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METHODS AND SYSTEMS FOR PROCESSING A SUBSTRATE

USING A DYNAMIC LIQUID MENISCUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

[1] The present invention relates generally to semiconductor manufacturing processes,
and more particularly, to methods and systems for efficiently applying a process to an edge of

a substrate.

2. Description of the Related Art

[2] In the semiconductor chip fabrication process, it is well known that there is a need to
clean and dry a wafer 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 holder that pushes a wafer surface against a polishing surface.
The polishing surface uses a slurry which consists of chemicals and abrasive materials to
cause the polishing. Unfortunately, the CMP process tends 1o 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 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
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contaminants being left on the wafer surface.

{4] The most prevalent drying technique used today is spin rinse drying (SRD). Figure 1
illustrates movement of cleaning fluids on a wafer 10 during an SRD drying process. In this
drying process, a wet wafer is rotated at a high rate by rotation 14. In SRD, by use of
centrifugal force, the water or cleaning fluid used to clean the wafer is pulled from the center
of the wafer to the outside of the wafer and finally off of the wafer as shown by fluid
directional arrows 16. As the cleaning fluid is being pulled off of the wafer, a moving
liquid/gas interface 12 is created at the center of the wafer and moves to the outside of the
wafer (i.e., the circle produced by the moving liquid/gas interface 12 gets larger) as the
drying process progresses. In the example of Figure 1, 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 cleaning 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

decreases. As stated previously, if the moving liquid/gas interface 12 breaks down, droplets
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SUMMARY OF THE INVENTION

[7] Broadly speaking, the present invention fills these needs by providing a system and
method for processing surfaces and edges of a wafer. It should be appreciated that the

present invention can be implemented in numerous ways, including as a process, an



[ 7] Broadly speaking, the present invention fills these needs by providing
a system and nethod for processing surfaces and edges of a wafer. It should
be appreciated that the present invention can be inplenented in numerous
ways, including as a process, an 4 apparatus, a system conputer readable
medi a, or a device. Several inventived4enbodi nents of the present invention
are descri bed below. [8] One enbodi nent provides a nethod of processing an
edge of a substrate. The nethod including supporting the substrate by an
edge roller. The edge roller including a proximty head. A neniscus is
formed i nside a concave portion of the proximty head. The concave portion
bei ng egpedLE aGhsteRceiMpiter @bddbRagkdia, Rl ddvive. Seval indgrivelfenitodirsnast r at e
and the neniscus is noved onto the edge of the substrate. [9] The nethod
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substr @fo%’mg the meniscus onto the edge of the substrate can include rotating the proximity head
about an axis of the proximity head. Moving the meniscus onto the edge of the substrate can
also include moving the meniscus relative to the edge of the substrate. Moving the meniscus

can also include increasing the size of the meniscus.

[10] The edge of the substrate can include a circumferential edge of the subsirate and the
meniscus encompasses at least a portion of the circumference of the substrate. The meniscus
can encompass the edge of the substrate within the portion of the circumference of the
substrate. The meniscus can encompass at feast one of a top surface edge exclusion zone and
a bottom surface edge exclusion zone. The method can also include moving the meniscus

along the edge of the substrate.

[11]  Another embodiment provides a system for processing an edge of a substrate. The
system includes an edge roller and a first proximity head. The first proximity head being
mounted on the edge roller. The first proximity head capable of forming a meniscus and
including a concave portion and multiple ports opening into the concave portion. The
concave portion being capable of receiving an edge of a substrate and the ports including at
least one process liquid injection port, at least one vacuum port and at least one surface

tension control port

[12] The edge of the substrate can include a circumnferential edge of the substrate and the
first proximity head is capable of forming a meniscus capable of covering at least a portion

of the circumference of the substrate. The edge roller can be mounted on a first axis and the



[ 11] Anot her enbodi ment provides a systemfor processing an edge of a
substrate. The systemincludes an edge roller and a first proximty head.
The first proximty head being nounted on the edge roller. The first
proximty head capable of form ng a neniscus and including a concave
portion and nultiple ports opening info the concave portion. The concave
portion being capabl e of receiving an edge of a substrate and the ports
including at | east one process liquid injection port, at |east one vacuum
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bei ng rotated i ndependently fromthe first axis.
concave portion is capable of receiving an edge of a substrate. The first proximity head also
includes multiple ports opening into the concave portion. The ports include at least one
process liquid injection port, at least one vacuum port, and at least one surface tension
control port. The system also includes an actuator coupled to the second axis. The actuator

capable of moving the second axis the axis capable of being rotated independently from the

first axis.

[15] One embodiment includes a method of moving a meniscus from a first surface to a
second surface includes forming a meniscus between a head and a first surface. The
meniscus can be moved from the first surface to an adjacent second surface, the adjacent
second surface being parallel to the first surface. Moving the meniscus parallel to the first
surface to the adjacent second surface can include moving the meniscus such that a first

portion of the meniscus is supported between a first portion of the head and the first surface



[ 15] One enbodi nent includes a nmethod of noving a nmeniscus froma first
surface to a second surface includes formng a neni scus between a head and
a first surface. The meni scus can be noved fromthe first surface to an
adj acent second surface, the adjacent second surface being parallel to the
first surface. Moving the meniscus pabPallel to the first surface to the
adj acent second surface can include noving the neniscus such that a first
portion of the meniscus is supported between a first portion of the head
and the first surface 6 and a second portion of the nmeniscus is supported
bet ween a second portion of the head and a second surface. [16] The
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surfacésgﬁﬁgﬁﬁaﬁﬁhlly renoves a liquid that forns the nmeniscus fromthe
second surface. The neniscus can also be allowed to rupture (e.g., burst)
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appl ying a vacuum from a second port in the head. [18] The first surface
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pl atform can surround at |east a portion of the substrate. The head can be
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surface can also include injecting a selected liquid from a first port in the head and applying a

vacuum from a second port in the head.

[18] The first surface can be an edge platform and the second surface can be a substrate.
The edge platform can surround at least a portion of the substrate. The head can be wider
than a radius of the substrate. Alternatively, the head can be wider than a full diameter of the

substrate.

[19] The second surface can be separated from the first surface by a gap. The second
surface can also be moved relative to the first surface. The second surface can be rotated
relative to the first surface. A material of at least one of the first surface, the second surface

and the head can be selected to optimize a surface tension gradient.

[20] Another embodiment includes system for moving a meniscus from a first surface to a
second surface and includes a first surface and a second surface that is substantially co-planar
with the first surface. A movable head is also included. The head can be moved in a first
direction substantially perpendicular toward the first surface and the second surface and also
can be moved in a second direction substantially parallel to the first surface and the second

surface.

[21] The first surface can include an edge platform and the second surface can be a

substrate. The edge platform can also substantially surround the substrate. The head can be



[ 19] The second surface can be separated fromthe first surface by a gap.
The second surface can al so be noved relative to the first surface. The
second surface can be rotated relative to the first surface. A material of
at | east one of the first surface, the second surface and the head can be
selected to optimze a surface tensioh gradient. [20] Another enbodi nent

I ncl udes system for noving a neniscus froma first surface to a second
surface and includes a first surface and a second surface that is
substantially co-planar with the first surface. A novable head is al so

I ncluded. The head can be noved in a first direction substantially
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and t hthesgb®rde-surface. [21] The first surface can include an edge
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second surface and the head can be selected to optim ze a surface tension

gradi e®3] Another embodiment includes a method of optimizing surface tension gradient that
includes selecting a first material for a first surface, selecting a second material for a second
surface, the first material having a different hydrophilic property than the second material,
and forming a meniscus between the first surface and the second surface. The first surface
can be a head and the second surface can be a substrate. A third material can be selected for
a third surface, the third surface having a different hydrophilic property than at least one of

the first surface and the second surface. The third surface can be an edge platform.

[24]  Another embodiment includes a system having an optimized surface tension gradient.
The system includes a first surface that includes a first material, a second surface that
includes a second material. The first material having a different hydrophilic property than
the second material, the first surface being substantially parallel and proximate to the second
surface. The first surface can be a head. The second surface can be a substrate. A third
surface can also be included. The third surface can include a third material. The third
surface can have a different hydrophilic property than at least one of the first surface and the

second surface. The third surface can be an edge platform.

[25] Another embodiment includes a method of processing an edge of a substrate. The
method can include forming a meniscus inside a concave portion of a head. The concave
portion being capable of receiving at least a portion of an edge of the substrate. The
meniscus can be moved onto the edge of the substrate such that a leading edge of the
meniscus is split into a first leading edge and a second leading edge. The first leading edge
can be supported between a top surface of the substrate and corresponding top inside surface
of the head. The second leading edge can be supported between a bottom surface of the

substrate and corresponding bottom inside surface of the head.



[ 23] Anot her enbodi nent includes a nethod of optim zing surface tension
gradient that includes selecting a first material for a first surface,
selecting a second material for a second surface, the first nmaterial having
a different hydrophilic property than the second nmaterial, and formng a
meni scus between the first surface anl the second surface. The first
surface can be a head and the second surface can be a substrate. A third
material can be selected for a third surface, the third surface having a
different hydrophilic property than at |east one of the first surface and

t he second surface. The third surface can be an edge platform [24]
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shaped head can be formed in an arc around at least a portion of the circumference of the

substrate.

{30] The various embodiments of the present invention provide the advantage of moving
an intact meniscus from a first surface (i.e., an edge platform) to a second surface (e.g., a
substrate, a wafer). The intact meniscus can also be moved off of the second surface to the
first surface and then the meniscus can be allowed to burst or be disabled. Disabling the
meniscus off of the second surface ensures that the bursting meniscus will not leave droplets

of the liquids that form the meniscus on the second surface.

[31]  Another advantage is that an edge of the substrate can be processed (e.g., cleaned,
etched) through use of an edge-shaped head that can support a meniscus around the edge of

the substrate.



[ 28] The neniscus can extend a different distance along the top inside
surface of the head than along the bottominside surface of the head. The
edge of the substrate can nove relative to the head such that the neniscus
is noved al ong the edge of the substrate [29] Another enbodi nent includes
a system for processing an edge of a Substrate. The systemincludes a head.
The head includes a concave portion capable of receiving an edge of a
substrate. The concave portion also includes nultiple ports including a
process liquid injection port, two or nore vacuum ports, and at |east one
surface tension control port. The edge of the substrate can also include a
ci r cunjgrients ahotR&GRvAItadd) heSHRASHAIAbEIRMEad RAgApLtBAAPAM siBathtCadm the formed
in an arc around at |east a portion of the circunference of the substrate.
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illustrating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[35] The present invention will be readily understood by the following detailed description
in conjunction with the accompanying drawings, and like reference numerals designate like

structural elements.

[36] Figure 1 illustrates movement of cleaning fluids on a wafer during an SRD drying

Process.

{371 Figure 2A shows a wafer processing system in accordance with one embodiment of

the present invention.

{38] Figure 2B shows an alternate view of the wafer processing system in accordance with

one embodiment of present invention.

[39] Figure 2C illustrates a side close-up view of the wafer processing system holding a

wafer in accordance with one embodiment of the present invention.

[40] Figure 2D shows another side close-up view of the wafer processing system in

accordance with one embodiment of the present invention.

[41] Figure 3A shows a top view illustrating the wafer processing system with dual

proximity heads in accordance with one embodiment of the present invention.



[ 33] The various enbodi nents of the present invention provide the advantage
of processing an edge (e.g., cleaned, etched) of the substrate through use
of an edge-shaped head that can support a neniscus around the edge of the
substrate. [34] O her aspects and advantages of the invention will becone
apparent fromthe follow ng detailed Hescription, taken in conjunction with
t he acconpanying drawings, illustrating by way of exanple the principles of
the invention. BRI EF DESCRI PTI ON OF THE DRAWNGS [35] The present
invention will be readily understood by the follow ng detail ed description
I n conjunction with the acconpanyi ng drawi ngs, and |i ke reference nunerals
desi gngdX | Figirs 8B tidstratts asidRBew of the[@ﬁh;jﬁb&&l’sﬁgﬁbyétéﬂnw&tl{ &l praxemagent of
cleaning fluids on a wafer during an SRD drying process. [37] Figure 2A
shows Beagsfiepcoprdines withpns pabefimant gt demiessbienyfti?none enbodi nent of the
present invention. [38] Figure 2B shows an alternate view of the wafer
proces$dlg Fimreddishows e todaneel aiwdierprecasing distemn twhich jncledenmultipkent i on.

proximity heads for a particular surface of the wafer in accordance with one embodiment of

the present invention.

[44] Figure 4B shows a side view of the wafer processing system which includes multiple
proximity heads for a particular surface of the wafer in accordance with one embodiment of

the present invention.

[45] Figure 5A shows a top view of a wafer processing system with a proximity head in a
horizontal configuration which extends across a diameter of the wafer 108 in accordance

with one embodiment of the present invention.

f46] TFigure 5B shows a side view of a wafer processing system with the proximity heads
in a horizontal configuration which extends across a diameter of the wafer in accordance

with one embodiment of the present invention.

[47] TFigure 5C shows a wafer processing system in accordance with one embodiment of

the present invention.

{48] Figures SD-5F show side views of the wafer processing system as the proximity
heads move the meniscus from the surfaces of the wafer to the adjacent edge platform in

accordance with one embodiment of the present invention.

[49] Figure 5G shows a wafer processing system in accordance with one embodiment of

the present invention.

[50] Figure 5H shows a wafer processing system in accordance with one embodiment of

the present invention.

{51] Figure 5i is a flowchart diagram of the method operations of using a wafer cleaning

and drying systems in accordance with one embodiment of the present invention.

[S2] Figure 51 is a detailed cross-sectional view of the edge platform in accordance with

one embodiment of the present invention.



[39] Figure 2Cillustrates a side close-up view of the wafer processing
system hol ding a wafer in accordance with one enbodi nent of the present

i nvention. [40] Figure 2D shows another side close-up view of the wafer
processi ng systemin accordance with one enbodi nent of the present

invention. [41] Figure 3A shows a tdgd viewillustrating the wafer
processi ng systemw th dual proximty heads in accordance with one
enbodi ment of the present invention. 10 [42] Figure 3B illustrates a side

view of the wafer processing systemw th dual proximty heads in accordance
wi th one enbodi nent of the present invention. [43] Figure 4A shows a top
vi ew 0f533 Whighfe 61 ek@S8Sh PHxiilty Beadletbuildt obiufiagomtat tal ®e ptihxddiot y heads

for a particular surface of the wafer in accordance with one enbodi nent of
t he pres¥ning ¢y dhp Wafgr in accordance with one embodiment of the present invention.

{54] Figure 6B shows another proximity head inlet/outlet orientation that may be utilized

to clean and dry the wafer in accordance with one embodiment of the present invention.

[55] Figure 6C shows a further proximity head inlet/outlet orientation that may be utilized

to clean and dry the wafer in accordance with one embodiment of the present invention.

[56] Figure 6D illustrates a preferable embodiment of a wafer drying process that may be

conducted by a proximity head in accordance with one embodiment of the present invention.

[57] Figure 6E shows another wafer drying process using another source inlet/outlet
orientation that may be conducted by a proximity head in accordance with one embodiment

of the present invention.

[58] Figure 6F shows another source inlet and outlet orientation where an additional
source outlet may be utilized to input an additional fluid in accordance with one embodiment

of the present invention.

[39] Figure 7A illustrates a proximity head performing a drying operation in accordance

with one embodiment of the present invention.

[60] Figure 7B shows a top view of a portion of a proximity head in accordance with one

embodiment of the present invention.

[61] Figure 7C illustrates a proximity head with angled source inlets performing a drying

operation in accordance with one embodiment of the present invention.

[62] Figure 7D illustrates a proximity head with angled source inlets and angled source
outlets performing a drying operation in accordance with one embodiment of the present

invention.

[63] Tigure 8A illustrates a side view of the proximity heads for use in a dual wafer
surface cleaning and drying system in accordance with one embodiment of the present

invention.



[44] Figure 4B shows a side view of the wafer processing system which
includes multiple proximty heads for a particular surface of the wafer in
accordance with one enbodi mrent of the present invention. [45] Figure 5A
shows a top view of a wafer processing systemwi th a proximty head in a
hori zontal configuration which extend® across a dianeter of the wafer 108

i n accordance with one enbodi nent of the present invention. [46] Figure 5B
shows a side view of a wafer processing systemwith the proximty heads in
a horizontal configuration which extends across a dianeter of the wafer in
accordance wth one enbodi nent of the present invention. [47] Figure 5C

shows gsqnaf BiouRd O SRS NBe HYSE MY hBaddGh Alddaing erbilrihcd BRaGRB At aBidg of the
present invention. [48 i gures 5D-5F show side views of 'the wafer

pr ocessystenn yastendancs witle opg embedimenhefhie piessné inveatigeni scus from t he
surfaces of the wafer to the adjacent edge platformin accordance with one
enbodi @St Bigutd®A filissert aippesdingwindopdif]acéordance with sieomsbalimeriterf the
processi ng systemin accordance with one enbodi nent of the present

i nvent PEFERL IPYSPYOE] gure 5H shows a waf er processing systemin accordance

wi th one enbodi nrent of the present invention.
[66] Figure 9B illustrates a substantially circular processing window in accordance with

one embodiment of the present invention.

