducing wafer contam nation. It should be appreciated
that the present invention can be inplénented in nunerous ways, including
as a process, an 5 apparatus, a system a device or a nethod. Several

inventive @M@rmy%péamghalepgres%%mnvehﬁe&ﬁﬂm fh@s@ﬁe%dQ% GEdhadg fa%hgé&ate[ 0010]
I n one enbodlnent a nmethod for processing a substrate is dISC osed whi ch

i ncl udes geokessing ragpaatﬁs tnlnaﬂ it agpablonf areassipcwatsf suﬂfa:es wogt rdugh velhety | ui d
| ayer defi The generatin cl.ud nDVIQ%ﬂgi@Fad in

d
e il B g TR oo fon kst i pe s B6F { e
whi | e the headsis 1h‘anHBﬁ”éhﬁTbE Ymhf&n%eﬁ%dqwnﬁlﬁfé?ous%ay% he Rt 43 ﬁrokéésdﬁ*f I ne

the fluid [ ayer, and renoving t luid fromthe surface through the
pr oxi nit y appadiubya systeat wudvvicEhoe afrhethatl. t Sevesll smahivgerhbalifknts df ayeesebet ween
t he head .and the s bstr &1% at a velocity that increases as the head is in
cl oser prd?Y%???a{ ce. 15 [0011] In another embodinent, an

appar at us f)@IO]%O&%SéﬂnBSd1ﬁ16ﬁPb§t1ﬁét‘ﬁ(ﬁi IS 09%@3?1%?%%{)& (o ENGhUARS] 3,1hepd

capabl e of moving in proximty to a surface o e substrate and
generati ngneluddsugedetatiyen fond tdyer suraf sefacobf theesubsthsd, ihd Buidolagef defi@irg 4 | ui d

meni scus. Jh §{OX|niﬁ¥ head . i ncl des at Ieast one inlet conflgured to
apply a f|f1H1 pisHe The msedating i deg dB%‘EIF&tae hgag @epropmit o fthe,sprt ‘FGSyer

and atyl eaafﬂ%)r Hlp ﬁ#ﬁgﬁ?}eaﬁéag% Ak %u Wﬁﬂgtﬁe'}l%a% sui*qq)r rmtlrng‘tﬁ face

of the subs s capab novi N ong t e uid
| ayer bet w&"elme $ubstrine ac definet thi élusdjlaydarr; Mdareaiovmg\/thé floid §romhtht sirfieeeasesh as

t he head | cl] ose roximty to the surface. [0012 n yet another
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in 25 operation, %lrst con uit Ivering a
subst r at e ssufadeaace through the head. The system further includes a second
condui.t for rem)V|n the fluid fromthe substrate surface where the fluid
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generating a fluid layer on the surface of the substrate to define a fluid meniscus. The
proximity head includes at least one inlet configured to apply a fluid to the surface of the
substrate to define the fluid layer, and at least one outlet configured to remove the fluid
20 from the surface of the substrate. The head is capable of moving the fluid along the fluid
layer between the head and the substrate at a velocity that increases as the head is in
closer proximity to the surface.
[0012] In yet another embodiment, a substrate preparation system is provided which
includes a head being capable of being moved in proximity to a substrate surface when in
25  operation, and a first conduit for delivering a fluid to the substrate surface through the
head. The system further includes a second conduit for removing the fluid from the
substrate surface where the fluid forms a fluid layer over the substrate surface in
operation. The fluid travels along the fluid layer between the head and the substrate
surface at a velocity that increases as the head is in closer proximity to the substrate

30 surface.




surface at a velocity that increases as the head is in closer proximty to
the substrate 30 surface. 5 [0013] The advantages of the present invention
are nunmerous. Mst notably, the apparatuses and net hods descri bed herein
utilize a fluid neniscus with a high velocity fluid |layer to efficiently
process (e.g., clean, dry, etc.) substriates by operations which involve
opti mal managenent of fluid application and renpoval fromthe substrate
while 5 reshig) nhe unwahed bl uhdHrapmt GRRKAMN NANLSRIRI NNkt Ofbeablyefier
surface. I'n one enbodinment, by using the high velocity fluid to generate
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with the zsivomgagys mgastaw fgsd Menibasidtmbspheret biosler.de Corispducatly, Make

reference nuneral s designate |ike structural elenents. [0016] Figure I A

i |l ustrat BEOCFfWWé’HtW%‘%‘ BPRARY DG I?qfﬁﬂseé aghhigherayader ields Fgy &8 adneyedgiugi ng
procesgs. apefhggglg‘]vaf%}ﬁ%@ssﬂ,@_ illustrates an exenplary wafer drying process.
[0018] Figure 2 shows a wafeéer processing systemin accordance with one
enbodi men{0W#] Otlwe appeetemid ddwaengds @f thd RO} ifveativrewdl bédodft dpphiREt Rom
proximty l}r‘%&aﬂ ‘gerf rm g a wafer processing operation in accordance with
one enbodiifeRtO¥medrklsd descriptipm,faeni g gonjpnctionopith theiageqrapanying disvings.es a
waf er pro j i . . . proximty head in
accor dancgﬁl\?\nﬁ%%ggo%g@%@% HT%%%EH %{ﬂgﬁﬁ?fe){si'lghggésls%\}gﬁetn?%ﬁi [ 0021] Figure 5A

illustrates a top view ﬂ a %oxi m'tTy head i n accordance with one
RIEF DESCRIPTION OF THE DRAWINGS

15 [0015] The present invention will be readily understood by the following detailed
description in conjunction with the accompanying drawings. To facilitate this
description, like reference numerals designate like structural elements.

[0016] Figure 1A illustrates movement of cleaning fluids on a wafer during an SRD
drying process.

20 [0017] Figure 1B illustrates an exemplary wafer drying process.

[0018] Figure 2 shows a wafer processing system in accordance with one embodiment of
the present invention.

[0019] Figure 3 illustrates a proximity head performing a wafer processing operation in
accordance with one embodiment of the present invention.

25 [0020] Figure 4 illustrates a wafer processing operation that may be conducted by a
proximity head in accordance with one embodiment of the present invention.

[0021] Figure SA illustrates a top view of a proximity head in accordance with one

embodiment of the present invention.

[0022] Figure 5B shows a perspective view of the proximity head in accordance with one

30  embodiment of the present invention.




enbodi nent of the present invention. [0022] Figure 5B shows a perspective
view of the proximty head in accordance with one 30 enbodi nent of the
present invention. 6 [0023] Figure 6A illustrates a side view of the
proximty head generating the fluid neniscus with a high velocity fluid

| ayer on the wafer surface in accordancé with one enbodi ment of the
present invention. [0024] Figure 6B shows a proximty head that is angled
in conpar I[emg oiie RIA2NRBuDhtck NE side. Wekebr ke PRXAhBAnes] Wehdta@ie 1RMae|i ment
of the present invention. [0025] Figure 7 shows a proximty head that

ext ends oveaniwusiimaimes brghofelodity fheifl dayer wn the cmafetanuccaint hccondanesrvodi orent  of

the present .invention. [0026] Fi.gure 8 depicts the proximty heads that are
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with a first piece and a second prece in accordance wth one enbodi nent of
t he présemtafémuentoirdance FD2BE cFbgdineent Of thh pvserd imadhéon.pr ocessi ng system i n
one _enbodi nent . of .th resent inventjion. | 0%9] @jgure 11 A
Ithe eafe

accor danc 1 ) 0]
i |l ustrat i@eﬂ;}l %ﬂ%}w i § “ﬁeaaar%ém%mﬁ(ﬁ&%é cFeprih §vepR AHMSH ¢ rin
accordanC%cwraame%hedﬂa%q{uaﬁﬂﬁengﬁfih@ rREBSERMnAvent i on. [0030] Figure 11B

t

. shows a top view of a portion of a proximty head in accordance with one
enbodi ment[0@X6] tHigurp Bedepittts itrviarnkindty. hda0O Bk akd guthe ptddess bl upératigesn die
inlets/outlets pattern of a proximty head in accordance wth one
enbodi mentVa§r 19H&C%ﬁ?aé@%mﬂh%ﬁéﬁlhqdaﬁ@m?étﬁwwpt IVEHOB- 11D i || ustrat es
anot hgg | / I - I gy, g C ca.W i h one
embod nent Vo s s SRRk Bl g fih e 8RR
further i ntetrddmouviticepattodinendbf hepiaxhtintentioead in  accordance with one
enbodi ment _of the present invention. DETAI LED DESCRI PTI ON 25 [0034] An
i nvent i on (P81 faguieds shaws appalerapresessing sysipmoBeseqragnes vithhene smbodiment
disc'°$ed0fgkﬂm%§ﬁtﬁﬁgk W ng description, nunerous specific details are set
forth in order to provide a

[0029] Figure 11A illustrates a proximity head performing a drying operation in

15 accordance with one embodiment of the present invention.
[0030] Figure 11B shows a top view of a portion of a proximity head in accordance with
one embodiment of the present invention.
[0031] Figure 11C illustrates an inlets/outlets pattern of a proximity head in accordance
with one embodiment of the present invention.

20 [0032] Figure 11D illustrates another inlets/outlets pattern of a proximity head in
accordance with one embodiment of the present invention.
[0033] Figure 11E illustrates a further inlets/outlets pattern of a proximity head in

accordance with one embodiment of the present invention.

