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1. TITLE OF THE INVENTION
Substrate Meniscus Interface and Methods for OperationO

2. DETAILED DESCRIPTION OF THE INVENTION

Background of the Invention

Field of the Invention

[0001]The present invention relates to semiconductor wafer processing and, more

particularly, to apparatuses and techniques for more efficiently applying and re
moving fluids from wafer surfaces while reducing contamination and decreasing wa

fer cleaning cost.

Description of the Related Art

[0002]In the semiconductor chip fabrication process, it is well-known that there
is a need to process a wafer using operations such as etching, cleaning, drying
, and plating.0O In each of these types of operations, liquids are typically eith

er applied or removed for the etching, cleaning, drying, and plating processes.

O

[0003]For example, wafer cleaning may have to be conducted where a fabrication o
peration has been performed that leaves unwanted residues on the surfaces of waf
ers. Examples of such a fabrication operation include plasma etching (e.g., tun
gsten etch back (WEB)) and chemical mechanical polishing (CMP).O In CMP, a wafer
is placed in a holder which pushes a wafer surface against a rolling belt polis
her.d This belt polisher uses a slurry which consists of chemicals and abrasive
materials to cause the polishing.0O Unfortunately, this process tends to leave an
accumulation of slurry particles and residues at the wafer surface.O 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 interac
tions between metallization features.O In some cases, such defects may cause dev
ices on the wafer to become inoperable.d In order to avoid the undue costs of di
scarding wafers having inoperable devices, it is therefore necessary to clean th
e wafer adequately yet efficiently after fabrication operations that leave unwan
ted residues.O O

[0004]After a wafer has been wet cleaned, the wafer must be dried effectively to
prevent water or cleaning fluid remnants from leaving residues on the wafer.0O I
f the cleaning fluid on the wafer surface is allowed to evaporate, as usually ha
ppens when droplets form, residues or contaminants previously dissolved in the c
leaning fluid will remain on the wafer surface after evaporation (e.g., and form
spots).0O To prevent evaporation from taking place, the cleaning fluid must be r
emoved as quickly as possible without the formation of droplets on the wafer sur
face.O In an attempt to accomplish this, one of several different drying techn
iques are employed such as spin drying, IPA, or Marangoni drying.O All of these

drying techniques utilize some form of a moving liquid/gas interface on a wafer

surface which, if properly maintained, results in drying of a wafer surface with
out the formation of droplets. Unfortunately, if the moving liquid/gas interfac
e breaks down, as often happens with all of the aforementioned drying methods, d
roplets form and evaporation occurs resulting in contaminants being left on the

wafer surface.
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[0005]The most prevalent drying technique used today is spin rinse drying (SRD).
O Figure 1 illustrates movement of cleaning fluids on a wafer 10 during an SRD d
rying process. In this drying process, a wet wafer is rotated at a high rate by
rotation 14.0 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.
O As the cleaning fluid is being pulled off of the wafer, a moving liquid/gas in
terface 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 lar
ger) as the drying process progresses.d In the example of Figure 1, the inside a
rea 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 interfa
ce 12 is the cleaning fluid.O Therefore, as the drying process continues, the se
ction inside (the dry area) of the moving liquid/gas interface 12 increases whil
e the area (the wet area) outside of the moving liquid/gas interface 12 decrease
s.d As stated previously, if the moving liquid/gas interface 12 breaks down, dro
plets of the cleaning fluid form on the wafer and contamination may occur due to
evaporation of the droplets.O As such, it is imperative that droplet formation
and the subsequent evaporation be limited to keep contaminants off of the wafer
surface.d Unfortunately, the present drying methods are only partially successf
ul at the prevention of moving liquid interface breakdown.

[0006]In addition, the SRD process has difficulties with drying wafer surfaces t
hat are hydrophobic.O Hydrophobic wafer surfaces can be difficult to dry because
such surfaces repel water and water based (aqueous) cleaning solutions.O Theref
ore, as the drying process continues and the cleaning fluid is pulled away from
the wafer surface, the remaining cleaning fluid (if aqueous based) will be repel
led by the wafer surface.Od As a result, the aqueous cleaning fluid will want the
least amount of area to be in contact with the hydrophobic wafer surface.d Addi
tionally, the aqueous cleaning solution tends cling to itself as a result of sur
face tension (i.e., as a result of molecular hydrogen bonding).0O Therefore, beca
use of the hydrophobic interactions and the surface tension, balls (or droplets)
of aqueous cleaning fluid forms in an uncontrolled manner on the hydrophobic wa
fer surface.d This formation of droplets results in the harmful evaporation and
the contamination discussed previously.O The limitations of the SRD are particul
arly severe at the center of the wafer, where centrifugal force acting on the dr
oplets is the smallest.O Consequently, although the SRD process is presently the
most common way of wafer drying, this method can have difficulties reducing for
mation of cleaning fluid droplets on the wafer surface especially when used on h
ydrophobic wafer surfaces.