[67] Figure 10A shows an exemplary process window with the plurality of source inlets
and as well as the plurality of source outlets in accordance with one embodiment of the

present invention.

f68] Figure 10B shows processing regions of a proximity head in accordance with one

embodiment of the present invention.

[69] Figure 11A shows a top view of a proximity head with a substantially rectangular

shape in accordance with one embodiment of the present invention.

[70] Figure 11B illustrates a side view of the proximity head in accordance with one

embodiment of present invention.

[711 Figure 11C shows a rear view of the proximity head in accordance with one

embodiment of the present invention.

[72] Figure 12 shows a layout view of the edge processing system, in accordance with one

embodiment of the present invention.

[73] Figure 13 shows a side view of the edge processing system, in accordance with one

embodiment of the present invention.

[74] Figures 14 and 15 show a cutaway side view of the edge process proximity head in

accordance with one embodiment of the present invention.

[75] Figure 16 shows a 16-16 sectional view of edge process proximity head, in

accordance with one embodiment of the present invention.



[51] Figure Si is a flowhart diagramof the nmethod operations of using a
waf er cleaning and drying systens in accordance with one enbodi nent of the
present invention. [52] Figure 5J is a detailed cross-sectional view of
the edge platformin accordance with one enbodi nent of the present
invention. 11 [53] Figure 6A shows & proximty head inlet/outl et
orientation that may be utilized to clean and dry the wafer in accordance
wi th one enbodi nent of the present invention. [54] Figure 6B shows anot her
proximty head inlet/outlet orientation that may be utilized to clean and
dry the wafer in accordance with one enbodi nent of the present invention.

[ 55] Fmr eFffars hpms@atbd i NQinAR@subitiaye B8 Pridebeid SMicnetin @édoeddnaé | on t hat
may be utilized to clean and dry the wafer i n accordance with one

enmbodi withtone emblrdingang 9bihie presertinieniion.

{77] Figures 18A-18D are detailed views of the proximity head, in accordance with one or

more embodiments of the present invention.

[78] Figures 19A and 19B illustrate a side view of proximity head, in accordance with one

embodiment of the present invention.

[79] Figure 20 illustrates a sectional view of the proximity head and the edge roller, in

accordance with one embodiment of the present invention.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[80] Several exemplary embodiments for methods and apparatuses for processing (e.g.,
cleaning, rinsing, drying, etching) an edge of a wafer will now be described. 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 ofdinary
skill in the art, that the present invention may be practiced without some or all of these
specific details. In other instances, well known process operations have not been described

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

[81] While this invention has 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 various alterations, 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.

[82] Figures 2A through 2D below illustrate embodiments of an exemplary wafer
processing system. It should be appreciated that the system is exemplary, and that any other
suitable type of configuration that would enable movement of the proximity head(s) into
close proximity to the wafer may be utilized. 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. It should be appreciated that other embodiments may be utilized where the proximity



[56] Figure 6D illustrates a preferable enbodi nrent of a wafer drying
process that nmay be conducted by a proximty head in accordance with one
enbodi ment of the present invention. [57] Figure 6E shows anot her wafer
dryi ng process using another source inlet/outlet orientation that may be
conducted by a proximty head in accorddance with one enbodi nent of the
present invention. [58] Figure 6F shows another source inlet and outl et
orientation where an additional source outlet may be utilized to input an
additional fluid in accordance with one enbodi nent of the present

invention. [59] Figure 7A illustrates a proximty head performng a drying

oper at h&f(d)indeGa 2daReEaMibh freRforRHIE biBRtwBér thhRotRELSeRetricAMEBppRTte [ 60]
Figure 7B shows a top view of a portion of a proximty head in accordance

wi t h opdecerfishelvatemtorethar men-pinerenevanmnénmapbe utifigdisueh g fer ck@mpld, st r at es a
proximty . head wth .angl ed source inlet erfotinin dryi operation in
b cor A TG BLCiE A ARaHER ot SHRLTSReR R e AsreRmiBn 5 631 BPUt e 7D
|11 ust pabasodeRing %hitdbly spReadd Whddbnaneti R s 384FQSy d\lset. SmaRidicdndineshes our ce
outlets performng a drying operation in accordance with one enbodi nent of
t he prembodimientyémt waler may be rotated and the proximity head moved in a linear fashion so

the proximity head may process all portions of the wafer. It should also be understood that

other embodiments may be utilized where the wafer is not rotated but the proximity head is

configured to move over the wafer in a fashion that enables processing of all portions of the

wafer. In addition, the proximity head and the wafer processing system described herein may

be utilized to process any shape and size of substrates such as for example, 200 mm wafers,

300 mm wafers, flat panels, etc. The wafer processing system may be utilized for either or

both processing the wafer depending on the configuration of the system.

[83] Figure 2A shows a wafer processing system 100 in accordance with one embodiment
of the present invention. The systemn 100 includes rollers 102a, 102b, and 102¢ which may
hold and rotate a wafer to enable wafer surfaces to be dried. The system 100 also includes
proximity heads 106a and 106b that, in one embodiment, are attached to an upper arm 104a
and to a lower arm 104b respectively. The upper arm 104a and the lower arm 104b are part
of a proximity head carrier assembly 104 which enables substantially linear movement of the

proximity heads 106a and 106b along a radius of the wafer.

[84] In one embodiment the proximity head carrier assembly 104 is configured 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 104a and the
fower arm 104b 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 to the wafer. The upper arm 1042 and
the lower arm 104b 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 be appreciated
that the system 100 may be configured in any suitable manner as long as the proximity

head(s) may be moved in close proximity to the wafer to generate and control a meniscus as



[63] Figure 8Aillustrates a side view of the proximty heads for use in a
dual wafer surface cleaning and drying systemin accordance wth one
enbodi ment of the present invention. 12 [64] Figure 8B shows the
proximty heads in a dual wafer surface cleaning and drying systemin
accordance wi th one enbodi nent of thetSpresent invention. [65] Figure 9A
Illustrates a processing wi ndow i n accordance with one enbodi nent of the
present invention. [66] Figure 9B illustrates a substantially circular
processi ng wi ndow i n accordance with one enbodi nent of the present
invention. [67] Figure 10A shows an exenplary process w ndow wth the

pl ur al fisyusRéd BALW G rdfbefteStodigurds 6Mhlougs sBN @ shblildaldd be @fdef@dbidaRaout | et s
i n accordance with one enbodi nrent of the present invention.

close proximity may be any suitable distance from the wafer as long as a meniscus as

discussed in further reference to Figure 6D through 8B may be maintained. In one

embodiment, the proximity heads 106a and 106b (as well as any other proximity head

described herein) may each be moved to between about 0.1 mm to about 10 mm from the

wafer to initiate wafer processing operations. In a preferable embodiment, the proximity

heads 106a and 106b (as well as any other proximity head described herein) may each be

moved to between about 0.5 mm to about 4.5 mm from the wafer to initiate wafer processing

operations, and in more preferable embodiment, the proximity heads 106a and 106b (as well

as any other proximity head described herein) may be moved to about 2 mm from the wafer

to initiate wafer processing operations.

[85] Figure 2B shows an alternate view of the wafer processing system 100 in accordance
with one embodiment of present invention. The system 100, in one embodiment, has the
proximity head carrier assembly 104 that is confi gufed to enable the proximity heads 106a
and 106b to be moved from the center of the wafer towards the edge of the wafer. It should
be appreciated that the proximity head carrier assembly 104 may be movable in any suitabie
manner that would enable movement of the proximity heads 106a and 106b to process the
wafer as desired. In one embodiment, the proximity head carrier assembly 104 can be
motorized to move the proximity head 106a and 106b from the center of the wafer to the
edge of the wafer. It should be understood that although the wafer processing system 100 is
shown with the proximity heads 106a and 106b, that any suitable number of proximity heads
may be utilized such as, for example, 1, 2, 3, 4, 5, 6, etc. The proximity heads 106a and/or
106b of the wafer processing system 100 may also be any suitable size or shape as shown by,
for example, any of the proximity heads as described herein. The different configurations
described herein generate a fluid meniscus between the proximity head and the wafer. The
fluid meniscus may be moved across the wafer to process the wafer by applying fluid to the
wafer surface and removing the fluids from the surface. Therefore, the proximity heads 106a
and 106b can have any numerous types of configurations as shown herein or other

configurations that enable the processes described herein. It should also be appreciated that



[68] Figure 10B shows processing regions of a proximty head in accordance
with one enbodi nent of the present invention. [69] Figure 11A shows a top
view of a proximty head with a substantially rectangul ar shape in
accordance wi th one enbodi ment of the present invention. [70] Figure 11B
Illustrates a side view of the proxiniGy head in accordance with one
enbodi nent of present invention. [71] Figure 11C shows a rear view of the
proximty head in accordance with one enbodi nent of the present invention.
[72] Figure 12 shows a |ayout view of the edge processing system in
accordance with one enbodi nent of the present invention. [73] Figure 13

Shows  gheShS8mVIBMh A prob&s 8H8 SurPice G 8 WafeSHSidBiNhel tBp AGERE AN AR Biiloth one
enbodi menf of the present invention. [74] Figures 14 and 15 show a cut away

si de vewiacobf theevaddye process proximity head in accordance with one
enbodi nent of the present invention.
[86] In addition, besides processing both the top and bottom surfaces and of the wafer, the

system 100 may also be configured to process one side of the wafer and dry another side of
the wafer if desired by inputting and outputting different types of fluids. It should be
appreciated that the system 100 may utilize the application of different chemicals top and
bottom in the proximity heads 106a and 106b respectively depending on the operation
desired. The proximity heads can be configured to process the bevel edge of the wafer in
addition to processing the top and/or bottom of the wafer. This can be accomplished by
moving the meniscus off the edge the wafer which processes (e.g., cleans, rinses, dries, etc.)
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.

[871 Figure 2C illustrates a side close-up view of the wafer processing system 100 holding
a wafer 108 in accordance with one embodiment of the present invention. The wafer 108
may be held and rotated by the rollers 102a, 102b, and 102c in any suitable orientation as
fong 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 rotler 102b may be rotated
by using a spindle 111, and the roller 102¢ may be held and rotated by a roller arm 109. The
roller 102a may also be rotated by its own spindle (as shown in Figure 3B. In one
embodiment, the rollers 102a, 102b, and 102¢ 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
desired. In one embodiment, the rotation imparted on the wafer [08 by the roliers 102a,
102b, and 102c serves to move a wafer area that has not been processed into close proximity
to the proximity heads 106a and 106b. In an exemplary drying operation, the wet areas of the
wafer would be presented to the proximity heads 106a and 106b through both the linear
motion of the proximity heads 106a and 106b and through the rotation of the wafer 108. The
processing operation itself is conducted by at least one of the proximity heads.

Consequently, in one embodiment, a dry area of the wafer 108 would expand from a center



[ 75] Figure 16 shows a 16-16 sectional view of edge process proximty head,
I n accordance with one enbodi nent of the present invention. 13 [76]
Figure 17 illustrates an alternative substrate edge processing system in
accordance with one enbodi nent of the present invention.  [77] Figures

18A- 18D are detailed views of the prokimty head, in accordance with one or
nore enbodi nents of the present invention. [78] Figures 19A and 19B
illustrate a side view of proximty head, in accordance with one enbodi nent
of the present invention. [79] Figure 20 illustrates a sectional view of
the proximty head and the edge roller, in accordance with one enbodi nent

of therdyf@s@the bdPeaBEibRDS the wafer 108 in a spiral movement as a drying operation
progresses. In a preferable embodiment, the dry area of the wafer 108 would move around
the wafer 108 and the wafer 108 would be dry in one rotation (if the length of the proximity
heads 106a and 106b are at least a radius of the wafer 108). By changing the configuration
of the system 100 and the orientation of and movement of the proximity head 106a and/or the
proximity head 106b, the drying movement may be changed to accommodate nearly any

suitable type of drying path.

[88] It should be understood that the proximity heads 106a and 106b may be configured to
have at least one of first source inlet configured to input deionized water (DIW) (also known
as a DIW inlet), at least one of a second source inlet configured to input isopropyl alcohol
(TPA) in vapor form (also known as IPA inlet), and at least one source outlet configured to
output fluids from a region between the wafer and a particular proximity head by applying
vacuum (also known as vacuum outlet). It should be appreciated that the vacuum utilized
herein may also be suction, Tn addition, other types of solutions may be input into the first
source inlet and the second source inlet such as, for example, cleaning solutions, ammonia,
HF, etc. It should be appreciated that although IPA vapor is used in some of the exemplary
embodiments, nitrogen or other inert carrier gas may be used to carry the IPA vapor.
Alternatives for IPA include but are not limited to the following: diacetone, diaceton alcohol,
I-methoxy-2-propanol, ethylglycol, methyl-pyrrolidon, ethyllactate, 2-butanol. In addition,
any other type of vapor or gas may be utilized such as for example, nitrogen, argon or other

gases, any suitable alcohol vapor, organic compounds, etc. that may be miscible with water.

[89] In one embodiment, the at least one IPA vapor inlet is adjacent to the at least one
vacuum outlet which is in turn adjacent to the at least one DIW inlet to form an IPA-vacuum-
DIW orientation. It should be appreciated that other types of orientations such as IPA-DIW-
vacuum, DIW-vacuum-IPA, vacuum-IPA-DIW, etc. may be utilized depending on the wafer
processes desired and what type of wafer processing mechanism is sought to be enhanced. In
a preferable embodiment, the IPA-vacuum-DIW orientation may be utilized to intelligently
and powerfully generate, control, and move the meniscus located between a proximity head

and a wafer to process wafers. The DIW iniets, the IPA vapor inlets, and the vacuum outlets



DETAI LED DESCRI PTI ON OF THE EXEMPLARY EMBCDI MENTS [80] Several exenplary
enbodi nents for nethods and apparatuses for processing (e.g., cleaning,
rinsing, drying, etching) an edge of a wafer will now be described. In the
foll owi ng description, numerous specific details are set forth in order to
provi de a thorough understandi ng of ti®e present invention. It will be
under st ood, 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 instances, well known process operations have not been descri bed
in detail in order not to unnecessarily obscure the present invention.

[ 81] WWhiak ®c talthdgeidrin @ny hitableagadiee it tHe seovicleidntation Brmaintiinesle vBsralxamplef er r ed
enbodi ments, it will be appreciated that those skilled in the art upon
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true spirit and scope of the invention. [82] Figures 2A through 2D bel ow
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It should al'so be understood that other enbodi nents may be utilized where
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substrates such as for exanple, 200 mmwafers, 300 mmwafers, flat panels,

etc. Thwbstanfidly prooadsitiepss hetteaphingmdeb ecgien ¢f the gaduom wigidser or bot h
processi ng the wafer depending on the configuration of the system
[90] Figure 2D shows another side close-up view of the wafer processing system 100 in

accordance with one embodiment of the present invention. In this embodiment, the
proximity heads 106a and 106b have been positioned in close proximity to a top surface 108a
and a bottom surface 108b of the wafer 108 respectively by utilization of the proximity head
carrier assembly 104. Once in this position, the proximity heads 106a and 106b may utilize
the IPA and DIW source inlets and a vacuum source outlet(s) to generate wafer processing
meniscuses in contact with the wafer 108 which are capable of removing fluids from a top
surface 108a and a bottom surface 108b. The wafer processing meniscus may be generated
in accordance with the descriptions in reference to Figures 6 through 9B where IPA vapor
and DIW are input into the region between the wafer 108 and the proximity heads 106a and
106b. At substantially the same time the IPA and DIW is input, a vacuum may be applied in
close proximity to the wafer surface to output the IPA vapor, the DIW, and the fluids that

may be on a wafer surface. It should be appreciated that although IPA is utilized in the



[83] Figure 2A shows a wafer processing system 100 in accordance with one
enbodi nent of the present invention. The system 100 includes rollers 102a,
102b, and 102c which may hold and rotate a wafer to enabl e wafer surfaces
to be dried. The system 100 al so includes proximty heads 106a and 106b
that, in one enbodinent, are attached% o an upper arm 104a and to a | ower
arm 104b respectively. The upper arm 104a and the |ower arm 1046 are part
of a proximty head carrier assenbly 104 which enabl es substantially |inear
novenent of the proximty heads 106a and 106b al ong a radius of the wafer.
[84] In one enbodinent the proximty head carrier assenbly 104 is
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the wafer. The upper arm 104a and the |ower arm 104b may be configured in

any suﬁft%}%ﬂ@ewe%e‘é Hat a5y weel hevein, fedlgem [ o@au G fan WOélaﬁfeB@Vﬁ’mf ido
bl f hay! ted that
Eab, el B ARSRE  Hirc OE APRBAREIE Bl PO, P AR SR o1 1P
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and control a meniscus as 15 discussed belowin reference to Figures 6D
througﬁTOSBmFY hegdoul d al so be understood that close proximty may be any
suitabl e distance fromthe wafer as |long as a neniscus as discussed in
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arm 104a may also be configured to move the proximity head 106a from a center portion of

the wafer 108 towards the edge of the wafer 108 in a substantially linear fashion 113.