DETAILED DESCRIPTION

25 [0034] An invention for methods and apparatuses for processing a substrate is disclosed.
In the following description, numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be understood, however, by one
of ordinary skill in the art, that the present invention rhay be practiced without some or all
of these specific details. In other instances, well known process operations have not been

30 described in detail in order not to unnecessarily obscure the present invention.




t hor ough understandi ng of the present invention. It will be understood,

however, by one of ordinary skill in the art, that the present invention
may be practiced without some or all. of these specific details. In other
i nstances, well known process operations have not been 30 described in
detail in order not to unnecessarily ob%cure the present invention. 7
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[0037] The technology described herein may be utilized to perform any suitable type of
combination of types of wafer operation(s) such as, for example drying, etching, plating,
20 etc. It should be appreciated that the systems and proximity heads as described herein are
exemplary in nature, and that any other suitable types of configurations that would enable
the generation and movement of one or more meniscus may be ulilized. In the
embodiments shown, the proximity head(s) may move in a linear fashion from a center
portion of the wafer to the edge of the wafer. Tt should be appreciated that other
25  embodiments may be utilized where the proximity head(s) move in a linear fashion from
one edge of the wafer to another diametrically opposite edge of the wafer, or other non-
linear movements may be utilized such as, for example, in a radial motion, in a circular
motion, in a spiral motion, in a zig-zag motion, in a random motion, etc. In addition, the
motion may also be any suitable specified motion profile as desired by a user. Moreover,
30 in one embodiment, the wafer may be rotated and the proximity head moved in a lincar

fashion so the proximity head may process all portions of the wafer. It should also be




one edge of the wafer to another dianetrically opposite edge of the wafer,
or other non- |inear novenents may be utilized such as, for exanple, in a
radial notion, in a circular notion, in a spiral notion, in a zig-zag
notion, in a randomnotion, etc. In addition, the notion may al so be any
suitable specified notion profile as degired by a user. Mreover, 30 in one
enbodi nent, the wafer nay be rotated and the proximty head noved in a
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proxi m ty heads 106a and 106b that, in one enbodi nent, are 20 attached to
an upper JFroimeydcathes deserabaddiresin mapmnbe vass! inesy seitablesypientn one enbodi nent ,
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apparatus VE/I‘Q?IE mr%a/yhoqg r;?lgl/%g ?‘ot%tefé l{lnlra?erntgnénzgiléswafer surfaces to be processed. The
system 100 also includes proximity heads 106a and 106b that, in one embodiment, are
20 attached to an upper arm 104a and to a lower arm 104b respectively. In one embodiment,
the proximity heads 106a and/or 106b may be configured to apply a high velocity fluid
layer to a wafer as described below in reference to Figures 5A through 9. The proximity
heads 106a and 106b may be any suitable apparatus that may generate a fluid meniscus
such as, for example, any proximity head as described herein. In another embodiment,
25 the proximity heads 106a and/or 106b may be any suitable proximity head(s) as described
herein. The upper arm 104a and the lower arm 104b can be part of an assembly which
enables substantially linear movement of the proximity heads 106a and 106b along a
radius of the wafer. In yet another embodiment, the assembly may move the proximity
heads 106a and 106b in any suitable user defined movement.

30 [0040] In one embodiment the arms 104 are configured to hold the proximity head 106a

above the wafer and the proximity head 106b below the wafer in close proximity to the




such as, for exanple, any proximty head as described herein. In another
enbodi nent, 25 the proximty heads 106a and/or 106b nay be any suitable
proximty head(s) as described herein. The upper arm 104a and the | ower
arm 104b can be part of an assenbly which enables substantially |inear
novenent of the proximty heads 106a an® 106b along a radius of the wafer.
In yet another enbodi nent, the assenbly may nove the proximty heads 106a
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mcrons fromthe wafer to generate t meni scus on t
surface, deghtddnbetveen pbaftel. dbhm tondtedi fBnhm friva theoxifor ty ghemats tAdBaidand
106D meniscus on the wafer surface. In a preferable embodiment, the proximity heads 106a
and 100b (as well as any other proximity head described herein) may each be located bout
20 5 microns to about 500 microns from the wafer to generate the fluid meniscus on the
wafer surface, and in more preferable embodiment, the proximity heads 106a and 106b
(as well as any other proximity head described herein) may be located about 70 microns
from the wafer to generate the fluid meniscus on the wafer surface. In addition,
depending on the distance between the fluid meniscus and the wafer surface, the velocity
25 ofthe fluid that makes up the fluid meniscus may vary.
[0041] In one embodiment, the system 100, the arms 104 are configured to enable the
proximity heads 106a and 106b to be moved from processed to unprocessed portions of
the wafer. It should be appreciated that the arms 104 may be movable in any suitable
manner that would enable movement of the proximity heads 106a and 106b to process the

30 wafer as desired. In one embodiment, the arms 104 may be motivated by a motor to

move the proximity head 106a and 106b along the surface of the wafer. It should be




(as well as any other proximty head described herein) may be | ocated about
70 mcrons fromthe wafer to generate the fluid neniscus on the wafer
surface. In addition, depending on the distance between the fluid neniscus
and the wafer surface, the velocity 25 of the fluid that nakes up the
fluid meniscus may vary. [00411 In one I®rbodi nent, the system 100, the arns
104 are configured to enable the proximty heads 106a and 106b to be noved
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different types of fluids or by using a different configuration meniscus. The proximity
heads can also be configured to process the bevel edge of the wafer in addition to
20 processing the top and/or bottom of the wafer. This can be accomplished by moving the
meniscus off (or onto) the edge the wafer which processes the bevel edge. It should also
be understood that the proximity heads 106a and 106b may be the same type of apparatus
or different types of proximity heads.
[0043] The wafer 108 may be held and rotated by the rollers 102a and 102b in any
25  suitable orientation as long as the orientation enables a desired proximity head to be in
close proximity to a portion of the wafer 108 that is to be processed. In one embodiment, -
the rollers 102a and 102b can rotate in a clockwise direction to rotate the wafer 108 in a
counterclockwise direction. It should be understood that the rollers may be rotated in
either a clockwise or a counterclockwise direction depending on the wafer rotation
30  desired. In one embodiment, the rotation imparted on the wafer 108 by the rollers 102a

and 102b serves to move a wafer area that has not been processed into close proximity to




20 processing the top and/or bottom of the wafer. This can be acconpli shed
by nmoving the neniscus off (or onto) the edge the wafer which processes

t he bevel edge. It should also be understood that the proximty heads 106a
and 106b may be the sanme type of apparatus or different types of proximty
heads. [0043] The wafer 108 may be hel dland rotated by the rollers 102a and
102b in any 25 suitable orientation as long as the orientation enables a
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waf er and rempes tfiuodsl frompa axgioh thethemdthaywafer and a particular proximity head by
applying vacuum (also known as vacuum outlet). In an optional embodiment, additional
inlets may be utilized to apply a surface tension reducing fluid (e.g., isopropyl alcohol
20 vapor in nitrogen gas) to the fluid on the wafer surface. In one embodiment of a drying
operation, the at least one inlet may apply deionized water to the wafer surface.
[0045] In an exemplary cleaning embodiment, a cleaning solution may be substituted for
the DIW. An exemplary etching embodiment may be conducted where an ctchant may
be substituted for the DIW. In an additional embodiment, plating may be accomplished
25  as described herein by using a processing fluid and configuration of a proximity head
configured for plating. In addition, other types of solutions may be inputted into a fluid
meniscus on the wafer surface and removed from the fluid meniscus depending on the
processing operation desired.
[0046] It should be appreciated that the inlets and outlets located on a face of the

30 proximity head may be in any suitable configuration as long as a stable meniscus as

described herein may be utilized. In one embodiment, the at least one inlet may be




appl yi ng vacuum (al so known as vacuumoutlet). In an optional enbodi nent,
additional inlets may be utilized to apply a surface tension reducing
fluid (e.g., isopropyl alcohol 20 vapor in nitrogen gas) to the fluid on
the wafer surface. In one enbodinent of a drying operation, the at |east
one inlet may apply deionized water to ¥he wafer surface. [0045] In an
exenpl ary cl eani ng enbodi nent, a cleaning solution may be substituted for
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[0047] In an optional embodiment, at least one N,/IPA vapor inlet may be adjacent to the
20 at least one vacuum outlet which is in turn adjacent to the at least one processing fluid
inlet to form an IPA-vacuum-processing fluid orientation.
[0048] In one embodiment, the proximity heads 106a and 106b may be positioned in
close proximity to a top surface and a bottom surface respectively of the wafer 108 and
may utilize the at least one inlet and the at least one outlet to generate wafer processing
25 meniscuses in contact with the wafer 108 which are capable of processing the top surface
and the bottom surface of the wafer 108. At substantially the same time the processing
fluid is applied to the wafer surface, a vacuum may be applied in close proximity to the
wafer surface to remove the processing fluid and some of the surrounding atmosphere,-
and/or the fluids that may be on the wafer surface. The portion of the processing fluid
30 thatis in the region between the proximity head and the wafer is the meniscus. It should

be appreciated that as used herein, the term "output” can refer to the removal of fluid from



vacuum out | et and processing fluid inlet may differ in nmagnitude dependi ng
on the size, shape, and configuration of the proximty head 106a and the
desired size of a process neniscus (i.e., neniscus shape and size). [00471
In an optional enbodiment, at |east one N2/1PA vapor inlet nay be adjacent
to the 20 at |east one vacuumoutlet WMBich is in turn adjacent to the at

| east one processing fluid inlet to forman |IPA-vacuum processing fluid
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in accordance with one enbodi nent of the present invention. Figures
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surface 103a is being processed. By applying the

exemplary in nature, and that any suitable inlets/outlets orientation that may produce a

stable fluid meniscus may be utilized such as those configurations as described herein. In
one embodiment, the meniscus 116 with a high velocity fluid layer may be generated.
20  Therefore, as explained further in reference to Figure 6A, a Bernoulli effect may be
generated on the wafer 108 thereby lessening or obviating the need to apply a surface
tension reducing fluid (e.g., gas, substance, liquid, etc.) to the boundary of the fluid
meniscus 116.
[0050] Figure 4 illustrates a wafer processing operation that may be conducted by a
25  proximity head 106a in accordance with one embodiment of the present invention. It
should be appreciated that the application of TPA is optional and that in a preferable
embodiment as discussed in reference to Figure 6A, the fluid meniscus 116 may be
produced without application of IPA. Although Figure 4 shows a top surface 108a being
processed, it should be appreciated that the wafer processing may be accomplished in
30  substantially the same way for the bottom surface 108b of the wafer 108. In one
embodiment, the inlet 302 may be utilized to apply isopropyl alcohol (IPA) vapor toward