[0007]Additionally, in other wafer processing operations such as cleaning, etchi
ng, and plating, there are also problems with applying the fluids to the wafer a
nd removing fluids from the wafer in an efficient manner that decreases contamin
ation and increases wafer yield.O

[0008]Therefore, there is a need for a method and an apparatus that avoids the p
rior art by enabling optimized fluid management and application to a wafer that
reduces contaminating deposits on the wafer surface.d Such deposits as often occ
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urs today reduce the yield of acceptable wafers and increase the cost of manufac
turing semiconductor wafers.

Summary of the Invention
[0009]Broadly speaking, the present invention fills these needs by providing a s

ubstrate processing (e.g., drying, cleaning, etching, plating, etc.) apparatus t
hat is capable of managing fluids on wafer surfaces while at the same time reduc
ing wafer contamination.O It should be appreciated that the present invention ca
n be implemented in numerous ways, including as a process, an apparatus, a syste
m, a device or a method.O Several inventive embodiments of the present invention
are described below.

[0010]In one embodiment, an apparatus for processing a substrate with a fluid me
niscus to be applied to a surface of the substrate is provided which includes a
docking surface configured to be placed adjacent to an edge of the substrate whe
re the docking surface is in the same plane as the substrate.d The docking surfa
ce provides a transition interface to allow the fluid meniscus to enter and exit
the surface of the substrate.

[0011]In yet another embodiment, an apparatus for use in processing a substrate

is provided which includes a coupon magazine configured to hold a docking statio
n for a proximity head where the coupon magazine is configured so the docking st
ation is held in place adjacent to an edge of the substrate.

[0012]In another embodiment, a method for processing a substrate is provided whi
ch includes positioning a transition surface substantially coplanar to a substra
te surface where the transition surface being adjacent to an edge of the substra
te.Od The method further includes moving a fluid meniscus between the transition

surface and the substrate surface.

[0013]The advantages of the present invention are numerous.d Most notably, the a
pparatuses and methods described herein efficiently process (clean, dry, etch, p
late, and other suitable type of wafer processing that involves optimal manageme
nt of fluid application and/or removal from the wafer) semiconductor wafer while
reducing unwanted fluids and contaminants remaining on a wafer surface. Consequ
ently, wafer processing and production may be increased and higher wafer yields
may be achieved due to efficient wafer processing.O

[0014]The present invention enables the improved processing through the use of v
acuum fluid removal in conjunction with processing fluid input that may be appli
ed through usage of a multi-module manifold which is configurable in any one of
numerous ways through the interchanging of one or more manifold sections.l

[0015]The pressures generated on a fluid film at the wafer surface by the aforem
entioned forces enable optimal application and/or removal of fluid at the wafer
surface with a significant reduction in remaining contamination as compared with
other processing techniques.O In addition, the present invention may utilize ap
plication of an isopropyl alcohol (IPA) vapor and processing fluid towards a waf
er surface along with generation of a vacuum near the wafer surface at substanti
ally the same time.d This enables both the generation and intelligent control of
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a meniscus and the reduction of fluid surface tension along a processing fluid
interface and therefore enables optimal application and/or removal of fluids fro
m the wafer surface without leaving contaminants. The meniscus generated by inp
ut of IPA, processing fluid and output of fluids may be moved along the surface
of the wafer to process the wafer.

[0016]In one embodiment, a coupon magazine may be utilized to effectively hold a
nd position a docking station.O The docking station (may also be known as a coup
on) can simulate a wafer surface so when the fluid meniscus generated by the pro
ximity head(s) are moved off (or on) the wafer surface, the docking station may

provide a substantially continuous surface for the meniscus to track therefore e
nhancing meniscus stability.O In addition, the coupon magazine may be leveled so
that the docking station can be made substantially coplanar with the wafer bein
g processed. Therefore, the coupon magazine may be utilized in any suitable waf
er processing operation using the fluid meniscus.0 In this fashion, wafer proces
sing can be intelligently enhanced and optimized.