16 the system 100 may process one surface of the wafer or both the top
surface and the bottom surface of the wafer. [86] In addition, besides
processi ng both the top and bottom surfaces and of the wafer, the system
100 may al so be configured to process one side of the wafer and dry anot her
side of the wafer if desired by input2ling and outputting different types of
fluids. It should be appreciated that the system 100 nay utilize the
application of different chemcals top and bottomin the proximty heads
106a and 106b respectively depending on the operation desired. The
proximty heads can be configured to process the bevel edge of the wafer in
addi t i Gondequaatthc aseiengnidiémemipasahe ivafer 108 veohs shoernviaf @tatiohhilg, an be
acconpl i shed by noving the neniscus off the edge the wafer which processes
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By changi ng the caonfiguration of the system 100 and the orientation of and
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top surface and the bottom surface of the wafer 108 as described in reference to Figure 6.
[94] In one embodiment, by using the proximity heads 106a and 106b, the system 100 may
dry a 200 mm wafer in less than 45 seconds. In another embodiment, where the proximity
heads 106a and 106b are at least a radius of the wafer in length, the drying time for a wafer
may be less than 30 seconds. It should be understood that processing time (e.g., cleaning and
drying time) may be decreased by increasing the speed at which the proximity heads 106a
and 106b travels from the center of the wafer 108 to the edge of the wafer 108. In another
embodiment, the proximity heads 106a and 106b may be utilized with a faster wafer rotation

to dry the wafer 108 in less time. In yet another embodiment, the rotation of the wafer 108



[88] It should be understood that the proximty heads 106a and 106b nmay be
configured to have at |east one of first source inlet configured to input
dei oni zed water (DIW (also knowmn as a DIW inlet), at |east one of a
second source inlet configured to input isopropyl alcohol (IPA) in vapor
form(also known as IPAinlet), and atl | east one source outlet configured
to output fluids froma region between the wafer and a particular proximty
head by appl yi ng vacuum (al so known as vacuumoutlet). It should be
appreciated that the vacuumutilized herein may al so be suction. In
addition, other types of solutions may be input into the first source inlet
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further detail in reference to Fi gure 10. In addition, as discussed in
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to generate wafer processing nmeniscuses in contact with the wafer 108 which
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are input into the region between the wafer 108 and the proxi mty heads
106a and 106b. At substantially the sanme tinme the WA and DIWis input, a
vacuum may be applied in close proximty to the wafer surface to output the

WA vapor, the DEW and the fluids that nay be on a wafer surface. It should
be appreciated that although WA is utilized in the



19 exenpl ary enbodi ment, any other suitable type of vapor may be utilized
such as any suitable al cohol vapor, organic conpounds, hexanol, ethyl
glycol, etc. that may be miscible with water. These fluids may al so be
known as surface tension reducing fluids. The portion of the DIWthat is in
the regi on between the proximty head2and the wafer is the neniscus. It
shoul d be appreciated that as used herein, the term"output" can refer to
the renoval of fluid froma region between the wafer 108 and a parti cul ar
proximty head, and the term"input” can be the introduction of fluid to

t he regi on between the wafer 108 and the particular proximty head. [91]
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Consequently, countless different configurations of the system 100 may be
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Figures 2A to 2 per arm 104a may be configured to nove and hold the
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| ocat edpdsdIvdwntonty mmoxlm)@ head iseutilized gt Wafedsiled m from t he bottom surf ace
108b of the wafer 108.
[99] Figure 5A shows a top view of a wafer processing system 100-2 with a proximity

head 106a-3 in a horizontal configuration which extends across a diameter of the wafer 108
in accordance with one embodiment of the present invention. In this embodiment, the
proximity head 106a-3 is held by an upper arm 104a-3 that extends across a diameter of the
wafer 108. In this embodiment, the proximity head 106a-3 may be moved into a processing
position by a vertical movement of the upper arm 104a-3 so the proximity head 106a-3 can
be in a position that is in close proximity to the wafer 108. Once the proximity head 106a-3
is in close proximity to the wafer 108, the wafer processing operation of a top surface of the

wafer 108 can take place.



[93] Figure 3B illustrates a side view of the wafer processing system 100
with dual proximty heads in accordance with one enbodi nent of the present
invention. In this enbodinent, the system 100 includes both the proximty
head 106a capabl e of processing a top surface of the wafer 108 and the
proximty head 106b capabl e of process ng a bottom surface of the wafer
108. I n one enbodinent, spindles 11 |a and 111b along with a roller arm 109
may rotate the rollers 102a, 102b, and 102c respectively. This rotation of
the rollers 102a, 102b, and 102c may rotate the wafer 108 so substantially
all surfaces of the wafer 108 may be presented to the proximty heads 106a
and 10%0! OFi JAFOSIT SR vATa sitil vRREIRAMLL Eosinf k@t 1R-2RABthd P ximSigPel ng
rotated, the proximty heads 106a and 106b are brought to close proximty
of t hehewstf D658 aNddBEb-30Ba haridort@ig®nfiguahen whivh ck®hds acrdsslOdibmespect i vel y.
Once the proxjm.ty heads 106a and 106b are brought.into close proximty to
t he Wa?@ "Paf%fsf,dytlﬂé‘c?/% e BHBLYLSPRPIFRGUOL HERYETPL INYeREEY P8, ¢ he

pr oxi mg¥odIRRAS _t}k%ﬁ@xﬁtﬂ HQGR0BRY Mae:  HBARIE fida 188b 3 kQINBERE (08 by
appl yi ng WA, dei oni zed ter and vacuumto the top surface and tThe bottom
sur f acke able thepanaliediat@er af tleezader H8d Inwne efmbndineat,tvwhile theimaled 108 [94] | n

one enpadi nent, usi n he proximty heads 106a and, 106b, the system 100
may demag %@eﬂﬁﬁﬁwmqﬁL?%éogﬁ-éﬁnﬂéog'é%ﬁ% Ol 10 KISEREFOUHEEAT et

wher e I [ Heeds adi he waf er
in | eng}lta'ﬁ:,r Q%[ﬁageglrl?/?lang ti rrg](%g?e ?ﬁ\j\d‘g%k %ﬁ%&g?ﬁté@%ﬁ%h@gﬁ%&% eggir’lec]i%. It

shoul dBbaausatherpst-aomdtytheads roackasi bt eraer(deacyoess tied wafier HO8,aindly leklyefreg ti me)
may be_decreased hy increasing the s&eed at which the proximty heads 106a
and 108W! ropaiga maayriedetrbtogunsest thervafel Baf er 108 to the edge of the wafer

108. In another enbodinent, the proximty heads 106a and 106b nay be
uti i zB@LWi Al showmin Bigugs 2év-5B abatd, die proxigriyy hepds ¢aafrapvel g maniscess tine. I n

yet anot her,, enhodi ne the rqtation of the fer. 1 1 he, novenent
oF ¢ heRgp o e rearae Hii Bt al dtcresr IR Thee nieRtaRPh bEFR o
obt ai Ned} JPRld Willer BIOSRMSIalS: GReRMisclifitorl (BsbRdbiyBilsind diSplefsQy byl ty heads
106a and 106b may nove linearly froma center region of the wafer 108 to

t he edisemed on e snaffaee ofl he veaterb dihgalsoplets san then gargsamdesmbledesiduatodarm50 mm
per secopd. 95] (Fiqure 4A shows a top Vview of fe ocessing system
150- 1 Pirerthcas o BT fE st Pt o poBodBishl o BEPERSLLY ave. of
t he waf@EntdddrbMdas sRAEANRE SuppolttoPhe ridhrRUs MPRbvOfrofd e BIERSIE theV4FBE | on.
In this enbodi ment, the system 100-1 includes an upper arm 104a-1 and an

upper toram difrantedgaglagivonn Alrerrityalyethe Brenideas syshe @ on tld alpacemly i ncl ude
| 4b- 1 | 104h- d_t imty.h 106b- 1
ona 108EE PR e tgved atb iptelufROBE SoS ATy RLH e P Ha AL tE0a: 1
and 10Qafed TRSedR!PlatBimlOabish AR %@%n%ché 1 P8Rk ReAIaR)ySHT baGe

processing i s belng conducted) work in conjunction so, by having two

pr oxi nivafer hefats bpfooe theghergscas paaltdvead tafaik uFlicoekge platfome snastentiallys,

processing tine m cut to about half of the tinme.. Therefore, in

D bor at A aigh s Eis Aareson 16 LR EE o arer B HICR HAtRE hiatrecornde 1
106a- 2¢1cdfbprbeeR R dhRRPprocsdsar t processing the wafer 108 near the center
of the wafer 108 and nove outward toward the edge of the wafer 108 in a
subst hal f: i f ashi | n.thi . i 2 of the wafer
108 brigal Siete o R ERL R ekl Sl 1008 i ARk BhE VAR oBE” o m

heads &gb@BmbM MRS F2Serdlinvepadin. STRE white pYREQIngl88tem Tt Bs ussidtih t he
| i near novenent of the proximty heads 106a-1, 106a-2, 106b-1, and 106b-2
and t heertieal ot hewednizhovienialionso f Thenwalgaprocessivg, systpm MEfteinckides prosin&y ng dr i ed

e wat BrS 1985 Tty bl e SRl e € B a2 el 196 B0 o

106b- 1wamy 168.aThe WARE PFotbfthg fi8tenpi @16 308 imkstieatah @Hgd pradforaV €0 flAved away
fromthe center region of the wafer 108, the proximty heads 106a-2 and

106b- 2sumppndethaavaéer 108t &\ pilatbely smalhgapcHede-gy, bagh Srangbogthemwafier 108 to

augnent i fer processi operations. .Therefore, the wafer processing
time. ey it BediesR vy I8 RRChE RE0UQia Ol f pl e proximi ty heads to

process a particular wafer surface.



[97] Figure 4B shows a side view of the wafer processing system 100-1 which
includes multiple proximty heads for a particular surface of the wafer 108
in accordance with one 22 enbodi nent of the present invention. In this
enbodi ment, the system 100-1 includes both the proximty heads 106a-1 and
106a-2 that are capable of processing4he top surface 108a of the wafer

108, and proximty heads 106b-1 and 106b-2 capabl e of processing the bottom
surface 108b of the wafer 108. As in the system 100, the spindles 1l1la and
111b along with a roller arm 109 may rotate the rollers 102a, 102b, and
102c respectively. This rotation of the rollers 102a, 102b, and 102c may

rotat e{lfob? PRE Bdgcl B BUPR baplokAhAYly@blpifitt hakaRe Rhrdr 168 iRfwRived 8 may
brought in close proximty to he proximty heads 106a-1, 106a-2, 106b- 1,

and 10@1geaaldtﬁlmymasebe ﬁirgbxtlesﬁsatgfr@pélneawaf@nsurfacwﬁpr ¢mnqmnhithﬁmfereach of the

ds 106 1063- 10 06b ds f
Phe. wafta J0BMRGOR Gh kA RN e T TR DRV R SRR ehecot
sur f acg,andod REcBRLL@IBENEDAGRRH. e afieh té[pﬁ.lr?&%e sh@wndgf plaEXAIRHE, i N
Figure 6 through 8. By having two proximty heads per wafer side, the wafer

pr ocessinty affret ahduon0 (o abteuil 0l remndmer rao/relati vy tpi theJopreayfabeoibe wafﬂrl shed in

subst ant j al.| es ime. |t hou recia hat as. W th fer

o1 oceo Lt osedet phadosriiguan P Sr iR R A i chemosaisheads nSa ocd. of
the waf&f 1deblstd 2 wmet}es il ShhehiBoRBY 16644 &R FEBREEIH N dnpRseds L he
configuration ena P er wafer processing. In one enbodi nent, the wafer
pr ocessiongl fromﬂhmfdnéOBiem:ﬁeaﬂgdpla&femIoafrbrrahcodigtplaﬂﬁorm tcxthewaéa‘rer 108 is
used to dry the entire wafer. In such an enbodi ment, the wafer processing

speed rray] behabats 108hia 1y<bﬁ: h'&eltBstilidiﬁQBlsyﬂgzsﬁnﬂﬁé q,»yaem vaifdrholiflg fEQxd Mty
head is utilized per warer side. % gure 5A shows a top view of a
waf er fHcbaader erpmpletaarpdgzoenp, f\“mgers Wit p@g@i arﬁaﬁlymwéwtqo@@ Brogwnity eadi zont al

configuratiaon xten s..a di 108

ot it Rperfbly 10e Seh BNt RE 3% Ao G beind (I HBE SF ket os
enmbodi 4Bs thd BamReP %Y fHelwafBERIk AR ?/§nd fhe feag@lorbbheaimdmﬁ@rof@ﬁdmiteﬂm& t hat
extends across a dianeter of the wa 108. In this enbodi nent, the

pr oxi n¢rp§si¢ge@é er@Gar dendigmpernbvibies firshtion. dhpprogiesity i‘m@dﬂ@éﬂﬂ a@dlomhea ver tical
novenent of r-.arm 104a-3 s roxi m t ad 106a- in a
os 11 B g 10867 Betinbe Foth & of B8 RSP Mg TER B o B i £
head 1QGawdd $pith afon@ el Rheest & thy “Iaﬂertllﬂg Wernefisdddd 0ch-Banipiherebpbecessi ng
operation of a top surface of the wafer 108 can take pl ace.

formed by the proximity head 106a-5 while in position 107-1, on the edge platform 110 and

fully off the surface of the wafer 108. Once the meniscus 106a-6 is formed off of the wafer

108, the proximity head 106a-5 can move (i.e., scan) the meniscus 106a-6 across the wafer to

position 107-2 on the edge platform 110 also fully off the surface of the wafer 108.

Alternatively, the proximity head 106a-5 can form the meniscus 106a-6 on the wafer 108 and

then move the meniscus across the wafer and off of the wafer. Similarly, a corresponding

meniscus 106b-6 may be formed and moved across the opposing surface of the edge platform

110 and wafer 108 by the proximity head 106b-5. The proximity heads 106a-5, 106b-5 can

scan the respective sides of the wafer 108 individually or simultaneously, in substantial

alignment with one another.