| PA 310 through the inlet 302, the vacuum 312 through outlet 304, and the
processing 15 fluid 314 through the inlet 306, the neniscus 116 nay be
generated. It should be appreciated that the orientation of the
inlets/outlets as shown in Figure 3 is only exenplary in nature, and that
any suitable inlets/outlets orientatiordthat nmay produce a stable fluid
meni scus nmay be utilized such as those configurations as described herein.
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be generated. 20 Therefore, as explained further in reference to Figure 6A,
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that may enaplbEesingTRMANBE A8 @ idRTBonREOG &8RS kidthce! N ONe enbodi nent, an
| PAinflow 310 is provided through the inlet 302, a vacuum 312 may be
appl i ed t HPeRI§H hetedorouin ene IMbodindenprafce seifergpobessihg, as the processing fluid
inflow 314 and the IPA inflow 310 is applied toward a wafer surface, fluid (if any) on the
wafer surface is intermixed with the processing inflow 314. At this time, the processing
20 fluid inflow 314 that is applied toward the wafer surface encounters the IPA inflow 310.

- The IPA forms an interface 118 (also known as an IPA/processing fluid interface 118)
with the processing fluid inflow 314 and along with the vacuum 312 assists in the
removal of the processing fluid inflow 314 along with any other fluid from the surface of
the wafer 108. In one embodiment, the IPA/processing fluid interface 118 reduces the

25  surface of tension of the processing fluid. In operation, the processing fluid is applied
toward the wafer surface and almost immediately removed along with fluid on the wafer
surface by the vacﬁum applied by the outlet 304. The processing that is applied toward
the wafer surface and for a moment resides in the region between a proximity head and
the wafer surface along with any fluid on the wafer surface forms a meniscus 116 where

30  the borders of the meniscus 116 are the IPA/processing fluid interfaces 118. Therefore,

the meniscus 116 is a constant flow of fluid being applied toward the surface and being




i nflow 314 may be provided through the inlet 306. Consequently, if a fluid
filmresides on the wafer 108, a first fluid pressure may be applied to
the wafer surface by the IPA inflow 310, a second fluid pressure may be
applied to the wafer surface by the processing 15 fluid inflow 314, and a
third fluid pressure nay be applied by IShe vacuum 312 to renbve the
processing fluid, IPA and the fluid filmon the wafer surface. [00511
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are the I PA/processing fluid interfaces 118. Therefore, the neniscus 116
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renoved at_substantially the same tinme wth apy.fluid on the wafer suyrface.
The near |y EnRBaT St SapLsRY : | 5Cap e ﬂ}f%ﬁci‘é?Pﬁél% mealswsoﬁ?wﬁmmotﬂ
surface priwemes, dshie 4 BRE iRbro@ksihd A i HAMEhD MR oLf1es 3684 R b&indahe

waf er surface being dried thereby reducing the possibility of

cont ani natpakmgowp theelPAdprocessng fhfid entetfime jI8ds @t k mgntitusue bhasdaae bamapid shed
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100521 The flow rate of the N2 carrier gas containing the I'PA may assist in
causi ng a fBid pn thewaderpugfacaf thp ritese $io rthe olhitiétsl 308 dw discbndfiucube Thegiflow
bet ween t '&%aBﬁt?ﬁ‘Jit@i {[syangﬁ)aggug Ec]éj ffu?c? and gas being pulled up through a straw when a
vacuum is exerted on combination of fluid and gas, Consequently, as the proximity head
20 106a moves, the meniscus moves along with the proximity head, and the region
previously occupied by the meniscus has been dried due to the movement of the
IP A/processing fluid or processing fluid only interface 118. It should also be understood
that the any suitable number of inlets 302, outlets 304 and inlets 306 may be utilized
depending on the configuration of the apparatus and the meniscus size and shape desired.
25  In another embodiment, the liquid flow rates and the vacuum flow rates are such that the
total liquid flow into the vacuum outlet is continuous, so no gas flows into the vacuum
outlet. It should be appreciated that any suitable flow rate may be utilized for the
processing fluid and vacuum as long as the high velocity fluid layer making up the
meniscus 116 can be maintained. It should be understood that the flow rate of fluids may

30 vary depending on the size of the proximity head as long as the fluid meniscus 116 can

maintain a Bernoulli type effect on the wafer surface. Specific flow rates that may be




10 wafer surface and into the outlets 304 (vacuumoutlets) through which
the fluids nay be outputted fromthe proximty head. It is noted that the
push of processing fluid flowis not a process requirenment but can be used
to optimze nmeni scus boundary control. Therefore, as the |IPA and the
processing fluid is pulled into the outliéets 304, the boundary naking up
the | PA/ processing fluid interface 118 is not a continuous boundary because
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application of IPA. In one exemplary embodiment, the proximity head may generate the

fluid meniscus by applying a high velocity fluid layer on the wafer surface through the at

20 least one inlet and removing the fluid from the high velocity fluid layer though the at least

one outlef. By applying the high velocity fluid layer between the proximity head and the

wafer surface, a Bernoulli type effect may be generated so a low downforce region may

be created on the region of the wafer surface in contact with the fluid meniscus. As the

fluid is applied to the wafer surface, in one embodiment, the combination of the vacuum

25  from the outlet and the small gap between the proximity head and the wafer surface may

generate the higher velocity of the fluid making up the high velocity fluid layer.

Therefore, the fluid of the fluid meniscus travels at a high velocity over the wafer surface

where the higher velocity is generated by a vacuum removing the fluid and by the fluid

traveling in a small gap between the proximity head and the substrate surface. As the gap

30 becomes between the proximity head and the wafer surface becomes smaller, the velocity

of the fluid making up the high velocity fluid layer may increase. Consequently, the low




processing fluid to generate wafer cleaning operation. In a simlar
fashion, different fluids my be utilized and simlar inlet and outl et
configurations may be utilized so the 10 wafer processing neniscus nay al so
etch and/or plate the wafer. In one enbodi nent, etching fluids such as,
for exanple, HF, EKC proprietary solutildn, KOH etc., may be utilized to
etch the wafer. In another enbodi nent, plating fluids such as, for exanple,
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processing region to generate the fluid meniscus. Therefore there is low pressure in
20 between the proximity head and the wafer 108 because the fluid moving in the fluid
meniscus is moving so rapidly, and this low pressure generates attachment of the wafer
108 to the proximity head with the fluid meniscus operating as a fluid bearing. In
addition, this generation of a stable and very thin fluid meniscus obviates the need for
another source outlet to apply a surface tension reducing fluid such as for example, [PA
25 vapor.
[0056] Figure 5B shows a perspective view of the proximity head 106' in accordance with
one embodiment of the present invention. In one embodiment, the proximity head 106'
includes a row of inlets 306 that is substantially surrounded by the plurality of outlets
304. Therefore, as the processing fluid is applied to the wafer surface from the row of
30 nlets 306, the fluid with a high velocity forms a layer on the wafer surface to generate the

Bernoulli-type effect. It should be appreciated that the proximity head 106' may be any




[ 0055] Figure S5A illustrates a top view of a proximty head 106" in
accordance with one enbodi nent of the present invention. The proximty
head 106" includes a processing region 320 that includes an area with a
plurality of inlets 306 and a plurality of outlets 304. In one enbodi nent,
the plurality of inlets 306 is configurBd to be capable of 10 applying a
processing fluid to the wafer surface at a flowrate to generate a fluid
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fluid is applied to the wafer surface fromthe row of 30 inlets 306, the
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which in essence is the fluid meniscus 116. The movement of the fluid layer at a high

velocity is shown by the direction arrows 344. The processing fluid that has been applied
20 to the wafer surface is removed by a vacuum 334 through the outlets 304.
[0058] In another embodiment, the vacuum 334 can only be used in one of the source
outlets 304 that is shown. It should be appreciated that the volume of the processing fluid
applied per unit time through the inlets 306 is substantially equivalent to the processing
fluid removed per unit time through the outlets 304, In essence, once the a fluid meniscus
25 116 has been established between the proximity head 106' and the wafer 108, in one
embodiment, a steady state of {luid inflow through the source inlet 306 and fluid outflow
through source outlet 304 may keep the meniscus stable. Therefore, the vacuum applied
through the outlets 304 and the flow rate of the processing applied through the inlets 306
may be coordinated so substantially the same amount of fluid is inputted into the fluid
30 meniscus 116 per unit time as the amount of fluid removed from the fluid meniscus 116

per unit time,




proximty head 106' nmay have a length that is |onger than a dianeter of the
wafer. In 5 such an enbodi nent, as discussed in reference to Figure 7, the
proximty head 106 can process an entire surface of the wafer by scanning
once over the wafer. In addition, it should be appreciated that the

proxi mty head 106' may be nade from arl® suitable material such as,

pl astics, sapphire, quartz, netal. In addition, the proximty head 106

may be nmadeoso] dmenildw irplecofnfitidrinaditectibm 3dnds erippdisiahte vabcshofnhdEhww i n
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out | etls 3Qhoditiitly hesd SO walfdr saFfads, thellfplap Bicoi it datt Batheted veknengaref the
processing fluid applied per unit time through the inlets 306 is

subst ant i #MTECesIEIShe oy Fie ipkent eenstay.  Thewmsferer none ampedimgnt, tin thave
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fluid outf]ow _through source outlet 304 may keep the neniscus stable.
Ther ef or e th¢ Hafey suifagn hpioisibsing rrewssehby fe Buid mesndscp 4 1&ndhishlewf pisssurat e of

t he prQcessin | ed . iLnlets 306 .may be coordinated s
substant: s CufRRed BEme KBRS ol A Dol TR testiy BOREELT B Ffialve
meni scus ldke petweenitic grotigninshehdd 06 IRY e wifef 108. d renmoved fromthe fluid

meni scus 116 per unit tine. 19 [0059] The flow rate of fluid in direction
344 i s prdPeitliTdvensght he Raremilli yynsf effas geneaterl by the high velocity fluid layer and

through surface tension, the fluid meniscus 116 can be extremely stable and moveable
across the wafer surface without meniscus degradation. In addition, the Bernoulli-type

20 effect generated on the wafer surface generates a force 346 between the proximity head
106' and the wafer 108 that keeps the proximity head 106 within close proximity of the
wafer 108. Therefore, in one embodiment, depending on the velocity of the fluid in the
fluid layer making up the fluid meniscus 116, a distance 382 between the proximity head
116 and the wafer 108 may be varied.