[0017]0ther aspects and advantages of the present invention will become apparent
from the following detailed description, taken in conjunction with the accompan
ying drawings, illustrating by way of example the principles of the present inve
ntion.

[0018]The present invention will be readily understood by the following detailed
description in conjunction with the accompanying drawings. To facilitate this
description, like reference numerals designate like structural elements.

Detailed Description
[0019]An invention for methods and apparatuses for processing a substrate is dis
closed.Od In the following description, numerous specific details are set forth i

n order to provide a thorough understanding of the present invention.O It will b
e understood, however, by one of ordinary skill in the art, that the present inv
ention may be practiced without some or all of these specific details.0 In other

instances, well known process operations have not been described in detail in o
rder not to unnecessarily obscure the present invention.

[0020]While this invention has been described in terms of several preferable emb
odiments, it will be appreciated that those skilled in the art upon reading the

preceding specifications and studying the drawings will realize various alterati
ons, additions, permutations and equivalents thereof.O It is therefore intended

that the present invention includes all such alterations, additions, permutation
s, and equivalents as fall within the true spirit and scope of the invention.

[0021]The figures below illustrate embodiments of an exemplary wafer processing
system proximity heads to generate a specific shape, size, and location of a flu
id meniscus.0O In one embodiment, the technology utilized herein may be known as
a meniscus vacuum IPA vapor (MVIV) technology.O This technology may be utilized
to perform any suitable type of wafer operation such as, for example, meniscus v
acuum IPA vapor drying (MVIVD), meniscus vacuum IPA vapor cleaning (MVIVC), meni
scus vacuum IPA vapor etching (MVIVE), meniscus vacuum IPA vapor plating (MVIVP)
, etc.0 It should be appreciated that the system is exemplary, and that any othe
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r suitable type of configuration that would enable movement of the proximity hea
d(s) into close proximity to the wafer may be utilized.O In the embodiments show
n, the proximity head(s) may move in a linear fashion from a center portion of t
he wafer to the edge of the wafer.O It should be appreciated that other embodime
nts may be utilized where the proximity head(s) move in a linear fashion from on
e edge of the wafer to another diametrically opposite edge of the wafer, or othe
r non-linear movements may be utilized such as, for example, in a radial motion,

in a circular motion, in a spiral motion, in a zig-zag motion, in a random moti
on, etc.O In addition, the motion may also be any suitable specified motion prof
ile as desired by a user.d In addition, in one embodiment, the wafer may be rota
ted and the proximity head moved in a linear fashion so the proximity head may p
rocess all portions of the wafer.Od It should also be understood that other embod
iments 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 po
rtions of the wafer.Od In addition, the proximity head and the wafer processing s
ystem as described herein may be utilized to process any shape and size of subst
rates such as for example, 200 mm wafers, 300 mm wafers, flat panels, etc.O The
processing system may be configured to be utilized for any suitable processing (
e.g., plating, etching, cleaning, drying, etc.) of the wafer depending on the co
nfiguration of the system.O

[0022]A fluid meniscus can be supported and moved (e.g., onto, off of and across
a wafer) with a proximity head.d As described herein a coupon magazine may hold
and position a docking station so the docking station can be located off the ed

ge of the wafer and therefore simulate a wafer surface as a fluid meniscus is mo

ved off (or on) the wafer.O The docking station (may also be known as a coupon)
can therefore provide a substantially continuous surface for the meniscus to tra
ck therefore enhancing meniscus stability.Od The coupon magazine may also be conf
igured to level the docking station so that the docking station is substantially
level (or coplanar) with the wafer being processed. By having the docking stat
ion substantially coplanar with the wafer, the fluid meniscus may move on (or of
f) the wafer and keep meniscus stability intact.O

[0023]Figure 2A shows a wafer processing system 100 in accordance with one embod
iment of the present invention.O The system 100 includes rollers 102a and 102b w
hich may hold and/or rotate a wafer to enable wafer surfaces to be processed.O T
he system 100 also includes proximity heads 106a and 106b that, in one embodimen
t, are attached to an upper arm 104a and to a lower arm 104b respectively.O The

proximity head may be any suitable apparatus that may generate a fluid meniscus.
O The upper arm 104a and the lower arm 104b can be part of an assembly which ena
bles substantially linear movement of the proximity heads 106a and 106b along a

radius of the wafer.O In yet another embodiment, the assembly may move the proxi
mity heads 106a and 106b in any suitable user defined movement.