{105] It should be appreciated that the proximity heads 106a-5 and/or 106b-5 may be
moved by any suitable manner that would enable moving from beyond one edge of the wafer
108 to beyond another diametrically opposite edge. In one embodiment, the proximity head

106a-5 and/or the proximity head 106b-5 may move in directions 121-1(e.g., top to bottom



23 [100] Figure 5B shows a side view of a wafer processing system 100-2
with the proximty heads 106a-3 and 106b-3 in a horizontal configuration
whi ch extends across a dianeter of the wafer 108 in accordance with one
enbodi ment of the present invention. In this enbodinent, the proximty head
106a-3 and the proximty head 106b-3 23oth are elongated to be able to span
the dianeter of the wafer 108. In one enbodinent, while the wafer 108 is
being rotated, the proximty heads 106a-3 and 106b-3 are brought to cl ose
proximty of the wafer surfaces 108a and 108b by the top arm 104a and a
bottom arm 106b-3 respectively. Because the proximty heads 106a-3 and
106b- 3,exd1eAd 1 AGp 98 FiduRe SORT BlerdiBR, RN MeNBIE may sty btdlibndrPhthb@hniRy be
needed to process thé wafer 108. [101] As shown in Figures 2A 5B above,

t he protitivintor rhessadent amd tio peoxtimiy ieadssidos-Sandas she prexgury aadd 06B-Strthey waf er

and even off the edge of fhe fer. Unfortunatel he abrypt edge of the
et er BN o Elpoe Bsdamial B aCead, iy dphong pags ovep e Syl PRGFR B et <
to be {Ogrﬁ@grggttgﬁ%u%ef&qﬁeQ,faferrhgg_wafer. The droplets can then cause

undesirable residue to formon the surfaces of the wafer as the droplets

evapor fﬁ)ﬁ]}r ?ﬁ§ év%frgnf g:%cg?s%% %&teﬁﬂ‘ focpo Eaf Ef%] uddd4§ g%ﬁ&’&n ?ﬁi?%zir%@éqf &agliitd onal

suppor I SCUS nove 1rom e surtace O e warer to an

adj acegirf£69e tHel adfEi0r08 inAnt passaifitvevifer vichore riqairing thawalie té eotared Aon t he
adj acent edge platformand the noved across a gﬁa bet ween the edge platform
and t hbnegspean pavides hbighaswy raterlge. aaepe thanabogt olt Zbma pACeHE) neni scus

b I I f f fer . . . ' '
ol 1 vt v harer iR SudaticRhen B iSiaakt laRR o bRELRRRELL ©

epatformsu a Im nat es” neni scus

fai | ur ggidencd tige pofithe@aREisOls 1088-0/af @ichtpbicif firtivé of e varferorns. quepl et e
cl eaning process or drying process. [102] Figure 5C shows a wafer
pr oc eselifymsiesidergetge ean be vesy benphisiad Infreintanas eboimprlpta Gmsapeig-esent

i ion, Th f ' - i i cal
o - rolarertan B RS I B PO MR o0 PERSSE tr B e
pr oxi 'ﬂoﬁedaeﬂqﬁnm@?r&eamra%&tﬁxtﬁs}h@g\@rdcsssﬁhgw&ﬁn@pfda@gsow) that are wider

than the dianmeter of the wafer 108. The wafer processing system 100-6 al so

i ncl udglgw?n]fggggse méﬁstufnfa&éy shéfdad ek %éf*'ﬁlga%nﬁgﬁlé hita WRTHRSxi A hehud Rieals vel y

d
smal | p 1 ess than abo IS provided bétween the wafer
108 anshd Hbetigat pleakédimmldstGroxiddty tp Hx3§afeh 0% slgkcp batdgeramd badicimte

approximately co-planer with the wafer 108, h ver, the edge platform may
be sl i GHify bBIHGONC OF BIPre plethgancaiscusss flﬁé%‘g aﬂ%ﬁ@ﬁﬁﬁ@%@ FF15¢ FOURPEr | s
about J: j ' I : e a
thi okniSaShEBaR cul tb AEERARTp WD HRInHARAEP NS b PR T

t op suinkaaeeddurfabetensiga gpldidnk oy preeh0 Bawabef ofdisge, thoswtacs@ertsmnabout 100
mcron or_nore relative to the top surface of the fer 108. The edge

pl at f ogitiERbcande ipgreased vehendhnrrosneitpbeadans 4(1pwe HACHEBRPHTY e ads 106a-5
ond, 0863 e BB SPRSAL W SR ISEUFRATRE, RuagRd0od S oo e
edge phairbptidbid thah ki prasigdity heads 106a-5 and 106b-5. A hydrophobic material has less

attraction (e.g., higher surface tension) for a selected liquid. A hydrophilic material has a

greater attraction (e.g., lower surface tension) for the selected liquid. By way of example, if

the edge platform 110 has a lower surface tension (e.g., more hydrophilic) for the liquid

contents of the meniscus 106a-6, than the wafer 108, then less of the liquid contents of the

meniscus will tend to be left behind on the wafer (i.e., the wafer will be dryer) when the

meniscus is moved off of the wafer and onto the edge platform 110. In another example, an

increased surface tension gradient between the wafer 108 and the proximity heads 106a-5

and 106b-5 can allow the meniscuses to be more easily and effectively moved across the

surface of the wafer. Maximizing the difference in surface tension (i.e., maximizing the



[ 104] The wafer 108 may be held stationary by any suitable type of wafer
hol di ng devi ce such as, for exanple, an edge grip, fingers wth edge
attachnments, etc. The proximty head carrier assenbly 104-5 is configured
to be novable from beyond one edge of the wafer 108 across the dianeter of
the wafer 108 and beyond the edge on 2he other side of the wafer after
crossing the entire wafer dianeter. In this fashion, the proximty head
106a-5 and/or the proximty head 106b-5 may nove from off of the edge of
the wafer fully across the wafer following a path along a dianeter of the
waf er 108. A neniscus 106a-6 may thereby be fornmed by the proximty head
106a- Ssupick eensdnResdiddt PRl fifthér etAnédBe @RGSR Biifal bORBYikGh@ffénisbld fof f the
surface of the wafer 108. Once the meniscus 106a-6 is forned off of the
waf er 408! sediacere axecantysufaced 106a-5 can nove (i.e., scan) the neniscus
106a-6 across the wafer to position 107-2 on the edge platform 110 al so
ful |y OB}t Teersisrd eheaudfhce steralt of sudbllevidks andwairfaced oan belselepiedxe m ty head
106a-5 can formthe nmeniscus 106a-6 on the wafer 108 and t hen nove the
meni s ceRlimiEe disrelagixe giface tensipnsof therdeyices agt wirfaces; ¥ qogmaged tg thowalsE pondi ng

meni sc - f . 4 ' of the
cdge. ploR ot Wes ThP e By B o R A RSl S RSP SHRTE B i by
heads W06a168 addfhbclgcplaiisaanio hill A aciinimidhgdr sdovnhef Mafiéthat Gy

i ndividually or sinultaneously, in substantial alignnment w th one another.

[ 1021 remaghe the wadergsghe ricatseds is maved fonpthgwiatetty thisedts Plaskams G/ or
106b- 5 ' . .
ey onc P RRrPYR BXo Abke BIHARNE (RINEaleh3bs, 1844 e SRR EOMRUGS thal (O

edge. Ay edgaif BheH siRfte of fhe Wt hiy be/evep dgkiild 6atednd/ or the proximty
head 106b-5 may nove in directions 121-1(e.g., top to bottom 25 or bottom
tot Oplilgﬁ] FrRUESeHrdtfortNEI0E R 18 mand BacHREE Frork Ry ¥R atit ﬁiéte?‘fa@fd.@ﬂ@ﬁéé, wi t hout
any rotation or novenent and the proximty heads 106a-5 and/of The

pr oxi nsiligorh gaattzl 06inpssirwayatemale, plastio aodl osmbipagonsthergoDf Thhedgmpletformnd,

t hrough, one pass over the fer 108, process the_top and/or bottom surface
of ¢ holLERE e 2R dRorobis o A bl rBHALS pRgt S Lordhs 0618 marsboBlsed 1o
per f or g aof LgHie, S0RFardphilRUdgk Blattdfhads chids 198 AR pass of the
waf er, wf?ﬁou?ﬂi%quirfﬁbltheg fer to rgtaté. K Iﬁﬁggf'stgn provi des a high
scan rmatesdus.wpuld areatshdnopiizout th2 Ovafey 188 astheGfemmauperassemeddionadreoss t he
waf er 108. is allo uni formresidence tinme (i.e., approximtely
constdﬁ@%ng?ﬁ@ﬁE€d$¥ﬁ%§5%ﬂ t he meni scus 106a-6 on each portion of surface

of the wafer 108. The uniformresidence tine can be very beneficial in
mai nt aildPhgtigpess SExanphay side gmnstadmie walghpiogessingsyyes HWed enther e surface of

R e L e L

Devi cesirRibéh sfuhd aars 168 ethdadjabentedseplatfadnh Q1M nldQoiatlcd WEh BhOXI M ty heads
106a-5 and 106b-5 that are used in closelgrOX|n1ty to the wafer 108 surface

or edganbkodimpeirafiths prgsant inyepiion . As By Kgere S0, s prosimitshecage A0&rcises

106a- 6 b-6 so as to assist in.form t he [ SCuses can nor e

of 11 o BRI s R 1R afoRt s b BhGy s e TPBL USRS 1% PR encea
sur f acphd SORIAL a8 1645 bed POGSS Bfe mEYinyvehe Béniuadhlirebdiéh s2u-{ace tension
gradi ent ‘can be increased when the proximty head has a | ower surface

t ensi dnwatdthe efge plafferm 1The surface tension gradi ent can be greater because
the wafer 108 is nore hydrophobic than the proximty heads 106a-5 and

106b- J11H hindtigpb b, therprbLitiis hehds1 0GsHaml 10683 hoe nieved.the Rispdigivesur f ace
tension) for a selected liquid. A hydrophilic materjial has a greater

at t r acBeRpcuses H062-6 gigel06hif soabiat the mrenissyises gre upaoded pastigly o diGivafeBy way of
exanpl j f f i 1@., nore
myr opju P PRSI PL A kdbedy 1 Scap L1BA LEWLEGR REPLRAIS; 1 et or

108, tdngnhd eaferaDS il ifdled @y cannembaised 106as6 amNIEOUE Thd mehietdes 0 be | eft
behind on the wafer (i.e., the wafer will be dryer) when the neniscus is

moved kiop-tomd; Wébmlfénlaétmt@ﬁf@ duscio daygappl lé}@fbéiwqi?.gapﬁs BaBaed @xanpl e,
or oxi Ty R B LR 5 FERE G oI AERIRLY e B 2 ARG BORSTE,

easi | yubBpgufoieht respbtiviabn@Esoasdsa9Ba o) 06016 bameen thel grexinafetieaddBxi m zi ng
the difference in surface tension (i.e., maxim zing the



26 surface tension gradient) wll further enhance the drying effect of
nmovi ng the neniscus froma first surface to a second surface. [108]
Therefore the surface materials of such devices and surfaces can be
selected to optimze the relative surface tensions of the devices and
surfaces as conpared to the wafer 1087 By way of exanple, a proximty head
havi ng a nore hydrophilic property than both the wafer 108 and t he edge
platform 110 will assist in mnimzing the anount of liquid that may renain
on the wafer as the nmeniscus is noved fromthe wafer to the edge platform
|f the edge platform 110 is also nore hydrophilic than the wafer 108, then

the anpyn HfFﬂ LRUT e BbxifBY He@iRi M0l FO6HUS hakanefedithe rddpéivenay be
even furt reduced [ 109] "The edge platform 110 can be nmanufactured from

any s unteabtmesr&@@r 6 ahd {@6hg6 so Ylanthe, maiidcusasrare spppotted ftdbmmbc edgamateri al s,

| ast i d ' t h f | at f b

by dr opRBAPER 370 RS g1 G- b6 40085 B Fated Bt SRl nReomt ocess.
By vay;of, (e RBRk&usefcdsl MRbiekité b@f@lﬂ@r Jolapdetebaukd hRBhiEng Aiples tie
possibili'ty that the meniscus would [eave any droplets on the wafer 108 as

t he mendtsfous owalke wafiee d03 blatnwrﬂlrfenn@ﬁéhe adyg plastorine %@@cmwmdﬁignms §D40]

Pr oxi gy oriBE FE B s dn A OT o ORBrrd e R BRI SR ERret HEOR B 6.
106b- 6(d & Ol (GerSIORI A GRS ok ldﬂenmﬁ@; toldfcbid diBcad. acaprtw Adomaatd orm 110
in accor%ance w th one enboglnent of "the present invéntion. As shown in

Fi gur eeddd, plathenpl I8l imeithetbeedgorl.06a- 5 and 106b-5 are supporting the
respective neni scuses 106a-6 and 106b-6 on the wafer 108. The proximty

heads {83- &i P@SG@@@N@&W&r@ﬁ)&M $8tefEIO0ST s & ofdanck waitonen 121-1,
toward the e Iglatformllo [111] In Figure 5E, the grOX|n1ty heads
106a- 5erah@ﬂlm@ebo hﬁaxpéenmwatlpheThws%‘éPW@SW%@%&O oahbeuseddn 106b 6 so

that the guses 0 tially
ont he g8 ranranh rront BRESES PhliBh bt HtdvebsEind B BRAARE" 0
t he wafrRE whid8 prscebsid dsfeind 1607 Melddes apRtiab s&geqﬂati&ﬁat ﬁ) a,rldthwﬁﬁn @.fullhe

meni scuses 106a-6 and 106b-6 do not burst or fail due to the gap 110a

bec ausedgehléat@a’p‘l 14 ineludedintbel water gragessengtiptont | ¢he |0§Fm pCahorgHnflsr one

o 20t B e B TS, JRERS L AR el YRRt e
heads 106a-7 and 106b-7 (hidden directly below proximity head 106a-7) can form the
respective meniscuses 106a-8 and 106b-8 in position 107-4 on the edge platform 110-1 and
then move the meniscuses into position 107-3 partially on the wafer 108 and spanning a gap
110-1a to the edge platform. The meniscuses can also be moved off of the wafer to return
the meniscuses position 107-4 fully on the edge platform. The edge of the wafer 108 can
also be processed (e.g., cleaned, etched, rinsed, dried, etc.) as the wafer rotates and the edge
passes through the meniscuses 106a-8 and 106b-8 in position 107-3. The proximity heads
106a-7 and 106b-7 have a length of at least the radius of the wafer 108 so that the proximity
heads and the respective meniscuses can cover the entire surface of the wafer in a single

rotation of the wafer (e.g., in direction 121-4) when in position 107-3.

[114] Figure SH shows a wafer processing system 100-8 in accordance with one
embodiment of the present invention. The wafer processing system 100-8 can be used in
vertical or horizontal orientations. The wafer processing system 100-8 includes a partial
edge platform 110-2 similar to the wafer processing system 100-7 above. In the wafer

processing system 100-8 the wafer 108 can be stationary or rotated. The proximity heads



27 [112] In Figure 5F, the proximty heads 106a-5 and 106b-5 have noved
the respective neni scuses 106a-6 and 106b-6 so that the neni scuses are
supported fully on the edge platform 110. Once the neni scuses 106a-6 and
106b-6 are noved fully on the edge platform 110, the neniscuses can be

all owed to burst or collapse because 2the resulting droplets will not form
on the wafer 108 but will formon the edge platform As described in

Fi gures 5D F above, the proximty heads 106a-5 and 106b-5 can nove the

meni scuses froma first surface (e.g., the wafer 108 or the edge platform
110) to a second surface (e.g., the wafer 108 or the edge platform 110), in
ei ther 1864 ¢Ghé 906b-7 [a%aéeln cﬁk&ﬁ? BV %EQMﬁt)ﬁhéﬂﬁflﬁﬁaﬂﬁ eAPRTInMBe fXpdcE 100-7 in
accordance wth one enbodi nen resent invention. The wafer

pr oces sienizceses t166a-8 60d T0@=A nbpoamsgdl(ﬁhS vethd edge phatfonay § IWehard then mewe at i ons

t at bet | d.the ho t al f
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a fully d&g @ oA Thd HnideGdeddadlalsd bt %V\A@Bﬁrof@ﬁ@%ﬁ%lmga]@d/ﬁm%mnacp@e6 of
Figure 5C above. I'n the wafer processing system 10 he wafef 108 can be

stati Oﬂdlgwplaﬂfomml Hi-2dn p'ﬁklﬁop dﬁ%SmIn ynhembsdiii@dn e mﬂaliﬁd@bpw’f@hﬁ ddesa
directly bel

m t an formt h ect scuses
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spanning a gap 110-la to the edge platform The neniscuses can aI SO
nmoved aédd ofd tb eppuaf that gotioreditha rmdmescuem@e&ﬁmmspmmup@nedwmb walket y on t he

edge pl atform The edge ?f the %8 can aI so be processed (e.gqg.

cl eaned? e%r’chﬂ—tsd“arfrieﬁwalﬁi:?%al Epat LnchR bGREEt ot ates and the edge
passes through the neni scuses 106a- 8 and 106b-8 |n position 107-3. The

pr oxi m 3] h&gwse J06apvechart dpgrr ofithganeshodpiparations 181 of 88i8g aptaéerr adi us of

L1 et el 08 SR bold Top ot T NP5 o ASaRBR R S scuses cor

er Th asinglero |onoftewafer

(e. 9., pidlestiih@BtibRNInldhlopblatihern 1L aﬁﬂé)tlhh@ﬂlel@?slﬁ)sm({n&dﬂﬂ clbkgptoLinGty shows a
waf er proceSS| ng system 100-8 in accordance with one enbodi nent of the

pr esenvvera/fist susface ﬂahg mddee nhibemsyiaigaleysirtasen do-28 opartipe 10548, 3 n

vertical or horlzo orientatio ssihn \ 00-8
i ncl udé%enéf‘cb%\’rgtf?@? l%\gee& E‘f PO XBcafp‘rﬂd%? gIFStltg %Sf% s[l\{l/gg Ié?t Sﬁ%tg((g:gelé si ng
syst emyd{afenf 1R 9Bnd birficBe. %ﬁﬁt@otﬁéﬂﬁgﬁ%ﬁﬁgpﬁﬁﬁﬁﬁm 10018 shﬁaca)\zamxe 108 can
be stati‘onary or rotated. roximty heads 28
first surface may be in contact with the second surface or maybe separated from the second
surface by a relatively small gap or separating space. In an operation 101-20, the proximity

head moves the meniscus fully off of the first surface and fully onto the second surface.

[116] By way of example, in operation 101-5, the proximity head 106a-5 is positioned in
close proximity to the surface of the wafer 108 as shown in Figure 5D above. In operation
101-10, the proximity head 106a-5 can form meniscus 106a-6 between the proximity head

and the surface of the wafer 108.