25 [0061] A particular fluid velocity within a particular path may generate different types of
low pressure zones. Therefore, by applying fluid at a higher and higher flow rate into the
fluid meniscus 116, the low pressure area may be made into an even lower pressure area,
thereby, increasing the attraction between the Wafer 108 and the proximity head 106"
Therefore, by controlling the fluid velocity within the fluid meniscus 116, the amount of

30 low pressure between the wafer 108 and the proximity head 106' may be regulated. As a
result, by applying a fluid at a particular velocity through the fluid meniscus 116, a




mul tiplied by the height (e.g., height of the space between the proximty
head 106' and the wafer 108). Therefore, by increasing the flowrate into
the source inlets 306 and increasing the fluid renoval fromthe source
outlets 304, a high velocity of fluid may be 5 generated between the
proximty head 106' and the wafer 108 t2ereby obtaining the height which
varies wth fluid velocity. In addition, the height may be set at a certain

poi nt and pattielal lewl BRIbwWBrekRipé 9Nt diainel hEoabyqubney, @asprgsukd bdathsy eéleoci ty
to generate a_|l ow Br essure region between the wafer 108 and the proximty
head 106' .baqifpideedighe wafasanay smeeonstpat byicthe prasyurefontthe fibhiside fthe sideatither t he

height. T re, . | | er e _ga etween the 10 pr.oxipj,ty and
e et er 0 b Eenitl® BTGB, REGHRERE peSGRe b o skl pEis JREHOEES €.
surface agstiEshge wWhRr fil twdiradi®niagaikeRthe pRREH&head TDgr ef Ore, in one

enbodi nent, in the region between the inlets 306 and the outlets 304, the

fluid fral8e] Hecaussithh emoyel efclowypriessuge corigates toydieamiaupt pf eituctiegfonre 348.

Consequent,] i ener.at es W _pressure area o t he r surface
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an attractive force between the proximty head 106' and the wafer 108.

[ 0060] Threg\pgHimays the distance 382 yse befseeand ayeorsimaal edodsysing) Sutdi hooitylio et y
fluid | ayeg__and hr ough surface tension, .the fluid nmeniscus 116 can be
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waf er surface generates a force 346 between the proximty head 106" and
t he waf er tho®w prssweapgion lzengniestibyi thy Higndeleiey Histdhean mows ¢hepwater 1By of

the wafer 108.. Therefor i n,one.enmpodi t.., depending on the velocity of
the fluid ploﬁlgf)ﬂlélg%el Tﬁdor f%%,gpd ARG fivag‘%golgi ui d neniscus 116, a di stance
382 bet weq0d4]gn RAGKbAIHycBRA NG &ff%ﬁ}ﬁ td DeeyRh&k dkPBcOBYe E@w\f%rei; 88 ve2S

[0061] A particular fluid velocit in a particular ‘path may generate

di fferent leypead stil olitgw aphigh seloeity dhak . Thtrefoet,ar smalby aappiny bfifufd windbeat a
hi gher1 and hciTgOher fJ‘I owrate into the flujd _neniscus 116, the | ow pressure
area My BEHEAS3R: BOSSENGe nl D Get S3recrost ol vateaprocessibe s enhapgedbaltng t he

at tract i opreRiNeeHpdRfnseitholfSianst éﬁ_&}?ecﬁﬁ%?@ th%p%%ﬁﬂit}ﬂéa'c} 1066%?% glor e,

by controlling the fluid velocity within the fluid nmeniscus 11 e anount
of 30 | owapy ewitaetybeoivded to penewat the OB rendcdshid 6p innsequieytly) elapentit’ onmay be
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as, for example, etching, cleaning, rinsing, drying, etc. Moreover, the fluid meniscus 116

20 may process a dry or a wet surface depending on the conduit configuration on the
processing surface of the proximity head 106".

[0065] Therefore, depending on the wafer processing operation desired, the distance 382

may be any suitable distance as long as the fluid meniscus 116 with the high velocity fluid

layer may be generated between the proximity head 106 and the wafer 108. In one

25  embodiment, the distance 382 is between about 5 microns and about 500 microns. In

another embodiment, the distance 382 may be about 50 microns to about 200 microns

while in a preferable embodiment, the distance 382 may be about 70 microns. In

addition, the velocity of the fluid when traveling between the inlet and the outlet may be

between 5 cm/sec and 200 cm/sec. In another embodiment, proximity head is capable of

30 moving the fluid along the wafer surface from the inlet to the outlet with a velocity of

between 10 cm/sec and 100 cm/sec.




20 particular level of |low pressure may be attained. Consequently, the
pressure agai nst the backside of the wafer may stay constant but the
pressure on the front side (the side with the fluid neniscus) is |owered.
Therefore, the pressure on the backside of the wafer 108 pushes the wafer
in the direction against the proximty Head 106'. 5 [0062] Because the
anmount of | ow pressure correlates to the anount of attractive force

bet ween t HeogH] HeMidwy rdiead L6 anankk héighif (elsl, diisiBite Wetitech kBe proREnBPAGH!
between the proximty head 106 and the wafer 108 may be varied by fluid
vel ocity. 10f %pdﬂhef‘éﬁ%htms)e%&@i A tmeniscas diage anelatiosshimay shews deloani an
opti mal p@gﬁﬁ§§ing fluid velocity in the direction 344 may be utilized to
generate optinal fluid neniscus cohesion. 10 [0063] Moreover, by applying
the high velocity fluid to generate thgyfhuid nmeniscus 116, the Tow
pressure region generated by the high velocity fluid can nove the wafer
108, positioning the wafer 108, and aligning the wafer 108. [0064] In
addition, by decreasing the height to a very short distance, the flow rates
can be Iom1an§“§??%?¥gﬁﬂgﬂﬁﬂa hi gh velocity fluid. Therefore, a smaller
anount of fluid can be 15 used for wafer processing. This can save costs
of wafer processing and enhance wafer processing operations. It should al so
be appreciated that the proximty head 106' nay use any suitable type of
fluid to generate thé TlTuid meni scus 116. Consequentty, dependimg omnm the
fluid utilized any suitable type of wafer processing operation may be
condudted such as, for exanple, etching, cleaning, rinsing, drying, etc.
Moreover, the. fluid nmeniscus 116 20 may process a dry or a wet surface

dependi ng ‘hulFed do s iquatemas Seracindmblnl.this the legtisef thy mamiscas bl @and he

roxim-t s - : , in n. er_processin
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generated bpetween the proximty head 106 and the wafer 108. In one 25
embodi mentAMEREOT; sthenicdowne diepdpeton thayBuid menises dn§ inndlizadaurels dor

m crons. | i i 82. e, about 50 m ¢rons
o sbaqt 200" Rney BfpoS A SR, nbiBe ShakABaTe it 1B %) AHeus T S35
may be abaliter®fomi i omsembadimanilitici fad nichRenel 18GhAyhAE atibgsth bESEmah e
traveling Eetween the inlet and the outlet may be between 5 cm sec and 200

cm sec. | in&EEh irabaridd? meht Byprmgiths equatiemas showaapdisbls loff the height H is

1.5 mm a velocity of 10cm/s is obtained at a flow rate of 1000 ml/min, a velocity of §

cm/sec is obtained at a flow rate of 500 ml/min and a velocity of 1 cr/s is obtained at a
20 flow rate of 100 ml/min. In another example, if the height of the fluid meniscus (e.g., the
gap between the proximity head 106 and the wafer 108) is about 0.005 cm then a velocity
of 167 cm/s is obtained at a flow rate of 1 L/min, a velocity of 83 cm/s is obtained for a
flow rate of 500 ml/min and a velocity of 17 cm/sec is obtained for a flow rate of 100
ml/min. The exemplary calculations were made purely for exemplary purposes and it
25  should be appreciated that depending on the dimensions of the fluid meniscus 116, the
above calculations may change.
[0067] Figure 6B shows a proximity head 106" that is angled in comparison to a plane of
the wafer 108 in accordance with one embodiment of the present invention. In one
embodiment, the proximity head 106' is angled at an angle B,5; where the distance
30 between the proximity head 106' and the wafer 108 can vary depending on the

configuration and process operation desired. The angle 845, may be any suitable angle as




30 noving the fluid along the wafer surface fromthe inlet to the outl et
with a velocity of between 10 cnisec and 100 cnfisec. 21 [0066] The fl ow
rate of fluids and the height (e.g., distance between the proximty head
106" and the wafer 108) of the fluid neniscus have a relationship as shown
below in Table 1. Table 1 5 Vel ocity=R2ow 2(LH) 10 As utilized in the
equation as shown in Table 1, L is the length of the neniscus 116 and the