[0024]1In one embodiment the arms 104 are configured to hold the proximity head 1
06a above the wafer and the proximity head 106b below the wafer in close proximi
ty to the wafer.O For example, in one exemplary embodiment this may be accomplis
hed by having the upper arm 104a and the lower arm 104b be movable in a vertical
manner so once the proximity heads are moved horizontally into a location to st
art wafer processing, the proximity heads 106a and 106b can be moved vertically
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to a position in close proximity to the wafer.O In another embodiment, the upper
arm 104a and the lower arm 104b may be configured to start the proximity heads
106a and 106b in a position where a meniscus is generated before processing and
the meniscus that has already been generated between the proximity heads 106a an
d 106 may be moved onto the wafer surface to be processed from an edge area of a
wafer 108.0 Therefore, the upper arm 104a and the lower arm 104b may be configu
red in any suitable way so the proximity heads 106a and 106b can be moved to ena
ble wafer processing as described herein.O It should also be appreciated that th
e system 100 may be configured in any suitable manner as long as the proximity h
ead(s) may be moved in close proximity to the wafer to generate and control a me
niscus.d It should also be understood that close proximity may be any suitable d
istance from the wafer as long as a meniscus may be maintained.d In one embodime
nt, the proximity heads 106a and 106b (as well as any other proximity head descr
ibed herein) may each be located between about 0.1 mm to about 10 mm from the wa
fer to generate the fluid meniscus on the wafer surface.d In a preferable embodi
ment, the proximity heads 106a and 106b (as well as any other proximity head des
cribed herein) may each be located bout 0.5 mm to about 2.0 mm from the wafer to
generate the fluid meniscus on the wafer surface, and in more preferable embodi
ment, the proximity heads 106a and 106b (as well as any other proximity head des
cribed herein) may be located about 1.50 mm from the wafer to generate the fluid
meniscus on the wafer surface.O O

[0025]1In one embodiment, the system 100, the arms 104 are configured to enable t
he proximity heads 106a and 106b to be moved from processed to unprocessed porti
ons of the wafer.O It should be appreciated that the arms 104 may be movable in
any suitable manner that would enable movement of the proximity heads 106a and 1
06b to process the wafer as desired.d In one embodiment, the arms 104 may be mot
ivated by a motor to move the proximity head 106a and 106b along the surface of
the wafer.O It should be understood that although the wafer processing system 10
0 is shown with the proximity heads 106a and 106b, that any suitable number of p
roximity heads may be utilized such as, for example, 1, 2, 3, 4, 5, 6, etc.0 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.d The different configurations described herein generate a
fluid meniscus between the proximity head and the wafer.O The fluid meniscus may
be moved across the wafer to process the wafer by applying fluid to the wafer s
urface and removing fluids from the surface.d In such a way, depending on the flI
uids applied to the wafer, cleaning, drying, etching, and/or plating may be acco
mplished.O Therefore, the proximity heads 106a and 106b can have any numerous ty
pes of configurations as shown herein or other configurations that enable the pr
ocesses described herein.Od It should also be appreciated that the system 100 may
process one surface of the wafer or both the top surface and the bottom surface
of the wafer.O

[0026]1In addition, besides processing the top and/or bottom surfaces of the wafe
r, the system 100 may also be configured to process one side of the wafer with o
ne type of process (e.g., etching, cleaning, drying, plating, etc.) and process
the other side of the wafer using the same process or a different type of proces
s by inputting and outputting different types of fluids or by using a different
configuration meniscus.d The proximity heads can also be configured to process t
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he bevel edge of the wafer in addition to processing the top and/or bottom of th
e wafer.Od This can be accomplished by moving the meniscus off (or onto) the edge
the wafer which processes the bevel edge.d It should also be understood that th
e proximity heads 106a and 106b may be the same type of apparatus or different t
ypes of proximity heads.

[0027]The wafer 108 may be held and rotated by the rollers 102a and 102b in any

suitable orientation as long as the orientation enables a desired proximity head
to be in close proximity to a portion of the wafer 108 that is to be processed.
O In one embodiment, the rollers 102a and 102b can rotate in a clockwise directi
on to rotate the wafer 108 in a counterclockwise direction.O It should be unders
tood that the rollers may be rotated in either a clockwise or a counterclockwise
direction depending on the wafer rotation desired.d In one embodiment, the rota
tion imparted on the wafer 108 by the rollers 102a and 102b serves to move a waf
er area that has not been processed into close proximity to the proximity heads