[117]1 In operation 101-15, the proximity head 106a-5 moves the meniscus 106a-6 at least
partially off of the surface of the wafer 108 to the adjacent edge platform 110 as shown in
Figure 5E above. In operation 101-20, the proximity head 106a-5 moves the meniscus 106a-
6 fully off of the surface of the wafer 108 and fully onto the edge platform 110 as shown in
Figure SF above.

[118] Once the meniscus 106a-6 is fully off of the surface of the wafer 108, the meniscus

can be allowed to burst (e.g., liquid supply to the meniscus shut down). Since the meniscus



106a-7 and 106b-7 (hidden directly below proximty head 106a-7) can form
the respective neni scuses 106a-8 and 106b-8 in position 107-5 on the edge
pl atform 110-2 and then nove the neni scuses into position 107-3, partially
on the wafer 108 and spanning a gap 110-2a to the edge platform The

meni scuses can al so be noved off of tid%e wafer 108 and fully onto the edge
platform 110-2, in position 107-5. In one enbodinent, the partial edge

pl atform 110-2 can al so be novable relative to the wafer 108. By way of
exanple, the partial edge platform 110-2 can nove with the proximty head
106a-7 so as maintain alignment with the proximty head and to support that

porti ofo@fe IsSRHFBH of ShtSsukab@oBthk Redferl RSNy GUpRATthadnByrokmevivalitgs 108. In
this manner, a smaller partial edge platformcan be used. [115] Figure S

is a fmensteris aldwed wrbusst wileobbirhoeh dperdadeaisha @afeof using a waf er
processi ng systens 100-6, 100-7 and 100-8 in accordance w th one enbodi nent
of the[19esSBipurd fivieatdemiled bvsasedtipaniatiéwnf idledge prutfprioXil @) ihyckedshce s
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The fi roubdéed)efcaostmiTaytohke bével@iractindsitetigd bitths eafsrd 08 L Mhaedgoplatieiybe
separated fromthe second surface by a relatively snmall gap or separating

N
space. Hcarhaypasatpcsdinsnqudity sinulap rothphefithe wattg 1HD oethermexipityibsadss ful iy
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of | exafBrIvd HSCuBHLRAER. T8 cubt plhuBlh 316 SERRRE: blREFman e PREY B
cl ose po®XBisay of Exdniife SityhiRaew ser ish®ouef Brmitesh iashiskaag. The Edggur e 5D
above. In operation 101-10, the proximty head 106a-5 can form nmeni scus
106a- 6pledomedH0 pmbqﬁsdmnrﬁsmpomﬁﬁ) mivgont ¥l as(ihick @ abut  Pempgp@igporeg. [ 117]
In operation 101-15, the proximty head 106a-5 noves the neni scus 106a-6 at
| east 201 i &l dne apifodohenthtesded b affthe bdgevpdtérrm DIY) ¢ap aldvanddflamehipledge

o a0 Sha o EL . o A0 L SRR SHLon AR 20 e
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waf er 4i3Bthe adern®fi Thasnuddple el andive dutles bibstan(adsognglutle quilets ®upply to the
meni s Cililrx?ec%igg thg %‘QQ&' (e.g., %(r:lea éarr]r?erré%s | asn(c:ilé%en %091‘ injecting fluid for supporting the

meniscus. One or more of the muitiple inlets and/or outlets 110c are connected to a source

110d through a channel 110e inside the edge platform 110 and a interconnecting

tubing/piping 110f. The channel 110e can be as wide as physically possible given the

thickness constraint of the edge platform 110. By way of example, an edge platform 110

having a thickness of about 1.2mm can support a channel 110e of about 800 micron in

thickness (T). Conversely, a an edge platform 110 having a thickness of about 600 micron

can support a channel 110e of about 250 micron in thickness (T). The multiple inlets and/or

outlets 110c can also be combined to form a slot in the edge 110b of the edge platform 110.

The multiple inlets and/or outlets 110c can also be used for more than one function. By way

of example, a first portion of the multiple inlets and/or outlets 110c can be coupled to an IPA

source to inject IPA into the gap 110a. Simultaneously, a second portion of the multiple

inlets and/or outlets 110c can be coupled to a vacuum source to remove excess fluid from the

gap 110a.



106a-6 is fully off of the surface of the wafer 108, any droplets that may
formwhen the nmeniscus is allowed to burst will not formon the surface of
the wafer. [119] Figure 57 is a detailed cross-sectional view of the edge
pl atform 110, in accordance with one enbodi nent of the present invention.
The edge 1106 of the edge platform 113 can include rounded corners (as
shown) or even a conpletely "beveled" (e.g., angled, fully rounded, etc.)
simlar to the bevel ed or rounded edge of the wafer 108. The edge pl atform
110 can have a surface finish quality simlar to that of the wafer 108 or
the proximty heads described el sewhere herein. The edge platform 110 can

be thigke] PloutdéARREwWS Qﬁfbxﬁrﬁﬁ%ﬁ&fd@hle@/@&la BYicH@ho®l 1%@{%&% be Aeifiyaiteal
waf er 1s about 750 micron in thickness. The edge platform 110 can be as
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first portion of the multiple inlets and/or outlets 110c can be coupled to
an WA segaedalet 806.nj ect | PA into the gap 110a. Sinultaneously, a second
portion of the multiple inlets and/or outlets 110c can be coupled to a
vacuunpl2dir Eigutect@ showsen fxthesgrokimitydhdadomtet/bigleg aperitdden 12130at hdphd Fi gure
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ot her where otheoudured mIEOA0ranyd 36 intadlitivado otheasktlirtd @nlet03(dheapbd etilizztdi on 117

shown. The orientation 117 nmay include a source inlet 306 on a, leading edge
109 wi PrRdditiop ip e Jinfasion3dd shepvbel eerienipronsbidrmay inglude agoerca et W8 source
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wi t h aneleebtodi nent of the present invention. In one enbodi nent, the _
orientation 119 is a portion of a proximty head 106a where other source
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in addition i ion 119 shown. The orientation 119 may include a

sour cecondudted gﬁégsmgrrnia?flrﬁtegﬂl@fg ipdgerd0@e wiithhong esthodoeeritof 8te [BGRni n bet ween
the Sqg\rfgnetiogytﬁllﬁ;[ougt?%ig%?g 6 gl?()ewssg %’(I)rpcs%rtjagel F68a36%?rig dried, it should be appreciated

that the wafer drying process may be accomplished in substantially the same way for the

bottom surface 108b of the wafer 108. In one embodiment, a source inlet 302 may be

utilized to apply isopropyl alcohol (IPA) vapor toward a top surface 108a of the wafer 108,

and a source inlet 306 may be utilized to apply deionized water (DIW) toward the top surface

108a of the wafer 108. In addition, a source outlet 304 may be utilized to apply vacuum to a

region in close proximity to the wafer surface to remove fluid or vapor that may located on or



[123] Figure 6C shows a further proximty head inlet/outlet orientation 121
that nmay be utilized to process the wafer 108 in accordance with one

enbodi ment of the present invention. In one enbodinment, the orientation 121
is a portion of a proximty head 106a where other source inlets 302 and 306
in addition to other source outlets 304 nmay be utilized in addition to the
orientation 119 shown. The orientation 119 may include a source inlet 306
on a | eading edge 109 with a source inlet 302 in between the source outl et
304 and the source outlet 306. [124] Figure 6D illustrates a preferable
enbodi mrent of a wafer drying process that may be conducted by a proximty
head 1Q& thdlopGeFhcAITRE. T shBuldR ppRedidiAit Al shikdlPERaRLLdNYRBEEN.

Al t hough Figure 6 shows a top surface 108a being dried, it should be
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and DRY inflow 314 may be provided through the source | t 306. Therefore,
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reference to Fi ilize sequent if afluid filmresides on
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surface is interm xed W|th the DRY infl ow 4. At this tine, the DIWinfl ow
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of the wafer 108. In one enbodinent, the IPAD W interface 118 reduces the

sur f acks wk ermthedimentghe {id/THMNNt¢niace déB aeduees the lserf@ie\ofitensaqmoifi tbttjDMwar d the

waf er urfa dla y renoved al with flui vvafer
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between a proximty head and the wafer surface along with any fluid on the

waf er BIWfthaas fipplivd tawadrihs pakr $1116a0mad dott hmotrendesidenin thhegmenbeteer 116
are the EPA/ DI Wi nt rface s 116 i.s a constant
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subst agthigdusyt l%hﬁlc‘f@ﬂ% Hokdé‘?s ¥ the rdkchid Migh:0thd PR /MBI EHIesMEdAQ8. The nearly
i medi ate renmoval of the DIWfromthe wafer surface prevents the formation

of f | uThkrefore, the meniscus 116 is a constant flow of fluid being applied toward the surface and
being removed at substantially the same time with any fluid on the wafer surface. The nearly

immediate removal of the DIW from the wafer surface prevents the formation of fluid



32 droplets on the region of the wafer surface being dried thereby reducing
the possibility of contam nation drying on the wafer 108. The pressure
(which is caused by the flow rate of the WA of the downward injection of

| PA al so hel ps contain the neniscus 116. [126] The flow rate of the N2
carrier gas for the I PA assists in caasing a shift or a push of water flow
out of the region between the proximty head and the wafer surface and into
the source outlets 304 through which the fluids nay be output fromthe
proximty head. Therefore, as the WA and the DIWis pulled into the source
outlets 304, the boundary making up the WAV DIWinterface 118 is not a

conti nﬁg%ﬁpgf@%gé%o‘p &F H%faff%‘aslfigé@e Being &idd thbRbP RIdMGinBYhd Séksibiitg of he source
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source inlets 306 nmay be utilized depending on the configuration of the

appar aTherefonel as e IPénrsiohe DIWzis patlad stia e sdest padets Pad.dhoberndasnbodi ment ,

the liquid flao n he cuumflow rates are such t he .ot al
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i ts 306 i s bet bout 25 m . t t 000
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understood that the flowrate of fluids nmay vary depending on the size of
t he pr Buidnntlgabe€dnselnentiyeasilsh pdiximity haad Hitgenovsedlic mepistas/@osespleng er rate

O o Uy i IS, AL AT L SR8 o PR PEEAR RSBH AR 2007 v
sour ce Uiy 1AL soIBheUFehd IPVDTWN inte?f2881181eRGhoulBiso be understood that the

any suitable number of source inlets 302, source outlets 304 and source inlets 306 may be

utilized depending on the configuration of the apparatus and the meniscus size and shape

desired. 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,

[1271 It should be appreciated any suitable flow rate may be utilized for the IPA, DIW, and
vacuum as long as the meniscus 116 can be maintained. In one embodiment, the flow rate of
the DIW through a set of the source inlets 306 is between about 25 ml per minute to about
3,000 ml per minute. In a preferable embodiment, the flow rate of the DIW through the set
of the source inlets 306 is about 400 ml per minute. It should be understood that the flow
rate of fluids may vary depending on the size of the proximity head. In one embodiment a
larger head may have a greater rate of fluid flow than smaller proximity heads. This may
occur because larger proximity heads, in one embodiment, have more source inlets 302 and

306 and source outlets 304 more flow for larger head.



[128] In one enbodinent, the flow rate of the |IPA vapor through a set of
the source inlets 302 is between about 1 standard cubic feet per hour
(SCFH) to about 100 SCFH. In a preferable enbodinent, the IPAflowrate is
bet ween about 5 and 50 SCFH. [129] In one enbodinent, the flowrate for

t he vacuum through a set of the sourcg outlets 304 is between about 10
standard cubic feet per hour (SCFH) to about 1250 SCFH. In a preferable
enbodi ment, the flowrate for a vacuum though the set of the source outlets
304 is about 350 SCFH. In an exenplary enbodi nent, a flow neter may be
utilized to neasure the flowrate of the IPA, DIW and the vacuum [130]
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enbodi ment, the proximty head 106a nay be noved oqver the top surface 108a
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enbodi the source inlet, 306 applies a 0 4 he waf er
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surface 108a. It shoul'd be appreciated that 1n this enbodi nent as well as
ot her embodbOEREH. dh anlmeelpphxy embgdimesid a floamelesmay be dtiheediormeaaddithé onal
nunber and t pes of inlets and source outlets may be used in

conj un PWGHQM ?ﬁbfﬁﬁr QY%W%W'the source inlets 302 and 306 and the
source outlets 304 shown in Figure 6E. In addition, in this enbodi nent as
wel | abl38] hEigum @‘E(slirﬁws]au@&m ?ﬁg@eﬂ% ﬁt@esswmgcmpﬂ@r ﬁ@lﬁgﬂ whes/oylefunt of flow
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be utilized to enhance cleaning of the wafer 108 whi at substantially the
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108a of the wafer 1082%0 conduct a cleaning and/or drying operatlon It
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oo tentihsamree oitiet ol sk ety DBIHCRY 6 HERE vimatrRors  FeldS 06 oy
be mMovedsd Budade! 1@§§r Tdd AP @m@b&ﬁ'ﬂ%ﬂ% d&@@%l@ﬁ HWMRIWE3 {4 didfby! S T ermoved
fromthe top surface 108a. By applying the 310 through the source inlet
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[133] Figure 7B shows a top view of a portion of a proximty head 106 in
accordance with one enbodi nent of the present invention. In the top view of
one enbodi nent, fromleft to right are a set of the source inlet 302, a set
of the source outlet 304, a set of the source inlet 306, a set of the
source outlet 304, and a set of the sdurce inlet 302. Therefore, as NAPA
and DIWare input into the region between the proximty head 106 and the
waf er 108, the vacuumrenoves the N2/IPA and the DiWalong with any fluid
filmthat may reside on the wafer 108. The source inlets 302, the source
inlets 306, and the source outlets 304 described herein may al so be any

sui t ab[B11 Y PR 619 SRR dnbtiRH SdureSinl @ an& ¥ &R oBientib® Whefe APRRAIMMal 35 square
opening, etc.” I n one enbodi nent, the source inlets 302 and 306 and the

sour cesautd ettt 304 manbe vblirealbanpus pe nildigenal ffuld#] acebglanes wEhiohé ustrates a

roxim:t ead i th angl ed squrce inlets..302 rformng a dryin
bber at PR Peli s A Camet B S s s epBa s BeBar S dvein | on. 11
shoul dphereppiaaé BfisfatditdestMedAWiGRrdBaAtS r382ncAR i HE einckcbpansour ce
outlet(s) 304 described herein may be angled in any suitable way to

opt i ni additibrel wafres owsles 307 mgnealndédadjabent toghpsaresslet BA6 ona saitbygosient , t he
angl ed source inlets 302" that input |PA vV onto .the wafer 108 is angl ed
Fovar dUnEl B6 aPES PRHLE0H st ah Srpapivasnt IHO TP oG BErQuEEEd o
contal Hﬂét@%rmﬂlesacdlﬁeéﬁ@solut[oo%%ﬁ]:h g&,%&r Sahigld, bl UShIR B RuRdnRA b Thpy head 106

wi th angl ed source inlets 302" and angled source outlets 304" performng a
dr yi ngthopeghathé esureenindet 307 .d&herefon, tahrleamen gosvhadinrfirv 3 0F niak e it sehto

inventiqgn. It shoul d be preciated that the source inlets 302' and 306 and
the anfMEBcSUEIHRS Fé‘ia?‘g)logd%‘?lec?éél&#% Iy despme figge l%ﬁg‘w&’ SUHagtny

sui t abl g a¥nd RaRPYHEM ze the wafer cleaning and/or drying process. [136]

I n one enbodi nent, the angled source inlets 302" that input WA vapor onto

the vafgp) 108 45 anal ed.at, a0 angke. ORA0 L puBEd | e, soutcs; et s 306 such

that t apof 11T oW 1 s8I v'é | t 18. - The angl ed

sour ceaddtdaite WA on&Bibodithe@tISf I BRAEAEMNentiBE. TRYpRRiBity ABacRIT, ¢ HROO
towards the neniscus 116. It should be appreciated that the angle 0500 and

t he angnkodizgnt, moyehwhiein Qoserppkimnipnigitee opsuriagul Bagbthawalsr 1 Gktomanagenent

and control. of the nmeniscus 116. .10 on odinent, .th ngl e. 0500 i.s

o eat oo el TRloriRe bheeynd FoFTBF EbdEReq ¢ LPEsRmests

gr eat erod maf aldo B AtiRAK tagb%de%@.g.,hﬂéhn%r de@eRSbottdin furPicel108BBF e

enbodi ment, the angle 0500 is about 15 degrees, and in another preferable

embodi weler 108.ndn argtabedigeei thetwafpr Hivgs eotetaRsq de ppoumitydegd Py bhe
angl e 0500, and,.t he.angl e, 05 dj,usted in anpy suitabl e _nmanper to timze
moat <cO ek itean SR SihE Ve SRR ~Enaiag kenase G Helied SwERE 0502
nmay beiddae Badpplyifdthe IPA 3N0tRSG21E HRAALAB Mlet 107¢ dRNGLEuANID hiBaBDsqunst t he
angl e 0502 ray be different. By angling the angled source inlei(s) 302
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may be.nore cl earl defi.ned and.therefore control the processing the
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[133] Figure 7B shows a top view of a portion of a proximity head 106 in accordance with
one embodiment of the present invention. In the top view of one embodiment, from left to
right are a set of the source inlet 302, a set of the source outlet 304, a set of the source inlet
306, a set of the source outlet 304, and a set of the source inlet 302. Therefore, as No/TPA
and DIW are input into the region between the proximity head 106 and the wafer 108, the
vacuum removes the No/IPA and the DIW along with any fluid film that may reside on the
wafer 108. The source inlets 302, the source inlets 306, and the source outlets 304 described

herein may also be any suitable type of geometry such as for example, circular opening,