H is the heightthefluid@ehibdisd 15RiHySUBrmed of Ul dedlRirRph RCimtaathodimint,
depending on the wafer %rocessin operation desired, the fluid meniscus
I

116 may béhoingdnQissuiay hbbetwedi fanditoasiegrebe hanbthai emgbetiiments therangledhst he
fluid meniscus 116 is_utilized pure for 15 exenplary purposes and shoul d
not be coﬁ%atytjlffe ]fY"Ser’f # apd 1b nggrreE% F“b‘l ﬁ’e"h PLeferable Gn@ﬁewg“&itﬁﬁﬁ@ ghavouj H'%one
embodi nmentjegfeBendibui d meni scus 116 may have a length of 50 mmand the
width is about 025 inch. By using the equation as shown in Table 1, if the
hei ght 5H i[8068] By mavireg aehmpte 6)4,,dhe dkpaics thesmehis@isniad miy be thanged. alreoraf 1000

mM/mn, avelocity of 5 cnfsec is obtained at a flow rate of 500 ni/mn
and a vel G&bogingnt, by ifcliding Btageisdesatheapmeinitnheadal ' stay teoontintiasdito | n

anot her e e, f .t 1.aht the f.luid, nenisgcus ., .,he.
bet ween tﬁ’gg%l?eol)r(l ia'rﬁap ya'ﬁaégﬁje%)é‘ ' g{% “Thep lﬁigaisespmﬁlé‘} ﬁi%greg dg]Eé nggﬁgie%%%%ehen a
vel ocity pebxih@y ledas106s iohhisédaibhet titanf HRWefatige Off the Ljrdkihity@ hvl 0gé'ty of

83 cnm's is obtained for a flowrate of 500 mM/mn and a velocity of 17
cm sec i s TowteAPIRe thof Bridamemisgys: Bhbegerteratad by rthe proximityicheast i) hasya larger

| culat i purel y. f | d it .25 sh b
appr odTa i) heTRAE sRUIERING RE SACTR G oPURBRRERpC I i RoBEE 46 e
above cal endyetavens optimachangtent pR&H o Bicdut ¢e. 6 BiiRend oPIHRXHE énftedd 106

that is angled in conparison to a plane of the wafer 108 in accordance
with one enbadihedprdies end)ang thesswafer puasat ba pracassed avill enpouitarsing left side

e e R CH e R RS SRR B e
would leave the processed area last.

15  [0069] Because of the fluid-air interaction at the border 374 of the right side of the fluid
meniscus 316 as shown, the processed region of the wafer surface is left is dried in a more
effective manner than if the right side of the fluid meniscus 316 were the last to contact
the processed region. In addition, in the configuration shown in Figure 6B, when the
leading edge of the fluid meniscus 316 is the side with the thinner layer of fluid, the

20 proximity head 106" may be moved in a faster manner so more wafer area can be
processed in a certain span of time. In one embodiment, the wafer 108 may be held in a
rigid manner so the distance between any part of the proximity head 106' and the wafer
108 does not change. In this way, the processing environment may be kept at a constant.
[0070] Figure 7 shows a proximity head 106" that extends over a diameter of the wafer

25 108 in accordance with one embodiment of the present invention. In one embodiment,
the proximity head 106" can start from one end of the wafer 108 and move down the
diameter of the wafer 108 in a direction 502 to process the wafer 108. In one
embodiment there may be a proximity head above and below the wafer so the fluid
meniscus 116 can be formed between the proximity heads.

30 [0071] Figure 8 depicts the proximity heads 106a" and 106b" that are in the process of

operating on the wafer 108 in accordance with on embodiment of the present invention.




configuration and process operation desired. The angle 0452 nmay be any
suitable angle as 22 long as the fluid neniscus 116 nay be forned on the
waf er surface. In one enbodi nent, the angle 0452 nmay be between 0 and two
degrees. I n another enbodi nent, the angl e 0452 nmay be between 2 and 10
degrees and in a preferable enbodlnent 2% he 0452 is about 0.3 degree
angle. 5 [0068] By having an angle 0452 t he shape of the neniscus 116 may
be changedn dme embodiewhodi mmropd@mitymﬂadﬂilﬂga"t hel aogh"e tRed ddletst 306 pf ehd mity
head 106" may bhe optim zed in a particular, direction. For
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fluid m::nlger8 316 nmay have an optinmal novenment pattern to the Ieft (e.qg.,
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i nteraction at t he border 374 of the right side of the fluid neniscus 316

as shown, ¥fdOpP'ocEesefare; thyifhnd grenispes MP@Fe@Yrthéé@ﬂ@ﬁ}’ beadsi 196%! mhatbd n a
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were the last t cessed region. |on

conf i gor atBeeausshafnhei lnwl-‘prgssn& f@ion\l\@@@m&éﬁﬁbeﬂwé{ﬂ thmglfaﬁﬁﬁﬂtgﬂ hedd@ el gsh'ubri
meni scus 316 is the side with the thinner |ayer | uid, the 20 proximty

head 106' &Y™ Bee Agidemeniscus i sxtranclatabls a@bmﬁﬁfp@lw\aﬁé%ﬂ@ﬁi@h thegeriseated
processed g3 ﬁleﬁﬁl&l%fal'nr}n&%ndo% h’ﬂ e wiled cﬁggl%fbva\élg A&%ﬁ%{a Brolpf:ssg sqerﬁaé:e (c)iry ey

be held in a manner e di stan

proximty alndadthbﬁﬁconmﬂnmethwdb@renhé&&gdﬁﬁ%r ﬁt@&es@ﬂﬂ Eratibis. t hi s way, the
processing environnent maybe kept at a constant. 0070] Figure 7 shows a

proxi mi ty IAEEd igge 9tlﬂﬁﬁﬁaé@§tad?fé§m§%heﬂé 1863 wathen fitst pieheandhd second pikosin n
the priowi morimeRa G TR TRl ¢ B ERR i ST R e B e Hove.
down the mioemetyehicadf 10oemuafigdiudedd firkt piceld 6OG tthANs XPAfiERRMORSH LG vvaf er
108. In one enbodinment there may be a proximty head above and bel ow t he
waf er so tH@ximityjtg the wafer 108 and a second piece 602 that may surround the first piece 600.
In such an embodiment, the first piece 600 may be a material with tight tolerance
capabilities such as, for example, sapphire. The second piece 602 may be a material that
20  is easier to configure such as, for example, plastics, PET, etc. The first piece 600 and the
second piece 602 may be cither bolted together or glued together by adhesives. In one
cmbodiment, the first piece 600 and the second piece 602 may be configured so the first
piece 600 is in closer proximity to the wafer 108 than the second piece 602. In this
fashion, the section of the proximity head 106™ with the highest dimensional tolerance
25  may be placed in the processing region where the fluid meniscus 116 is generated.
[0073] In one embodiment, the proximity head 106™ may include at least one source inlet
306 and at least one source outlet 304. The at least one source inlet 306 may apply a
processing fluid to a surface of the wafer 108. The fluid may then form the fluid
meniscus 116 while traveling in a high velocity layer towards the source outlet 304 which

30 may utilize vacuum to remove the fluid from the surface of the wafer 108. In this way a

high velocity layer that is thin may be generated on the wafer surface between the wafer




meni scus 116 can be fornmed between the proximty heads. 30 [0071] Figure 8
depicts the proximty heads 106a" and 106b" that are in the process of
operating on the wafer 108 in accordance with on enbodi nent of the present
invention. 23 In one enbodi nent of the proximty heads 106a" and 106b", the
inlets 306 of the proximity heads 10624 and 106b" generate the high
velocity fluid | ayer between the proximty heads 106a" and 106b" fluid
meni scus khé thélmmrgﬁhit&ﬁ&a@rl@é‘%STngefbl}euiaCBerﬁ@.nhicﬁ"&bi fay b ginstaidiicen A6 nay
separate the proxinmty he 106a" and 106b" and 5 therefore, the fluid
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generated by the proximty heads 106a" may be extrenely thin depending on
the veﬁoc.lf’é”‘BfoEh@prmgd 1SS dﬁ%’kléé atipexehwlary yrafemprocessing. sym@rrsmtam of

T060" "t hePr ey RERBHy RERCLEL 60, REURER ARE-BRBEE, L0 BE TR AR,

t he gener ahgdny bhitibtt typabSSMRni WithahY antadrmpmﬁprbﬁﬁﬂ@ Hwad edat dﬁp@n@faﬁe and
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vaf er pr odeS¥rrgenifar £on Gfsised gothothe Frghedanants pf thet prasess inyepii@xdesctijechead
106"" with.p;first piece and a second piece in 15 accordance with one
enbodi ment of1 the present invention. In one enbodinment, the proximty head
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proximty to the wafer 108 and a second piece 602 that may surround the
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mat eri al a ca ab|I ch as exa phire.
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processing region where the fluid neniscus 11 generated. [0073] In one
embodi mentl10¢hecapr bsi rinayt €t prodmityhgad; nmimdeﬁsaetmuleaktoflorvéndownddes nl et

substantially linear movement of the proximity heads 106a and 106b along a radius of the
wafer. In one embodiment the proximity head carrier assembly 1104 may be configured
20 to hold the proximity head 106a above the wafer and the proximity head 106b below the
wafer in close proximity to the wafer. This may be accomplished by having the upper
arm 1104a and the lower arm 1104b be movable in a vertical manner so once the
proximity heads are moved horizontally into a location to start wafer processing, the
proximity heads 106a and 106b can be moved vertically to a position in close proximity
25 to the wafer. In another embodiment, the fluid meniscus may be formed between the two
proximity heads 106a and 106b and moved onto the top and bottom surface of the wafer.
The upper arm 1104a and the lower arm 1104b may be configured in any suitable way so
the proximity heads 106a and 106b can be moved to enable wafer processing as described
herein. It should also be appreciated that the system 1100 may be configured in any
30 suitable manner as long as the proximity head(s) may be moved in close proximity to the

wafer to generate and control a meniscus on the wafer surface. In another exemplary