36 [137] Figure 8Aillustrates a side view of the proximty heads 106 and
106b for use in a dual wafer surface processing systemin accordance with
one enbodi nent of the present invention. In this enbodi ment, by usage of
source inlets 302 and 306 to i nput NAPA and DI Wrespectively along with the
source outlet 304 to provide a vacuun35the neniscus 116 nay be gener at ed.
In addition, on the side of the source inlet 306 opposite that of the
source inlet 302, there may be a source outlet 304 to renove DiWand to
keep the neniscus 116 intact. As discussed above, in one enbodi nent, the
source inlets 302 and 306 may be utilized for NAPA inflow 310 and DI'W

i nf 1 owsgdAe 5@3@3@ icV elnyoneht R dithiéht SE 5 6@ cO I8 BOB AU Py arRehs kbilrkzed to
m .

apply vacuu It should be appreciated that any suitable configuration
of soupudetp APehaveddRulag operdegsout | et s 304 and source inlets 306 may be
utilized. For exanple, the proximty heads 106 and 106b may have a

confi g{r3li Giguaé 7€ allustratds Al pednaycthead U6E evithuing Rt Sohick énléth 80R'gRifbogHIat | on
descri bed above in reference to Figure 7A and 7B. In addition et nore

embodi AERYIEE OPeTALiN igdcariynas swtisongmnbadimenial thepressat srveatiennit ﬁ%ﬂ%b@ on as
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con ng hiPdatel & Y SRR b8 Asde iR Ehedbudelt) SHASHIRSHIGETS
the nMemiaybeandlko in adyosuaable avido opamitdthe safdrat@ning[ahdBf dHliggp@cé&sS. Hhows t he

proximty heads 106 and 106b in a dual wafer surface processing systemin
accor dareemppdimenn ehecimslidiseaioe igets3Ne’ thaldapwPANaRaE orip the wafep [@8 is

enbodi [.DLt 6, Py f f the
vafer ToAvd il fe UL et 38R 0P BERE TR SRodelfond RRiRMARE Bodtatn’ o "o
of themsafseiis 18B. By the inputting of the NAPA and the DIWby the source

inlets 302 and 306 respectively, and by use of the vacuum fromthe source
out | et (3§34, Fidige TBNISEUEs AP0 BNty IRl QDERHNRAEIE SBurcl 1Pk @62-%%?@?@20%06

and the wafer 108 and between thé proximty head 106b and the wa

The pr eoired owtlete3(HS paf8nangla dO6ig opmatidnnieretadect vathnemwi cqoheslithd@ of they be
noved over the wet areas.of the wafer surface | nn o the entjre
waf er BEFESH ARVOBHOR, ﬁéﬁ%@@ge G‘BPr@‘?l?‘eélt@%M’é%%O“&‘f‘? légfsa?ﬁ%ﬁg,oéﬁ“@ﬁgﬁ ang ed
deposi td ' i i ; : i wi pdow 538- 1
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enbodi mefar clebhimgpndoedsingpracesdow 538-1 may include a plurality of source
inlets 302 and 306 and also a plurality of source outlets 304. The 37

[136] In one embodiment, the angled source inlets 302' that input IPA vapor onto the wafer
108 is angled at an angle 0509 toward the source inlets 306 such that the IPA vapor flow is
directed to contain the meniscus 116. The angled source outlet 304" may, in one
embodiment, be angled at an angle Osgo towards the meniscus 116. It should be appreciated
that the angle Osgo and the angle 85, may be any suitable angle that would optimize the
management and control of the meniscus 116. In one embodiment, the angle 0549 is greater
than O degrees and less than 90 degrees, and the angle 050, is greater than O degrees and less
than 90 degrees. In a preferable embodiment, the angle Osqg is about 15 degrees, and in
another preferable embodiment, the angle angled at an angle 85y, is about 15 degrees. The
angle Os0p and the angle 859, adjusted in any suitable manner to optimize meniscus
management. In one embodiment, the angle 0599 and the angle 859> may be the same, and in
another embodiment, the angle angle 8500 and the angle 050, may be different. By angling the
angled source inlet(s) 302" and/or angling the angled source outlet(s) 304", the border of the
meniscus may be more clearly defined and therefore control the processing the surface being

processed.



processing window 538-1 is a region on a proximty head 106 (or any other
proximty head referenced herein) that may generate and control the shape
and size (e.g., area) of the meniscus 116. Therefore, the processing w ndow
538-1 may be a region that dries and/or cleans a wafer if the proximty
head 106 is desired to be used in tha% manner. In one enbodi nent, the
processi ng wi ndow 538-1 is a substantially rectangul ar shape. It should be
appreciated that the size of the processing w ndow 538-1 (or any ot her

sui t abl e processi ng wi ndow descri bed herein) nmay be any suitable | ength and
width (as seen froma top view). [140] Figure 9B illustrates a

subst afyirpl F%ui?d 8 £ URkralRs AGRR SR oMHRGRNKIRBE Iadd N RCARAN BB ES: Wk thaone

enbodi nment the present invention. I'n one enbodi ment, the processing
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t hat ”BYW%gﬁEﬁ‘@é}%@m Qﬁﬂ%t‘h@%o&r@@oﬁfé@%@% prbifie aﬂ&%ﬁtﬁﬁ%@m&ﬁ%u@ﬂ@esy ng

wi ndow 538 e aregion that dries and/ or cleans a wafer if
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Fi gut oA ADSHIOGIE Y Bhecimpic it RO sl Yt e e M 1y of
sour Cejntff eAS d%@@ss@&‘ﬁ*oo’i@@rﬁo%e‘@?dﬂodﬁﬁeﬁt NGe BOUERInidrY 307 aPiiCRapbl | 1S 304 in

accordance w th one enbodi nent of the present invention. In one enbodinent,
t he pradesd fon NgBh 58Rw13 1(hameleiVstinibow Gay rdspeamhdwhlte e sewte ol 864 acr oss

a wafer durin f or exanpl e, y operati uch an

enbodi W&hPS U %ﬁd&%aﬁ? Y))’aﬁ‘é‘é{’(?l@%}m?ﬁg?/“lgifé @@teﬁamtﬁyé‘ﬂt%’%f er surface on
a | eadi figioRGen s o hRf Rifdls 3071Saliea Ll §(§'49§ncf SRR dem Ao i efea! the
proximty head 1 that, in a drying process, encounter urds first.

Conv er E@lexamptey, diel ﬁro:gnﬂqgmadem&)andSMblma}ehavara@anﬁgurahm pff meragiihlgishead 106

that encounters th area bei ng proces; | ast the proximty head 106
and t MEdsPREcE LGS i %Sulgaﬁep G%&%F&é‘i"é‘iedﬂ RGeS ioddgueHe Wk & in the

di rect t t recess w ndow
538-1 It“ﬁd;agﬁég%ﬁ “hﬂ? dFﬁr}rg)&g teltsr{eﬁgPg}a{a‘lE‘g,%ﬁl%%en a tra elf%&[))rrngh?ebgsa?%g of the wet
regi oncanfighineonas ehomubélawen bafeschee toefigwen thirhagh 15 4ey eviadbidsuafack

control | ably mai ntai ned and nana t he rocess wi ndow_538-1, the wet
r egi orfGT&ng Nte oniAtt \v%ﬂﬁrm%squégigﬁ%#etdﬁs Mﬂ&m?mrn%%fhea&l@ysquéaves t he

proces - olgh.a trailing edge region 560 of the 38
ﬁ%%g%gﬁ%%fﬁoé% scusse

proximty din reference to Figures 9A through 9B, the

b h |
Fect ardathr el ok the froafhit b 05 pd ARSI LM BhersBrar 'R Gure 108
shows dﬁb%@iﬁglsggexﬁ%w&dééé)wu%%e caibddiddht of thd p@és@m vétionead k96 in

accordance wth one enbodi mrent of the present invention. In one enbodinent,
t he pralsimneny, ﬂ@g:r@msu@zt@ad $A¢ pragesse s (Op hyfacegDSmrsf tbem@rﬁﬁﬁmdby t he

br oken, | i ne the r oc in dow uss ref rence to

A1 qur ehs B Bt MpaadSediiats Gudin Pkieasd0pH bhee sy 1B ifbe a0, saz,
and S44niBMg BEHRMN,/PN dRPhe DTW By #RGbRIe %‘Il@t@%@ YRa 3@@ res{aéHtw@PS/aQﬂH

circul ar ring, sem-circular, square, sem -square, free form etc. as |ong

as a susalofehea\mdumnrftqmtheaob@efduﬂcw(}%mesnmswarh1®magé>néom@dadt\hm tban apply
and renove .flui froma s e in an efficient, nmann I n one enbodi ment,
the prioBugubHiFaghand vt it hefbedh e BrorepigPeablieeanafioveeso. "t ne
Pr 0CesgjsNgHegHb AMiBAR 8] GPart @B, AR tﬁe%&ﬁeﬂmlﬁeﬂ&)us'u@hﬁ?ﬁe kel urality
of source outlets 304, and the processing region 544 includes the plurality
of sourveethernwattasca306thel Wlafar splrhtenad)thmrtsodhmm$ whalee 108 gaobe pb2esserd r ounds
(or substa tl%ixlé%iﬁ urro the region 544 with a ring of source outlets
304 (e°§-clgn HASK )ctc cI5RO8IOR ¥4 substantial 'y surrounds the
region 544 but has an opening 541 where there are no source inlets 302
exi st 3% Eiém%ﬂb@g@w%aa@09$SIﬁg1‘élrlﬁpr$§sl ini aseorilamBBVith onerpadimpantt her
enbodi pent e sure Aaro, d the.r on 542.
JFEie %regen? v%ghgn IIS one ernbgﬁl rﬁ t %pr%%§sr21ég \ginrdg(y:vt B}ay tuhci'%

The openin Sehi —eNEI s

scanni m@/aﬂnySf%%ﬁtcﬁﬁlnlbﬁé Johenheed aﬂ@@lso I?m 18l QTR soirbe @Lﬁt@etw@pdrm nt, the
proximty head 106 can supply a first fluid to a first region of the waf er
surface fromthe region 544 and surround the first region of the wafer with
a vacuumregi on using the region 542. The proximty head 106 can al so

sem -encl ose the vacuumregion with an applied surface tension reducing
fluid applied fromthe region 540. In such as enbodi nent, the

sem - encl osi ng generates an opening that |eads to the vacuum region.



[ 143] Therefore, in operation, the proximty head 106 generates a fluid
meni scus by application of a vacuumand DIWin the respective regions 540,
542 in the process wi ndow 538 (as shown in Figure 10A). WA vapor carried on
a carrier gas (e.g., N2) can be added as necessary in the respective region
544 (e.g., to aid in noving the fornme neniscus). When 39 the proximty
head 106 is noving over the wafer surface in an exenplary drying operation,
the wafer surface that noves through the opening 541 in the region 542 and
contacts the neniscus 116 within the process wi ndow 538 is dried. The
drying occurs because fluid that is on that portion of the wafer surface

t hat Cﬁﬂk&ﬁﬁ%\MBQGWEBBQQH%rééQHbﬁa Mﬁ?k@ﬁd?@@ﬁﬂﬁﬁy6&ﬁﬁ pRRURSy R4Rr the
surface. Therefore, wet surfaces o wa enter the process Wi ndow
538 t hreéugmedﬂﬁrqm@éhatngaﬁgmcraﬁe arttbcqnggl s sBYB @ddlﬂ@je@omeao\,ofﬁhg the fluid

meni scus I.OCESS 44 shoul d i ated that
Tt houbhnbts HRG TR Sreof sithe bR Rikioyw 3851 ok e el 1) oBROUE R ee T i ocs
306, apdadshewRtebrahd ﬁﬁéxﬁﬁltﬁﬁéﬂdqﬁbti%laés%& t3B4uSn B Wanh&Y. tiRbae enbodi ment,
ot her enbodi nents may be utilized where any suitable nunber of the source
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a st abmdowgsel%éd%lr@n)’ todty, Be ARPLSGHR 16 aﬁ@wlcﬁﬁ Yas%e@ﬁJfrBﬁaCaetoﬁfvw%v
substrate. |[145] Figures 11A through 1 | ustrate exenplary enbodlnents
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enbodi roxi mt as one or both

of t hewRh®xé mnwdlheaad &f the @)@esaﬂdnﬂ&ﬁlbndﬁsmié ézﬁbbcaiaemetﬂerprb@fsaﬁg Tt
Fi gures 2A through 5B. As shown by the exquﬁary figures that follow, the
proxi nP38,2 maydnetage ppluslify olisquagst ialetois i alsp aplumalipyeftsopy enabl e

the 1 ghil SIPYAL. BE0GESS ARASPSSEH0Ed ol F‘s@éﬁﬁgﬁoﬁnﬁ%@%ﬂ@ dghore. any,

sone, eads des rern [N n any

sui t abb@emMBbRImiBY I8 FlcRACEYBIreiN) HAChad gendrte afd asft@ thd lhemsmuqm 100 or a
variant thereof as described in reference to Figures 2A to 2D. |In addition,

t he prbRerpiors thmm‘acwaylgam@om ave-2angy bad teamnethaﬁﬁmé e8d/gF clsprirewalst ifsour ce
?E;l g;[ %gc?)uantg K21 66 1s|d331§ 830%8%9@ 91 tﬁgt manne edembo %nt t%' ated that

proxi mt rom a V|eW|s & arde that

CONEeS hidk&siile QﬁlﬂdtWJGBBIDﬂsM subdidhiiallg ciadler shiafe. conduct waf er processing. All
of the proximty heads descrlbed in Figures 11A through 11C are nanifolds

that epahy tﬁfg?gcgg)pg%og/e an Ix@rm??a%ggf&c@s\%‘ﬂﬁ?ﬁ%ﬁtﬂ Qfth b ;ﬁuﬂ%@Pz ; M ndow or

a varl ant ve In reference to Figure rough 10.
The enintds B@hamsl 3606 dsheelbasake pluralith efsbutGbowlstsdiBloniabaadiee ovith oner ef er ence
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operation may be moved in direction 546 across a wafer during, for example, a wafer drying
operation. In such an embodiment, a proximity head 106 may encounter fluids on a wafer
surface on a leading edge region 548. The leading edge region 548 is an area of the
proximity head 106 that, in a drying process, encounters fluids first. Conversely a trailing
edge region 560 is an area of the proximity head 106 that encounters the area being processed
last. As the proximity head 106 and the process window 538-1 included therein move across
the wafer in the direction 546, the wet area of the wafer surface enter the process window
538-1 through the leading edge region 548. Then after processing of the wet region of the
wafer surface by the meniscus that is generated and controllably maintained and managed by
the process window 538-1, the wet region is dried and the dried region of the wafer (or

substrate) leaves the process window 538-1 through a trailing edge region 560 of the



40 -as described in reference to Figures 9A through 10B above. In addition,
the proximty heads described herein may be utilized for either cleaning or
dryi ng operations depending on the fluid that is input and output fromthe
source inlets 302 and 306, and the source outlets 304. In addition, the
proximty heads described herein may 3gave nultiple inlet Iines and nmultiple
outlet lines with the ability to control the relative flowrates of liquid
and/ or vapor and/or gas through the respective outlets and inlets. It
shoul d be appreciated that every group of source inlets and source outlets
can have i ndependent control of the flows. [146] It should be appreciated

that thexsh#fnéRl MRl |ALShsdulid iR ¢abieabS1ofichB8o A REN B! Bkrag outl ets may
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nore channels that at |east partially surrounds the area of the source

out | et snd3@@tbpble fHlaid ngiideysean ibe gersraled ehated aplivandsiemavafiuds framea) PA
outlets 302.can @F.cgnbined into one..or mre channels.th%h)atlqu;outside
the ar SHESP T ALCSIERLMATRT % OB ORI T, e RIS PR ES Ay LR AP S be

conbi nrkyd1RY Bf SIABceAnIiDIN2, BlRaRO&kSing rdgldtBi4 @b kin8Ralak ¥ vatiien BREXI M ty
heads nay not necessarily be a "head" 1n configuration but may be any

sui t abingludenthiegluraliiyed sowhe petleta 3ot end shezproeassing segion o4 imehadps the a

nanifolf a circul ar qgﬁ, a_bar squar ri angl an _oval ,puck, a
tube, piply SR 5, Ba i RsTD Pl besgith 3 et The
sour cegidianghisy *RAuABRY tReresRIN 343U ieda kg df fRRASsutlRatoMmew. & wlakhe the
generation of "a controll ed, stable, nanageable fluid nmeniscus. Miltiple 41
ring). The region 540 substantially surrounds the region 544 but has an opening 541 where
there are no source inlets 302 exist on a leading edge side of the process window 538-1. In
yet another embodiment, the region 540 forms a semi-enclosure around the region 542. The
opening in the semi-enclosure leads in the direction of the scanning/processing by the head
106. Therefore, in one embodiment, the proximity head 106 can supply a first fluid to a first
region of the wafer surface from the region 544 and surround the first region of the wafer
with a vacuum region using the region 542. The proximity head 106 can also semi-enclose
the vacuum region with an applied surface tension reducing fluid applied from the region

540. In such as embodiment, the semi-enclosing generates an opening that leads to the

vacuum region.

[143] Therefore, in operation, the proximity head 106 generates a flutd meniscus by
application of a vacuum and DIW in the respective regions 540, 542 in the process window
538 (as shown in Figure 10A). IPA vapor carried on a carrier gas (e.g., N3) can be added as

necessary in the respective region 544 (e.g., to aid in moving the formed meniscus). When



meni scuses can be supported sinultaneously on the wafer. By way of exanpl e,
a single proximty head can include sufficient source inlets 302, and 306,
and the source outlets 304 such that the single proximty head can support
the nmultiple nmeniscuses. Alternatively, multiple proximty heads can be
used in conbination, where each proxi3sty head supports one or nore

nmeni scuses. Each of the nultiple neniscuses can sinultaneously perform
separate processes (e.g., etch, rinse and drying processes). In a
preferabl e enbodi nent, the proximty head nay be a type of manifold as
described in reference to Figures 10A through 11C The size of the

pr oxi MyeYorB8AHE HERY 106 iVR6VIRE ol & BOWaftl 'sﬁﬁ@c(?n 9hége BratiBE,
application desired. In one énbodinent, the length ( ronra to vi ew show ng

t he prtresafeniunioehabmot erethprughiting @gﬁnh@afdﬂ imghe fegioneidead cant@cts tleh t 0 about
18.0 inches and the wdth (frama .vje ow ng the ocess_w ndow) may
e bet REBRCUD b 8118 heRiotss “BUGY e drirndde SRGs OGEh PERE ORIy head
may be;opt i FRtod Of RE WfSSuftie Bt dorblR tﬁé ARniRkusAl6SE Feri el R¥he T OF
exanpl e, 200mm wafers, 300, wafers, etc. The process w ndows of the

pr oxi nirteyishlaemisvemyebéreaurfang émerafomnwetsmrﬂaed:sl of aneafaemapenteothg pascesuch a
configuratio y nerate.a gcontrolled s bI and man e fluid
meni scﬂ’é“‘io“[ Qﬁrqﬁ%@dreowme fovig the F&ﬁ’“vﬁ[ g Y&"H@%&ﬁ??%’é’&“@% 1 with

a substantihally Lapgikar shape in accordance with one enbodi ment of the
present aneﬁ%roﬁﬁﬁ %Bthrs enbodi nent, the proxrnrty head 106-1 |ncludes
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ar e cappdtuecedhletPIU6Y kidOthWDIIANG o sdurd@b@icts304 86 8héwhlirdthis diodimbRiice i nl ets
306 are capable of applying DIWtoward the wafer surface region, and the

sour ceoihat ¢reb@d13@ms anay bf:ap ke Wdiﬁrea\@rﬁlsyrtzﬂ@e venberaftls @ur@gnlms 3@, dicose

roxrnlt t he 108. |on of the vacuum
the | t t I
Phe 1 Phovbeslpgcts R0 4R s puicRylas 54 Fibbiog Pkl =IaDe b Beisana Rty
sur f acRuiBdr d¥ehd %Mx@)def solidc@ihietB®2piheXbict e 8des, ]fﬁi@'tﬂe K& dulktsuR@s ports
342a, 342b, and 342c that, in one enbodi nent, correspond to the source

inl et BB geraseie astable centrgtible fiid nmwpeethamaetdr%@urfwgé@tsubetr@ta By
inputting or renoving fluid through the ports 342a, 342b, and 342c, fluids
may be[i4151)uF1g0resdutAmhtodghrld(Dghuitfwe seuptayienlbetiinkids oftthe pﬁ:ommtm:e head | et 304,
and the source _inlet 306. Although the ports 342a, 342b, .and 34

cor r esphdit fhauid be, éprgefafﬂée apy P’%@w differentgmbodimenty elcige Brrtxrlerty@eari l%d t he

source és@hﬁéd I"ﬁgg H‘LZ ﬂsetdgij %618 F H@;‘r@z eeﬂmﬁ% fads 1062SRA408b ?? uc?'%@#l G6ivat ed

t hat t e ports c my S pp y Oor renove rom any
sui t abinerefentiice €0 Fipueds 200 theauphcsB. oAl bletwidiepén dkagplary fif\gecoiaf iaflomatieon
desired. Because of the configuration of the source inlets 302 and 306 with

the s omOéeménbraéltrea)smaHYt wHabis sprlagisationeniig thal mayrspableshe Haidhrempyal
pr OX' n%%@ﬁes]cgige(% g ltrelg'% Y4 eﬁ“hél%]gd e }qanpr?eogr Qﬁ ?f {Eﬁg or OXS/%%?&S]‘(S nmy

vary d pendi ng on nf1gurati on an SI OoNns o y head
106- 1. described herein may be utilized in any suitable wafer processing system such as, for

example, the system 100 or a variant thereof as described in reference to Figures 2A to 2D.
In addition, the proximity head may also have any suitable numbers or shapes of source
outlets 304 and source inlets 302 and 306. It should be appreciated that the side of the
proximity heads shown from a top view is the side that comes into close proximity with the
wafer to conduct wafer processing. All of the proximity heads described in Figures 11A
through 11C are manifolds that enable usage of the IPA-vacuum-DIW orientation in a
process window or a variant thereof as described above in reference to Figures 2 through 10.
The embodiments of the proximity head 106 as described below in reference to Figures 11

through 14 all have embodiments of the process window 538, and regions 540, 542, and 544



[152] It should be appreciated that the ports 342a, 342b, and 342c for any
of the proximty heads described herein nmay be any suitable orientation and
di rension as long as a stable neni scus can be generated and nmi ntai ned by
the source inlets 302, source outlets 304, and source inlets 306. The
enbodi ments of the ports 342a, 342b, 4gnd 342c described herein may be
applicable to any of the proximty heads described herein. In one

enbodi ment, the port size of the ports 342a, 342b, and 342c nmay be between
about 0.03 inch and about 0.25 inch in diameter. In a preferable

enbodi nment, the port size is about 0.06 inch to 0.18 inch in dianmeter. In

one e , 5 inch
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Figure 11B illustrates a side view of t roximty head 106-1 in
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be any suitabl e nunber, size, or shape as long as the source inlets 302 and
306 asiheuah theresprstive oplets andinkss %Eo%ébﬁﬁpwlp%lé@dﬁ@t@é%@a@@ ofrfgle€ ai n,

and TeNRQe BN FENTad Mve ilIRLINES, Fife lous a rear view of the

pr oxi m N accor dance mnt one odinment of the present

i nvent r view of the proxim:t n one e
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be app&?cfét@&@f' bt bﬁﬁedtefé%rﬂg Mh@lﬁe\hs@@@?o&@&d]is §EbIBX BTBhAENbdImAL W and may
be any sultable dinmension as [ong as the source inlets 302 and 306 as wel |
as t hesisoof the opuuhgttozﬁuﬂrcauréets 3602, sgpurcedutlets 0dpamdesputco idn&lH06 acd eani ng
ancUor_ dryin nner 43 desc rein, In one

oo oo PiiEen fhedt 00 Snd i D AP isth 18 ABMAGEs IpRa RGN 8P oGmeAD e o

may f eﬁ?e Bé e G %s of'tﬁé‘?&ur&%}%tsoéoézﬂﬁ tROWE& dutlef! 50430 %eomm nEh' ”
parallel to th I nput ports 342c shown 1n Figure 11C 155] I

var i ousndethib et 0 thieopofiings ciktharisdwyrcd sdets 302 scabobe@03 mcki gur es 6A- 110 above
are very useful in processing each surface of a substrate such as a

sem cofdutt B ond@nfodirhdie tlﬂiw&}d@ih&tm%d@@ﬁn@hdcﬁﬁ@ﬁ to/the YpReE budetpB@LEssi ng
meni scus on the edge of the substrate. &ures 12- 16 show vari ous aspects

of an @wdgpaqed sbeyd). Byistleprd gowt P17 inetcenadars @ prpferablsrambadboantrthstsowicet he

pr esenI Ietsn Y& zgrle %{)]aced 0.125 inch apart from each other and the source outlets 304 are spaced
0.125 inch apart and the source inlets 302 are spaced about 0.06 inch apart. In one
embodiment, the source inlets 302 the source outlets 304 the may be combined in the form of
one or more slots or channels rather than multiple openings. By way of example, the vacaum
inlets 304 can be combined in the form of one or more channels that at least partially
surrounds the area of the source outlets 306 for the fluid portion of the meniscus. Similarly,
the IPA outlets 302 can be combined into one or more channels that at lie outside the area of
the vacuum inlets 304. The source outlets 306 can also be combined into one or more

channels.

[148] Additionally, the proximity heads may not necessarily be a "head" in configuration
but may be any suitable configuration, shape, and/or size such as, for example, a manifold, a
circular puck, a bar, a square, a triangle, an oval puck, a tube, plate, etc., as long as the source
inlets 302, and 306, and the source outlets 304 may be configured in a manner that would

enable the generation of a controlled, stable, manageable fluid meniscus. Multiple



[ 156] Figure 12 shows a | ayout view of the edge processing system 1600, in
accordance with one enbodi nent of the present invention. Figure 13 shows a
side view of the edge processing system 1600, in accordance with one
enbodi ment of the present invention. The edge processing system 1600

i ncl udes a wafer support systemthat 4qan include nultiple wafer edge
rollers 102A, 102B, 102C, for supporting a wafer 108. The wafer support
system can al so allow the wafer to nove (e.g., rotate) relative to an edge
processing proximty head 1650. The edge processing proximty head 1650 is
supported and can be noved by a head support 1652. Supporting the edge
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chem s i f ..t orts
To0an TAIEEs el 8 oP e RBBT AR SODEHER, cict The briehe TR BFRRTUED! &
1602A- piiahice Btuds Iﬁje@(h‘c arfAAg@l inGihk @nitatiie mashdriag $ortgmasainch b nowfiguiratizinl hag t he
surface tension of the neniscus 1610. [159] The various ports 1602A- 1602H,
1604A- 8615t a soupiledatibr auimanageate flaghnewpqusd according to the | ocation

of the trailing edge of the nmeniscus. The nmeni scus 1610 can be supported by
t he ed{jid9pr bigmss] ok shdwd 4 ippheewd 01165@»@]91@ heade HIG- ;'“d@w@ﬁ@u@ﬂlyt hat the edge
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the wafer into the neni scus 1610 until the edge region 1616 and the edge
excl usemhodiowes af@ySRA td 6 t8Bared thenwhigddd8.wi t hin t he neni scus, formng two
separate neni scus surfaces 1610A, 1610B. Surface 1610A is forned bet ween
the t oplswr freb® efibddiv@enmypdhe kod8 irded 309 ard @pablo oF agplging TR eowirdtaheafedge
process proximty head 1650. Simlarl surface 1610B is fornmed between the
bot t onsustace srgiom the searcednlsts 39 prpablecofivpphyie PHYtawar the gafer shfagse edge
process, pr oxi 0] 0 v t of the
meni s C{F§P°§h W&‘%hg O&rgigg\t}cgggqtbg[e%g Abié%f %Jhﬁﬂﬂ@kgéuuﬁl % d £ HB f glo%'
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1620) , ploRAnERBf PSurfadk aﬁtr@dwatfarmggmpmet@pll&ﬁaﬁof ﬂr@&%amrﬁ m@ rmbmbrWhe
surface tension of the trailing edge of the neniscus surfaces 1610A, 1610B.

Cont r otnd any athes typer ¢lfbuads bakianresidetdnen watgr $lirfﬂ§6 aydegemoied. sur f aces 1610A,
1610B can hel p ensure the neniscuses dry (i.e., renove the process

chem sf151]) THEpﬁdgnuyhgkbﬂblﬁa@oamﬁnbdgeﬁeﬁ@&u§#ﬁnandﬁé%:&@ﬂampnd6188 as
the trai|ling edge draws across the e %e excl usj

gs and dge
r egi onembodiment, Correspond to the source inlet 302, source out{et 304, source 1nt]et%08 d
respectively. By inputting or removing fluid through the ports 342a, 342b, and 342c, fluids
may be input or output through the source inlet 302, the source outlet 304, and the source

inlet 306. Although the ports 342a, 342b, and 342¢ correspond with the source inlet 302,



[161] Figure 16 shows a 16-16 sectional view of edge process proximty head
1650, in accordance wth one enbodi nent of the present invention. Wile
only one half of edge 45 process proximty head 1650 is shown, the
opposing portion is substantially simlar, however, in sonme enbodi nents,
the port arrangenments may be adjustedpas required to support neniscuses
across different wi dth exclusion zones. By way of exanple, a bottom side
edge excl usion zone 1618B may be as nuch as about 5 nmor nore is wdth,
where the top side edge exclusion zone 1618A may be | ess than about 2 mm
As a result, locations of the ports 1602B-F and 1604B-D nay be adj usted
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meni sc éﬂ%%%g_having a larger arc can also provide greater resonance tine
on each 1 ncrerental area of the edge region 1616 and edge excl usi on zones
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heads 1600 can al so be conbined with one or nore proximty heads descri bed
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diameter. In one embodiment, the distance between the ports is between about 0.125 inch

and about 1 inch apart. In a preferable embodiment, the distance between the ports is

between about 0.25 inch and about 0.37 inch apat.

[153] Figure 11B illustrates a side view of the proximity head 106-1 in accordance with one
embodiment of present invention. The proximity head 106-1 includes the ports 342a, 342b,
and 342¢. In one embodiment, the ports 342a, 342b, and 342¢ feed source inlets 302, source
outlets 304, and the source inlets 306 respectively. It should be understood that the ports
may be any suitable number, size, or shape as long as the source inlets 302 and 306 as well as

source outlets 304 may be utilized to generate, maintain, and manage the meniscus 116.