306 and at |east one source outlet 304. The at |east one source inlet 306
may apply a processing fluid to a surface of the wafer 108. The fluid may
then formthe fluid neniscus 116 while traveling in a high velocity |ayer
towards the source outlet 304 which 30 may utilize vacuumto renove the
fluid fromthe surface of the wafer 1085 In this way a high velocity |ayer
that is thin may be generated on the wafer surface between the wafer 24 and

t he proxi rdpibdiead, tih@@fdximfﬂnﬁé@fwsema%ea%me&bﬂdﬁﬁt ERCS T AMBYmBehigieRRia ed on
the wafer surface thereby stabilizing the fluid neniscus 116 and enabling
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fluid neniscus. It should be appreciated that any suitable type of system
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appreci ated that any suitable manner ding or noving the wafer can be
used such bagsh.for exanple, rollers, pins, platen, etc. The system 1100 may
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1104a and fitié nheswgsns aman tranmsnmm ldwmedrea alop]ang stition gadoke ruifycehebtheowufer er

assenbl y 1]}34 whi ch elln% sub tantial | i near vement of _the pr oximty
heads 106a" Hifd" FFeBTal ﬂldn%? galgs Agqut, BPne §ide ohfae sy as desifed e

proxi m ty faeaekesRur bit! arRSS RN BhY protifit HYLdgyLgd 20 to hold the
proximty head 106a ab%ve t he V\%f er a};%%ﬁﬁ% pr odxili’%‘?y head 106b bel ow t he

waf er in dP@EAR Hgwxi MA yillugratdsea irbeimityThesl ey geefoaningnpl waibe prévgsduayi ng
t he uq@er arm 1104a and the | ower arm 1104b be novaple in a verti cal

manner>so BHEHOR AR ACodacRiYih preserabodimenipRlele messeRioivantiop. | RicoPrexineibat i on
to star t WREENT 06 1R GRS %Hﬁgdzrﬁéﬂ? m&Ve@ X Hile! 1M cib%@gﬁ)x}[gﬁﬁ tfid (JPER 6N 08E oFOVEd

vertically to a position in cl’ose proxim
the wafer 108 to conduct the wafer processing operatlon It should be appreciated that

depending on the type of fluid applied to the wafer 108, the fluid meniscus 116 generated
by the proximity head 106 on the wafer surface 108a may be any suitable wafer
20 processing operation such as, for example, cleaning, rinsing, drying, etching, plating, etc.
It should be appreciated that the proximity head 106 may also be utilized to process the
bottom surface 108b of the wafer 108. In one embodiment, the wafer 108 may be rotated
so the proximity head 106 may be moved while fluid meniscus processes the top surface
108a. In another embodiment, the wafer 108 may be held still while the proximity head
25 106 generates the fluid meniscus on the wafer surface. Then the proximity head may
move or scan over the wafer surface and therefore move the fluid meniscus along the
surface of the wafer. In yet another embodiment, the proximity head 106 may be made
large enough so the fluid meniscus encompasses the surface area of the entire wafer. In
such an embodiment, by applying the fluid meniscus to the surface of the wafer the entire

30 surface of the wafer may be processed without movement of the proximity head.




25 to the wafer. I n another enbodinent, the fluid neniscus may be forned
between the two proximty heads 106a and 106b and noved onto the top and
bottom surface of the wafer. The upper arm 1104a and the | ower arm 1104b
may be configured in any suitable way so the proximty heads 106a and 106b
can be noved to enabl e wafer processi n@éas described herein. It should

al so be appreciated that the system 1100 may be configured in any 30

sui tabl e meOTs} T 36e bABEdiAtnt, MR PoRMIIN hidad NGB IR uRE i1y @802 Bndc13%e
proximty to the wafer to g;?erate and control a neniscus on the wafer

surface. |2pd anevrse puidstdApt.aknsueh aw ambadiment. | SOPH&JYbﬁb&thV@BDTh@ gropeBeifay be

| ocated at $lo end.of a h rotates ound defined by a
second. end? B hET0LRT o8 epl Dt Aag, fptel, BimlF sfe dlstar ey,
head may hg1P@wEthd dbphed &S the WEr s‘hﬂﬁcesﬂhhfl%ﬁ% Rhurdehfuepf 14, akdla yejceait her
enbodi nent, the armnmay be noved in a conbi nation of a rofati onal novement

and a § I|%i3mmﬂpplmﬂﬂm6@g¢ﬂf@mvfﬁcwhtwghapspmﬂmlcty13ﬁéad 106 for each
si de of t f.er a.si,ngl ead .ca eS|de of .a. waf er.
& her sur 1GET 05 ans eRpPuitsf b b ahan i HE B ARG 1 ieuiing e ShiRe Alidys
proxi m ty 1Beadn h8Gitibs té‘ﬂ%d%ppﬁlké&tlfbﬁf ﬂle‘%ﬁﬁfm 981 900 r&hdkathe [REERdingd ﬁuﬁf‘Ot her
enbodi nent, the system 110 i nclude a proximty head docking

station tH3i4kad te PN ilﬁl(bﬁosuﬂlﬁawelaﬁgrﬁc@ mO8a cont grmexatef the flulich rrmrshusan

ond e he. i Paethe fuilsfedRa 1 T8 TP 4 R i Toginen Fo e 466 B e hied ©"
Agai n,10i f 106lad IRewaied Qur@icelthe MAHE mdved d8Risé 8 Jvan su{%%céﬂm%%%es@ablé)m arm

with one proximty head nay be utilized. [0077] Figure 11A illustrates a
proxi m t y chetellabbsmpendrorim ang ﬁanhndiremt,pﬂmdhsé mfgusc% lb@mmbeodeﬁmd by a

accordance_w nmbodi,ment the present _i.nv roxigm.t

noad 106 coRaH e PRRHER Ao A 6 T PRER e d S o Pyt ke dasing)
surface 1Q8af@fd nfhRonel pg kb B L ANABRE sHBE MBLEGIR REEREREnARETBA! ON.

It should be appreciated th depending on the type of fluid applied to

t he wafer nmer tshapd, land/dr p‘etmrscomhelﬁg@lr@emhﬂaﬂw styrce betlgs d204rand sheed 106
on thg e¥t§§ ace 108a may be any suitable wafer 20 processing operation
such g Q cl eaning, rinsing, drying, etching, plating, etc. It

shoul d be ﬂm]%'@ﬁﬁﬂmt gy LSRN Fiky oD PR vAORAI™ AR OVREuH! ihd 3 O

process the bottom surface 108b of the wafer 108. 'I'n oné enbodi ment, the
waf er 108 pregebsing dluat exhy be used depending on the type of fluid meniscus desired to be

generated. In yet another embodiment, depending on the distance between the proximity
head 106 and the wafer surface, the IPA/N; may be omitted when generating and utilizing
20 the fluid meniscus 116. In such an embodiment, the proximity head 106 may not include
the source inlet 1312 and therefore only the application of the processing fluid 1314 by
the source inlet 1306 and the removal of the processing fluid 1314 by the source outlet
1304 generates the fluid meniscus 116.
[0081] In other embodiments of the proximity head 106, the processing surface of the
25  proximity head 106 (the region of the proximity head where the source inlets and source
outlets are located) may have any suitable topography depending on the configuration of
the fluid meniscus to be generated. In one embodiment, the processing surface of the
proximity head may be either indented or may protrude from the surrounding surface.
[0082] Figure 11B shows a top view of a portion of a proximity head 106 in accordance
30  with one embodiment of the present invention. It should be appreciated that the

configuration of the proximity head 106 as described in reference to Figure §B is




so the proximty head 106 may be noved while fluid nmeniscus processes the
top surface 108a. |In another enbodi nent, the wafer 108 nay be held still
while the proximty head 25 106 generates the fluid meniscus on the wafer
surface. Then the proximty head may nove or scan over the wafer surface
and therefore nove the fluid nmeniscus &7ng the surface of the wafer. In
yet anot her enbodi nent, the proximty head 106 nay be made |arge enough so

the fluidRERpREIE RNGENTASEES o ! dtBerSddhfias@tiafes @bxihlie 1RAld ey behflized N
such an enbodi nent, by applying the flurd nmeniscus to the surface of the

waf er t he tegengraic tBolyid mewiecustastlprg smtherrroesysibe flvrdbemsrapplicd ko atwaferv ement
of the praxidnty head. 0Q78 n_one enbodi nent, th oximty head 106
i ncl u_des s 3{1%&%}% R eig@%‘ g}?d&i%b%]_ﬂ?ae?ﬁgo §e§%ﬁttecaest8tﬂ}9 ﬁ]&% f?ﬁiff"u%/?fl gltfch an
embodi NMeNntwafbiSRPRERNYIn MIRRIAOLs ¥idhREed dbobé IJIRGSMbBaiment 4y e ploddRitiayadoe

applied to the wafer surface through a source inlet 1302, vacuum 1312 may

be appPi ed0psiotrios howst torhage tHezowree rloulgH tavkaouthe progimite heati3l@4, is aonfigared
processin 5 flui.d 1314 may be. | i ed waf er surface through a
source i nﬁ%tgelleﬁﬁ%fthe[%ﬂ%ﬁen%s_ usoﬂggﬁﬁﬁﬁ%ﬁeﬁkﬁizhfghe appl i cation of the |PA/ N2
1310 and tihesRReRs®HbREew bbfe ehBddimen, & 11D ridht e P iHeablirp ikt t he

vacuum 1312 to renove the processing fluid 1314 and the PA/N2 1310 from
t he waf er 1S502fza8d ofOBaswuee getetrld4 a st of Ithd sbumemindat US06,14 st o lee $dunded

i 11 be a fluyi defi b th imty head 10 106
T tho- v Srt Tihe ged a s bt YGleod et Citer USSR o, Rl b Prossinen o
st abl qoanGhe@RR e k&l HRIMAE fegibbARBPHR QbR 1hei£ch ?(]gé biH @l RIS QNS 116

may be defined by a "constant application and renbval of the processing
flui d 1314he Véraum windveatherNdBA midhthe proeessihgicbemistty sbng viftcampftuideilany

sui tabl e shape and/ or si dependi ng_on the, size, nunber, sh , and/ or
pattern ofan&ﬁé C%‘ﬂﬁl‘?ﬁ’@n Sﬁﬁagt“%a 188 © %r%%tgrolﬁ%' éﬁbe SpYsA 1BiAlS 138@&@%3‘“‘{@?
inlets 13 I ry i I :

inlets 13Qglets[1308! o dttﬂe asletd bis mﬁf(%kﬂrgb%ﬁélsregﬂ %y 5.%5 ?\% aﬁff aﬁ1ﬁ%levtﬁ'ﬁ<!{'

| PA/ N2, vacuum an he processing ul e use ependi ng o e type
of fluid rgepinseysudiesiforckampld) eircianmpreaingdtriahgle ppeniag et hae opedinglichenin