[154] Figure 11C shows a rear view of the proximity head 106-1 in accordance with one
embodiment of the present invention. The rear view of the proximity head 106-1, in one
embodiment, corresponds to the leading edge 548 of the proximity head 106-1. It should be
appreciated that the proximity head 106-1 is exemplary in nature and may be any suitable
dimension as long as the source inlets 302 and 306 as well as the source outlet 304 are

configured in a manner to enable cleaning and/or drying of the wafer 108 in the manner



[165] Figure 17 illustrates an alternative substrate edge processing system
1700, in accordance wth one enbodi nent of the present invention. The
substrate edge processing 46 system 1700 i ncludes three edge rollers 102A,
102B, 102C that support and can rotate the wafer 108. Edge roller 102A
includes a proximty head 1710. The pgoximty head 1710 is described in
further detail in Figures 18A-20 as follows. [166] Figures 18A-18D are
detailed views of the proximty head 1710, in accordance with one or nore
enbodi ments of the present invention. The proximty head 1710 i ncl udes
ports 1810, 1812, 1814 so that a meniscus 1714A can be forned. The ports
1810, 2 ar i all I € | in the
vart ouSry Aotk C R SHB anf Bl o PSR b et RELLE. BEAFRIE " 70
1814 ap42d whidh biagties flitl t6 holehd sbge vhderssiee tnltd 302addichirom phrafieirtd sheand

ot her arrangenents of ports are within the scope of the present invention.
Such nippBepFtsci42eshewn yhbighert1Gr r angenent s can be as varied as the

nuner ous enbodi nents provi ded above. The specific nunber, arrangenent, size
and or [1&651 aWldle tbé vardmisporhodid@tOof predixityligads descaepbinddégereupdn Ithe desired

, desired I h d th t | i cabl
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second neni scts 1 as shown i'n Figures 19A and 19B, below) can al so be
i ncl udadbstr8eniFiardsyl 2- bnstdveranmeniaspus K Ah40gc procedssystbm 11600 meatcbydance
correspondi ng eé,of Egrts (not. shown). Yet another neniscus (not shown)

t hat i?“ﬁﬁﬁFSﬁ%ﬂ‘nF@I {he PEFENIBYSABOBL N be forned that opposes neni scus
1714C.  [168] Proximty head 1710 can be noved (e.g., rotated) in either

di r ect [156] 1BG2re bl shogozday@t yiew of he icder preecsyagisyeem 10994 acqordaneewi t h t he

edge of .the wafer. 10 descri.bed . .in re i1 [ and 19B,
bel ow. Wﬁ%‘é’&? 8"&’@@“?‘:1“? 8@@? SIS IRETEBo f‘(i"%%? ?\%\ﬁé eV!fSeZl @ﬁée:b%%c’?ﬁirlnel?@ehead 1710
i's di vjReeksindtsgsteMiol DOPRArREGdRiRXViE bie difesEmdntldAhe grédddBinvengo. Miey heads

1710A, 1710B can then be noved (e.g., rotated) so as to align the
neni scedgepracessing sysram d60R ingludae 2 saips sePParheysigar bat capgnclpdosuiinls wakad

1710A can bhe ar g that the.neni sgu 7 is. | ed.just to the
(i ght SRt JRRRCTO2R 826 bl LIRS 065 R B STEREE R Tooa

Si nul t FS S Yhe Wi¥er B B8 VdTel g/, fdede) rdlfdGBotaredee priceangestostgity Kdaat the

meni scus 1714C is located just to the |left of the contact area between the
waf er 16%. akie adge pertgesingpriosiminoizead 1680 susipparedandey dsarpveddhia hegde of the

waf er &u%%ort 1652. Supporting the edge processing proximity head 1650 can also include

supplying the various requirements of the various ports 16024, 1602B, 1604A, 16048,
1606A in the proximity head 1650 as will be described in more detail below. As a result,
the head support 1652 can include tubes and other supply lines 1654 for supplying the
various requirements of the various ports 1602A, 1602B, 1604A, 1604B, 1606A in the

proximity head 1650.

[157] The edge processing system 1600 also includes an edge controller for controlling the
edge process. By way of example, the edge controller can control the rotational speed of the
wafer, the chemistry in the processing meniscus 1610, the size and location of the processing
meniscus 1610 within the proximity head 1650, the location and movement of the proximity
head 1650 relative to the wafer 108 and the various pressures and flowrates applied to each
of the various ports 1602A-1602H, 1604A-1604E, 1606A-1606B included in the proximity
head 1650.



47 can be processed just prior to contacting the edge roller 102A and

i medi ately after contacting the edge roller. This arrangenent would all ow
the edge of the wafer 108 to be, for exanple, rinsed and dried before and
after contacting the edge roller 102A. Simlarly, the neniscuses 1714A,
1714C can al so performdifferent proggsses to the edge of the wafer. By way
of exanpl e, neniscus 1714C m ght apply a cleaning process to the edge of
the wafer 108 before the edge roller contacts the wafer while neniscus
1714A applies a rinsing and drying process to the edge of the wafer after
the edge roller contacts the wafer. In this manner the two neni scuses can
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edge region 1616 and the edge exclusion zones 1618A, 1618B are included within the
meniscus, forming two separate meniscus surfaces 1610A, 1610B. Surface 1610A is formed
between the top surface of the wafer 108 and the top inside surface of the edge process
proximity head 1650. Similarly, surface 1610B is formed between the bottom surface of the

wafer 108 and the bottom inside surface of the edge process proximity head 1650.

[160] As the wafer 108 is moved out of the meniscus surfaces 1610A, 1610B (e.g., as the
wafer is moved in direction 1620), IPA can be injected through ports 1602A, 1602B to
control the surface tension of the trailing edge of the meniscus surfaces 1610A, 1610B.
Controlling the surface tension of the trailing edge of the surfaces 1610A, 1610B can help
ensure the meniscuses dry (i.e., remove the process chemistry) the edge region 1616 and edge
exclusion zones 1618A, 1618B as the trailing edge draws across the edge exclusion zones

and the edge region.

[161] Figure 16 shows a 16-16 sectional view of edge process proximity head 1650, in

accordance with one embodiment of the present invention. While only one half of edge



48 the desired process (e.g., clean, rinse, dry, etch). Simlarly, when the
desired process has been conpl eted, the neniscuses 1714A and 1714B can be
noved fully off of he edge of the wafer 108 such that the neni scuses do not
fail and | eave residues on the edge of the wafer. [171] Figure 20
illustrates a sectional view of the pgpximty head 1710 and the edge roller
102A, in accordance wth one enbodi nent of the present invention. The edge
roller 102A is mounted on a first shaft 2012. The first shaft 2012 is
hol | ow and al |l ows one (or nore) concentric shafts (e.g., second shaft 2016)
to rotate within the first shaft. An edge roller drive 2014 is attached to

the fi : t LI . e roller
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[ 173] nqt her e i ment, such as.described in Figure 18C above, where
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more or fewer ports 1602A-16-2H, 1604A-1604E, 1606A-1606B. A meniscus 1610 having

a larger arc can also provide greater resonance time on each incremental area of the edge

region 1616 and edge exclusion zones 1618A, 1618B. Multiple edge process proximity

heads 1650 can also used in combination to allow multiple processes to be accomplished

substantially simultaneously, on a single wafer 108. One or more edge process proximity

heads 1600 can also be combined with one or more proximity heads described in Figures 2A-

11C above.

[164] While described in terms of processing an edge of a wafer 108, the edge process
proximity head 1650 can also be adapted to process a straight edge of a substrate having
straight edges. In such an embodiment, the edge process proximity head 1650 can move a
meniscus along a straight edge of the substrate and process the regions of the substrate that
are in close proximity to the edge of the substrate similar to processing the edge region 1616

and edge exclusion zones 1618A of wafer 108 described above.

[165] Figure 17 illustrates an alternative substrate edge processing system 1700, in

accordance with one embodiment of the present invention. The substrate edge processing



49 proximty heads (e.g., proximty head 1710A) and shaft can be coupled to
the other proximty head 1710B. [175] Wile the above description has
primarily descri bed wafers and substrates as having a generally rounded
shape, if should be understood that with m nor nodification the edge
processi ng systens described herein ¢gn also be utilized to process a
substrate having a substantially straight edge. [176] Wile the
above-descri bed systens, apparatus and nmet hods nay be described in terns of
vari ous exenplary cl eaning and drying processes, it should be understood
that other processes can al so be enconpassed within the scope of the

Pr ggﬁggy%% 7264 Btud ggﬁ%% ér&fe%ﬁ?fﬁ%oﬁﬁnéditgglgg&ggaﬁ%a@ PFRGEIRES.

esses, on processes ah cabf e processes. |t
will bWafdﬂrlt)BeEdg@ﬁmeﬁuaﬂmdmmma& a phexiinitg beatt 17100 Thegpoxiganytiedd by10 ke
operations in Figure 5N-1 are not reqU|red to be perfornmed in the order
i 11 ust descabied arfgitheredetal in Higrepkyta8sr AJlavspresent ed by the operations may
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PP While only three ports 18?0 fSaIZ,mfn 8d 14 are illustrated, it should be understood that

additional ports and other arrangements of ports are within the scope of the present

invention. Such numbers of ports and port arrangements can be as varied as the numerous

embodiments provided above. The specific number, arrangement, size and orientation of the

ports 1810, 1812, 1814 is dependent upon the desired process, desired meniscus shape and

any other aspect as may be applicable to the desired application of the meniscus to be formed

by the ports 1810, 1812, 1814.

[167] Similar ports (not shown) can also be included so that a second meniscus 1714B (as
shown in Figures 19A and 19B, below) can also be included. Similarly, another meniscus
1714C can also be formed by a corresponding set of ports (not shown). Yet another
meniscus (not shown) that is analogous to meniscus 1714B can be formed that opposes

meniscus 1714C.

[168] Proximity head 1710 can be moved (e.g., rotated) in either direction 1802A or 1802B
so as to align the meniscus 1714A, 1714C with the edge of the wafer 108 as described in
more detail in Figures 19A and 19B, below. Figure 18C illustrates one embodiment where
the proximity head 1710 is divided into two separate proximity heads 1710A, 1710B.
Proximity heads 1710A, 1710B can then be moved (e.g., rotated) so as to align the
meniscuses 1714 A, 1714C with the edge of the wafer 108. Proximity head 1710A can be
arranged such that the meniscus 1714A is located just to the right of the contact area between
the wafer 108 and the edge roller 102A. Simultaneously, the proximity head 1710B can be
arranged such that the meniscus 1714C is located just to the left of the contact area between

the wafer 108 and the edge roller 102A. In such an arrangement, the edge of the wafer 108



50 CLAIMS 1. A nethod of optimzing surface tension gradient of a neniscus,
conprising: selecting a first material for a first surface; 5selecting a
second material for a second surface, the first material having a different
hydrophilic property than the second material, wherein the first surface is
a proximty head surface of a proxi mgyy head and the second surface is a
substrate, the proximty head surface including a plurality of source
inlets and a plurality of source outlets, the proximty head surface being
opposite the first surface; and 10form ng a neni scus between the first
surface and the second surface. 2. A system having an optim zed surface

tensi O(r:]angl;e%pog&rsed ﬁ@{m‘fdr% Q&ita&in%itﬁéédg%%Bfl@rcl%ZiA%‘qumrﬁ@ﬁéfelfyiaftéf material;
contacting the edge roller. This arrangement would allow the edge of the wafer 108 to be,
for example, rinsed and dried before and after contacting the edge roller 102A. Similarly, the
meniscuses 1714A, 1714C can also perform different processes to the edge of the wafer. By
way of example, meniscus 1714C might apply a cleaning process to the edge of the wafer
108 before the edge roller contacts the wafer while meniscus 1714A applies a rinsing and
drying process to the edge of the wafer after the edge roller contacts the wafer. In this
manner the two meniscuses can minimize the transfer of contaminants from the wafer to the

edge roller before contact and from the edge roller to the wafer after contact.

[169] Figure 18D illustrates an alternative embodiment of a single proximity head 1710 that
can support two meniscuses 1714A, 1714C. The proximity head 1710 can be rotated until
the meniscuses 1714A, 1714C are arranged in a before and after edge roller contact
arrangement. Alternatively, the two meniscuses 1714A, 1714C can be located on the
proximity head 1710 somewhat closely so that the edge of the wafer 108 passes through both
meniscuses in short succession such as either before or after the edge contacts the edge roller
102A. In this manner, the two meniscuses 1714 A, 1714C can perform successive processes
on the edge of the wafer 108. By way of example, a cleaning process in the first meniscus,

followed by a rinse and dry process in the second meniscus.

[170] Figures 19A and 19B illustrate a side view of proximity head 1710, in accordance
with one embodiment of the present invention. A set of ports 1714A-1 form meniscus
1714A and a corresponding set of ports 1714A-2 form meniscus 1714B. The meniscuses
1714A and 1714B can be formed with the wafer 108 extended between them as shown in
Figure 19B. Alternatively, the meniscuses 1714A and 1714B can be formed with the wafer
108 not extended between them and the meniscuses then moved partially onto the edge of the
wafer 108 as shown in Figure 19A and then fully moved onto the wafer as shown in Figure
19B. In this manner the edge of the wafer 108, including the edge exclusion zone 1818
(shown in Figure 18B above) can be completely processed as desired. By way of example, if
the edge exclusion zone 1818 is 2 mm wide then the proximity head 1710 can move

meniscus 1714A, which has a 4 mm in diameter, onto the edge of the wafer 108 to perform



a second surface including a second material, the first material having a
15 different hydrophilic property than the second material, the first
surface being substantially parallel and proximte to the second surface,

t he second surface being opposite the first surface, wherein the first
surface is a proximty head surface afg a proximty head and the proximty
head is capable of formng a neniscus between the proximty head surface
and the second surface, the proximty head surface including: 20a plurality
of source inlets; and a plurality of source outlets, wherein formng
the neni scus includes injecting a selected liquid fromat |east a portion
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[171] Figure 20 illustrates a sectional view of the proximity head 1710 and the edge roller

102A, in accordance with one embodiment of the present invention. The edge roller 102A is
mounted on a first shaft 2012. The first shaft 2012 is hollow and allows one (or more)
concentric shafts (e.g., second shaft 2016) to rotate within the first shaft. An edge roller
drive 2014 is attached to the first shaft 2012 so that the first shaft can rotate the edge roller.
The edge roller drive can be, for example a motor or a pulley or any other device as well
known in the art that can drive the edge roller 102A as needed by the overall application. A

housing 2010 supports the first shaft 2012.

[172] The second shaft 2016 is coupled to the proximity head 1710 at one end and an
actuator 2018 at the other end. In this manner the actuator 2018 can rotate the proximity
head 1710 concentrically with the edge roller 102A. The actuator 2018 can be a motor (e.g.,
a stepper motor) or an arm actuator or other actuator system such that the shaft 2016 and
therefore the proximity head 1710 can be moved in a very precise and controlled manner.
The very precise and controlled manner allows for an accurate location of the meniscus

1714A relative to the edge of the wafer 108.

[173] In another embodiment, such as described in Figure 18C above, where two proximity
heads 1710A and 1710B are utilized, the shaft 2016 could also be hollow and allow for a
third concentric shaft to pass through. In this embodiment, shaft 2012 is used by the edge
roller and shaft 2016 is used by one of the proximity heads (e.g., proximity head 1710A)
while the third shaft is used by the other proximity head 1710B. In such an embodiment, the

two proximity heads 1710A, 1710B may be independently controlled and moved.

[174] In yet another embodiment, where the edge roller 102A is not a driven roller (i.e.,
edge roller does not drive or otherwise cause the edge of the wafer to move) such as if edge
rollers 102B and/or 102C are the driven rollers, then the edge roller 102A can simply be

supported by a bearing on shaft 2012. In this manner shaft 2012 can be coupled to one of the



5. The systemof claim2, wherein the second surface is a substrate. 51
6. The systemof claim2, further conprising a third surface, the third
surface including a third material, the third surface having a different
hydrophilic property than at |east one of the first surface and the second
srrf?ce. 5 7. The systemof claim®6, waerein the third surface is an edge
pl atform

proximity heads (e.g., proximity head 1710A) and shaft can be coupled to the other
proximity head 1710B.

[175] While the above description has primarily described wafers and substrates as having a
generally rounded shape, if should be understood that with minor modification the edge
processing systems described herein can also be utilized to process a substrate having a

substantially straight edge.

[176] While the above-described systems, apparatus and methods may be described in
terms of various exemplary cleaning and drying processes, it should be understood that other
processes can also be encompassed within the scoﬁe of the present invention. The other
processes can include etching processes, rinsing processes, deposition processes and other
applicable processes. It will be further appreciated that the instructions represented by the
operations in Figure SN-1 are not required to be performed in the order illustrated, and that
all the processing representéd by the operations may not be necessary to practice the

invention.

[1771 Although the foregoing invention has been described in some detail for purposes of
clarity of understanding, it will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. Accordingly, the present embodiments
are to be considered as illustrative and not restrictive, and the invention is not to be limited to
the details gi%'en herein, but may be modified within the scope and equivalents of the
appended claims.

What is claimed is:
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CLAIMS

1. A method of optimizing surface tension gradient of a meniscus, comprising:
selecting a first material for a first surface;
selecting a second material for a second surface, the first material having a
different hydrophilic property than the second material, wherein the first surface is a
proximity head surface of a proximity head and the second surface is a substrate, the
proximity head surface including a plurality of source inlets and a plurality of source
outlets, the proximity head surface being opposite the first surface; and

forming a meniscus between the first surface and the second surface.

2. A system having an optimized surface tension gradient, comprising:

a first surface including a first material;

a second surface including a second material, the first material having a
different hydrophilic property than the second material, the first surface being
substantially parallel and proximate to the second surface, the second surface being
opposite the first surface, wherein the first surface is a proximity head surface of a
proximity head and the proximity head is capable of forming a meniscus between the
proximity head surface and the second surface, the proximity head surface including: -

a plurality of source inlets; and
a plurality of source outlets, wherein forming the meniscus includes
injecting a selected liquid from at least a portion of source inlets and applying a

vacuum to at least a portion of source outlets.
3. The method of claim 1, further comprising selecting a third material for a third
surface, the third surface having a different hydrophilic property than at least one of the
first surface and the second surface.

4. The method of claim 3, wherein the third surface is an edge platform.

5. The system of claim 2, wherein the second surface is a substrate.
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6. The system of claim 2, further comprising a third surface, the third surface
including a third material, the third surface having a different hydrophilic property than

at least one of the first surface and the second surface.

7. The system of claim 6, wherein the third surface is an edge platform.