SeDengn0 B RS R s gl e B Sk VOB BRI
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pr ocessi nguftihie dize¢3dhmppyand/or configuration depending on the size and shape of the fluid
meniscus 116 desired to generated. In one embodiment, the proximity head may extend
less than a radius of the wafer. In another embodiment, the proximity head may be
20 extend more than the radius of the wafer. In another embodiment, the proximity head
may extend greater than a diameter of the wafer. Therefore, the size of the fluid meniscus
may be any suitable size depending on the size of a wafer surface area desired to be
processed at any given time. In addition, it should be appreciated that the proximity head
106 may be positioned in any suitable orientation depending on the wafer processing
25  operation such as, for example, horizontally, vertically, or any other suitable position in
between. The proximity head 106 may also be incorporated into a wafer processing
system where one or more types of wafer processing operations may be conducted.
[0084] Figure 11C illustrates an inlets/outlets pattern of a proximity head 106 in
accordance with one embodiment of the present invention. In this embodiment, the

30  proximity head 106 includes the source inlets 1302 and 1306 as well as source outlets




the source inlet 1306 and the renoval of the processing fluid 1314 by the
source outlet 1304 generates the fluid neniscus 116. [0081] In other

enbodi ments of the proximty head 106, the processing surface of the 25
proximty head 106 (the region of the proximty head where the source
inlets and source outlets are |ocated)28mmy have any suitabl e topography
dependi ng on the configuration of the fluid nmeniscus to be generated. In
one enbodi k@At Intohe epibodessi, e seurtacetlad 1 3tvemap emxoundttiic baadce imdats b0 t her
i ndented or may protrude fromthe surrounding surface. [0082] Figure 11B
shows a t Fdviespuste inlefol 302 sraysrrguegd teispimey opgs 136 i n accor dance 30 with
one enbodi 2 i | e i t the
confi gur at[iﬁgéﬁg]ofﬁgl%llﬁgﬁ ;])er E)lgll% %Qt{ei aﬁ?étglgrt %@s/géﬁ%i?%t‘rﬂ%rgeog i ﬁl%?{erﬁ%: Z’%ag&gléé; i gure

8B is 27 exesqhmseywith onat eifisodichbgir 6f teepresdnhefiveadoi.i gur il eBodifncht, @kd M ty
heads nmay be utiljzed to generate the fluid neniscus as |ong as the
processi ngdrP¥Y kead 196 inplpfesce suige ipletsr 1302 (andal 396 asdvelk ap Sarcs petiats he

waf er surf t L ui i scus on.t waf er ,sur e. In
o L o 1309, 1R oHE Al ShE Bnfed Liidle TR REY Sl e sOBESmARIAASE 06
do not havaditioe ftave ihlees S00ME dt Mdagf pak@AE sveind {he seieX baiidy 1 fumad 106 is

configured toquenerat e the fluid nmeniscus without usage of N2/1PA. [0083]
In the tod008QligreddE Blypieriesre darther inletsiautiptstpatteingt a araximity dieabi 06 fre

source inl . t of the source outlet 1304, et of t.he source
i nl et 13063,%E(gdég(:t%2vg%tﬁt(§% %ngtﬂordﬁ:rggmo% Fhé:t PLFS, MVEHO s]g‘tt © ﬁ%&%ﬁ‘fg inlet

1302. 1Therebontty tadND6| iRAuaadihprseaesShikG 1H2CHAN DEr A WEIE aé BRMES 86k1dHT O
t he regi on _between the é)roxi mty head 106 and the wafer 108, the vacuum

removes t HeOfp/n pae smgodiment tlctsseaneptistreA04tmay surengd Whe $puageyinfetaul 6f i | m

d/ ' . 1 hat i t f 08. Th i nl et
1502 ¢ o Th e eRBoSimaP i Bbadiiny A& e s 8R! BhpdesuniSBitaotE visdiroher i n
may al so hif ceyenshidiabite tHeypexidlity BRATEIG ¥ cia?@lﬁle%?f deRbraBX@ AR Bd rfdnietd ar

openi ng, triangle opening, square opening, c. In 15 one enbodi nent, the
sour ce i n'éithoul Fppligatien1 80EP ARG t He showdcle enpresiated 1864 thrawbove dewdbed

openi [gs. : ppreciated .that the, proxi mt. ead 106 e any
sui tag?e sllhltzetes?&(sa%{asgjg?t%?%ci‘? %eréncpr%?’nlydﬂrn ﬁﬁ'ﬁ:%ﬁmhg'ﬁg'ﬁ%ﬁ %%BP?W nggggéﬁtge%hape
of the fl adernsBitydIeusedddiodesd 4 Gdble And 8ARFMaBR.- i nRARCE AN FoMratel he
proximty head may extend |ess than a radius of the wafer. In another

enbodi mentl008HeWpHoxivg taverdion ay been described in terms of several preferred
embodiments, it will be appreciated that those skilled in the art upon reading the
preceding specifications and studying the drawings will realize vaﬁous alterations,
20 additions, permutations and equivalents thereof. It is therefore intended that the present
invention includes all such alterations, additions, permutations, and equivalents as fall

within the true spirit and scope of the invention.

[0088] What is claimed is:




20 extend nore than the radius of the wafer. In another enbodinent, the
proximty head may extend greater than a dianmeter of the wafer. Therefore,
the size of the fluid nmeniscus nay be any suitable size depending on the
size of a wafer surface area desired to be processed at any given tine. In
addition, it should be appreciated thap the proximty head 106 may be
positioned in any suitable orientation depending on the wafer processing 25
operation such as, for exanple, horizam@lly, vertically, or any other
suitable position in between. The proxrmty head 106 nay al so be

i ncorporated inpto ' e .one or nore types of

waf er processi 2'9 og%iﬁggh?’ggglﬁ%%%%}éggg%‘%ﬁ%%’e%&%é’l} Figure 11C illustrates
an inlets/outl | | T P gﬁﬂ%ﬂwith one
enbodi nent of gt%hirapr %sg{rlllta 1%62%?%%#%}0%‘}1%%@&3%@1&fprlé(rll?a?&%e proximty
head 106 fiuid nedizsus the generades including, 1302 and 1306 as wel | as source outlets
28 1304. In one enbodi nent, the source outlets 1304 nay surround the source
inlet$ 1306 and t heovdngs headiinpaixsmit3dthaeyrfwey round the source outlets
1304. [0085] Figure 1IDillustrates another inlets/outlets pattern of a
proximty head 106 applyirgcciuidfinaetheihtdd tonie spfacetivhidanthe bitad i3én proxieiny

i nvention. In tthi S tg:}HbocL%rnent, the 5 proximty head 106 i ncl udes the
source i P &iesSuitgepotifg substiate i defineitheduiddajes@ndut | ets 1304. In one

enbodi ment, the source outlets 1304 may surround the source inlets 1306

and the source inl é‘?@o‘i@éﬂ“’ﬁi}vd éf’ml the 8irfaes through the proximitnheadiy ssour ce
outlets 1304ym{0086] Figure 1 1E illustrates a further inlets/outlets
pattern of a proximty head 106 in accordance with one enbodi ment of the

presept i nventyoiein ik filla zrag%%ggg%uﬂ& g.ger el h 3 f8ali ¥nd ﬁr%%&l}&ﬁ;‘é gﬁLUdes

t he source inlets 1302 an source outlets

enbodi mert a velveity that mereastslas tie head®k imalosayproxinnitst té te sarfhicece i nl et s 1306.
I n one enbodi nent, the proximty head 106 does not include source inlets
1302 because, in one enbodinment, the proximty head 106 is capabl e of
generating a fluid nmeniscus w thout application of IPA/N2. It should be
appreci ated tHat thenmewddormecssiingd siiistriatel as raxitedi i elhisn pavhezein shestiead

exenplary. in nature and that suitaple type of inlets/outlets atterns
may ml;e uﬁéh&&@% tgémamél% é‘Eﬂa %%ahgd%mr@u% gﬁtaécq fusing tﬁ%ﬁ@@&%ﬁ@&@éﬁ be
genenat edne ALRABAE, dhevdibie) it B4RRL 9 Bnl8s aRPAD dipsgL i bed T terms of

several preferred enbodi nents, appreci ated that those skilled
in the art upon reading the -
3. A method for processing a substrate as recited in ¢laim 2, wherein the fluid

has a flow rate of between about 50ml/sec to about 500 ml/sec.

20 4, A method for processing a substrate as recited in claim 1, wherein the fluid
meniscus conducts one of an etching operation, cleaning operation, plating operation, or a

drying operation.

5. A method for processing a substrate as recited in claim 1, wherein
25  generating the fluid layer includes applying the fluid to the surface of the substrate

through a fluid inlet and removing the fluid from the surface of the substrate through a
fluid outlet.




precedi ng specifications and studying the drawings will realize various
alterations, 20 additions, pernutations and equivalents thereof. It is
therefore intended that the present invention includes all such
alterations, additions, pernutations, and equivalents as fall wthin the
true spirit and scope of the inventiong [0088] What is clained is: 5 29
CLAIMS 1. A nethod for processing a substrate, conprising: generating a
fluid layer onga s et}
It d mon scust t nek Gasd 3 iSSP 2 bt LBk W by S bAMRLE,
surface; iappd qﬂang:tc&uﬁg Dhidl, iplﬁmgﬁmﬁdlwémﬁﬁg fliie, c&wﬂrﬁﬁr@ﬁ/\hﬂ e the head is in
proximty to the surface of the substrate to define the fluid | ayer; and
renoving the fluid fromthe surface through the proximty head by a vacuum
10 wherein the fluid travels along the fluid |ayer between the head and the
substrate at &.vel ochdefhotifat processing s esbsaatetah eecitedith dlsini 1 whepsdier proximty
to the surface. 2. A nethad for proceSS|n a substrate as recited. in claim
1, wher o B PR B i leyesanelidss EBIoPE gertepsionsisducing fluiddoedfiwid ons i n
dlstanceggaL§ ng the generating of 15 the fluid ayer, and the velocity is
bet ween sec and 200 cmsec. 3. A nethod for processing a substrate as
recited in claim2, wherein the fluid has a flow rate of between about
50m /sec to about 500 m/sec. 20 4. A nethod for processing a substrate as
recited in clgml, %ﬁ{oﬁ'f& Oﬁr@@es{,lhghgubsﬁﬁﬂ%'aégééﬁe&fﬂ”'éi&iﬁ%§ eifff an etching
operati on, cleanlng oper at | operation, or a ‘dryi ng operation.
5. A et hemofing ther thad disdludgs ap}ﬂyahgtheataeutaﬁ threggH thel fluld attlet.m 1, wherein 25
generating the fluid layer includes applying the fluid to the surface of
the dlbstrate through a fluid inlet and renoving the fluid fromthe surface
of the substrate through a fluid outlet.

9. An apparatus for processing a subsirate, comprising:

a head capable of moving in proximity to a surface of the substrate and generating

a fluid layer on the surface of the substrate to define a fluid meniscus, the proximity head

including,
15 at least one inlet configured to apply a fluid to the surface of the substrate
to define the fluid layer,
at least one outlet configured to remove the fluid from the surface of the
substrate;

wherein the head is capable of moving the fluid along the fluid layer between the
20  head and the substrate at a velocity that increases as the head is in closer proximity to the

surface,

10.  An apparatus for processing a substrate as recited in claim 9, wherein the

head is configured to move to between about 5 microns and about 500 microns in

25  distance from the surface in operation.




30 6. A nmethod for processing a substrate as recited in claim5, wherein
the fluid is one of an etching fluid, a plating fluid, a cleaning fluid, or
arinsing fluid. 7. A method for processing a substrate as recited in claim
1, wherein 5 generating the fluid |layer includes applying a surface tension
reducing fluid to the fluid neniscus.38. A nethod for processing a
substrate as recited in claim5, wherein renoving the fluid includes

appl ying the vacuumthrough the fluid outlet. 10 .15.9.. An_ apparat.us,for

¥ bcesaing a sUbst raD APPEBHYIT ST RS RS FBTIFAGR 0 P U RS gRki m ty
to a surfpeepMe sPphk EALRI Bk GPMAES Ald MBy rafe S vshbkdnayBit W miRgteur f ace
of the substrate t0 define a fluid neniscus, the proximty head i ncluding,
at | east dhout #¥0snl/seonfi gured to apply a fluid to the surface of the
substrate to define the fluid |ayer, at |east one outlet configured to
renove the fluid fromthe surface of the substrate; wherein the head is
capabl e of noving the fluid along the fluid | ayer between the 20 head and
the substrate . a Ankppiratys fonprocessirgsasibsiras as iecitdddndlain 9, whereostbe
proximty,tq the surface. 10. An .apparatus for .processin substrate as
Peci ted 1 UGy SORBFEPRE Of ArEiECh e PGB PR ROBERS bet ween
about 5 Mgy, aldehWper@Bnm crons in 25 distance fromthe surface in
operation. 31 11. An apparatus for processing a substrate as recited in
claim9, wherein head is capable of applying the fluid to the surface at a
flow rate of between about 50 mlsec to about 4000 mi/sec. 5 12. An

appar atus for ppRocessapghratus iR pidceisthgdSsubsiedtd @ﬁcbi&dqh%lla'i&@g whbgheud) the

fluid meni scus conducts one of an etching operation, cleaning operation,
pl ati Hb outlet applies vacuum to remove the fluid from the surface.

14.  An apparatus for processing a substrate as recited in claim 9, wherein the
head is capable of moving the fluid along the surface of the substrate from the inlet to the

outlet with a velocity of between 10 cm/sec and 100 cm/sec.

15
15.  An apparatus for processing a substrate as recited in claim 9, wherein the

fluid layer includes one of an etching fluid, a plating fluid, a cleaning fluid, or a rinsing
fluid.

20 16. An apparatus for processing a substrate as recited in claim 9, further
comprising, |

an additional inlet capable of applying a surface tension reducing fluid to a border

of the fluid meniscus.

25 17. An apparatus for processing a substrate as recited in claim 9, wherein the

surface tension reducing fluid is an isopropy! alcohol vapor in nitrogen gas.

18. A substrate preparation system, comprising:




operation, or a drying operation. 13. An apparatus for processing a
substrate as recited in claim9 wherein the 10 outlet applies vacuumto
renove the fluid fromthe surface. 14. An apparatus for processing a
substrate as recited in claim9, wherein the head is capable of noving the
fluid along the surface of the substrage fromthe inlet to the outlet with
a velocity of between 10 cm sec and 100 cmsec. 15 15. An apparatus for
processing a s I [ . wher [ er

i ncludes one o H%IEI:{ He%ﬁnigm?aﬁaﬁlg I%Elbglggé& B’I%g?ﬁl ﬁ?é’%%‘?lm@ ae%dﬁgfrge{gﬁ}ntr%&f‘ﬁﬁln , or
rinsing dgewitidn; 20 16. An apparatus for processing a substrate as recited
inclaim9, further conprising, an additional inlet capable of applying a
surface tensi onfifseedtRiuidor detivétidgOs AuiB S SR fsubsdateldiffadd tidhgABIY IRG8Snd25 17.
An apparatus for processing a substrate as recited in claim9, wherein the
surface tension reducing. fluid is an isopropyl alcohol vapgr jn nitrogen
gas. 18. A sub%%qca?icqs&d@ﬁé?rarﬁmewng&q fropv i sulishigte sugface, the bk o ng

capablg of ﬁ'{gfhgﬂ i i.m e BoinS rate surface when in

oper atsieon;'onllzjll Hs@g nﬁ%‘{%{me?rﬁb%}eal&%/er|€11él°:abg'fsdlrtlt§?;d to the substrate surface
through the hegg. .4 : j & o ARV i t he
substrate surfafg%r,e {Lﬂ%ﬁ?ﬁﬁﬁﬁg&ggﬁﬁ g‘r{iljrrgl é\%&ggyﬂr ul dgf%ngg%b&gv%?%ﬂ%{bétu strate
surface isurfapeatat vadovitywle iirgnstdes the head 18 maleksprakiamigy tohke §ubsirsle | ayer

bet ween the_head and the substrate surface at a velocity that increases as
the head f%f%% closer proximity to the substrate surface. 10 19. A
substrate preparation systemas recited in claim 18, wherein the head is
configured to nove to between about 5 microns and about 500 microns in

di stance fromjhe substrate surface in operation. 20. A substrate

preparhtion syStem aSubsiaie RIgparaHon) systam A8 reciipd ingglaim He wissrin fhe

head is configured to move to between about 5 microns and about 500 microns in

distance from the substrate surface in operation.

20. A substrate preparation system as recited in claim 18, wherein the head is

15 capable of applying the fluid at a flow rate of between about 10 cm/sec to about 100

cr/sec.,

21. A substrate preparation system as recited in claim 18, wherein the fluid
layer conducts one of an etching operation, cleaning operation, plating operation, or a

20  drying operation.

22. A substrate preparation system as recited in claim 18 wherein the second

conduit applies vacuum to remove the fluid from the substrate surface.

25 23. A substrate preparation system as recited in claim 18, wherein the fluid is

one of an etching fluid, a plating fluid, a cleaning fluid, or a rinsing fluid.

24. A substrate preparation system as recited in claim 18, further comprising,




15 capabl e of applying the fluid at a flow rate of between about 10 cm sec
to about 100 cmsec. 21. A substrate preparation systemas recited in
claim 18, wherein the fluid I|ayer conducts one of an etching operation,

cl eani ng operation, plating operation, or a 20 drying operation. 22. A
substrate preparation systemas recitgd in claim218 wherein the second
conduit applies vacuumto remove the fluid fromthe substrate surface. 25
23. A substrat t I e |n t he
fiuid s ono BARafRahierGrrlEbE Mgk S5 KGR rirtich Pt REE) i oo
rinsing fdubstehte Adfacd substrate preparatlon systemas recited in claiml18,
further conprising, 33 an additional inlet capable of applying a surface
tension reducing fluid to the substrate surface. 25. A substrate
preparation systemas recited in claim?24, wherein the surface 5 tension

reducing flui s.s asiisaRE@Paratios @Mdm YSfReited iRt cliiinr2ag @he@hsthe surface

5  tension reducing fluid is an isopropyl alcohol vapor in nitrogen gas.