106a and 106b.0 However, the rotation itself does not dry the wafer or move flui
d on the wafer surfaces towards the edge of the wafer.d Therefore, in an exempla
ry wafer processing operation, the unprocessed areas of the wafer would be prese
nted 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 108.0 The wa
fer processing operation itself may be conducted by at least one of the proximit
y heads.O Consequently, in one embodiment, processed portions of the wafer 108 w
ould expand from a center region to the edge region of the wafer 108 in a spiral
movement as the processing operation progresses.d In another embodiment, when t
he proximity heads 106a and 106b are moved from the periphery of the wafer 108 t
o the center of the wafer 108, the processed portions of the wafer 108 would exp
and from the edge region of the wafer 108 to the center region of the wafer 108

in a spiral movement.O

[0028]In an exemplary processing operation, it should be understood that the pro
ximity heads 106a and 106b may be configured to dry, clean, etch, and/or plate t
he wafer 108.0 In an exemplary drying embodiment, the at least one of first inle
t may be configured to input deionized water (DIW) (also known as a DIW inlet),
the at least one of a second inlet may be configured to input N, carrier gas con
taining isopropyl alcohol (IPA) in vapor form (also known as IPA inlet), and the
at least one outlet may be configured to remove fluids from a region between th
e wafer and a particular proximity head by applying vacuum (also known as vacuum
outlet).O It should be appreciated that although IPA vapor is used in some of t
he exemplary embodiments, any other type of vapor may be utilized such as for ex
ample, nitrogen, any suitable alcohol vapor, organic compounds, volatile chemica
Is, etc. that may be miscible with water.Od It should be appreciated that any sui
table alcohol vapor may contain any suitable types of alcohols.O It should be ap
preciated that the any suitable alcohol can be any suitable carbon-based chemica
I with a hydroxy group attached to a saturated carbon atom.

[0029]1In an exemplary cleaning embodiment, a cleaning solution may be substitute
d for the DIW.O An exemplary etchingO embodiment may be conducted where an etcha
nt may be substituted for the DIW.O In an additional embodiment, plating may be
accomplished by using a fluid meniscus with processing fluid and proximity head
configured for plating.O In addition, other types of solutions may be inputted i
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nto the first inlet and the second inlet depending on the processing operation d
esired. O

[0030]1t should be appreciated that the inlets and outlets located on a face of
the proximity head may be in any suitable configuration as long as a stable meni
scus as described herein may be utilized.O In one embodiment, the at least one N
,/1PA vapor inlet may be adjacent to the at least one vacuum outlet which is in
turn adjacent to the at least one processing fluid inlet to form an IPA-vacuum-p
rocessing fluid orientation.O It should be appreciated that other types of orien
tations such as IPA-processing fluid-vacuum, processing fluid-vacuum-I1PA, vacuum
-1PA-processing fluid, etc. may be utilized depending on the wafer processes des
ired and what type of wafer processing mechanism is sought to be enhanced.O In a
preferable embodiment, the IPA-vacuum-processing fluid orientation may be utili
zed to intelligently and powerfully generate, control, and move the meniscus loc
ated between a proximity head and a wafer to process wafers.O The processing flu
id inlets, the N,/IPA vapor inlets, and the vacuum outlets may be arranged in an
y suitable manner if the above orientation is maintained.d For example, in addi
tion to the N,/IPA vapor inlet, the vacuum outlet, and the processing fluid inle
t, in an additional embodiment, there may be additional sets of IPA vapor outlet
s, processing fluid inlets and/or vacuum outlets depending on the configuration

of the proximity head desired.d It should be appreciated that the exact configur
ation of the IPA-vacuum-processing fluid orientation may be varied depending on

the application.O For example, the distance between the IPA input, vacuum, and p
rocessing fluid input locations may be varied so the distances are consistent or
so the distances are inconsistent.d In addition, the distances between the IPA

input, vacuum, and processing fluid output may differ in magnitude depending on

the size, shape, and configuration of the proximity head 106a and the desired si
ze of a process meniscus (i.e., meniscus shape and size).O In addition, exemplar
y IPA-vacuum-processing fluid orientation may be found as referenced herein.O

[0031]In one embodiment, the proximity heads 106a and 106b may be positioned in

close proximity to a top surface and a bottom surface respectively of the wafer

108 andO may utilize the IPA and DIW inlets and a vacuum outlet(s) to generate w
afer processing meniscuses in contact with the wafer 108 which are capable of pr
ocessing the top surface and the bottom surface of the wafer 108.0 The wafer pro
cessing meniscus may be generated in accordance with the descriptions in referen
ce to Applications referenced above.O At substantially the same time the IPA and
the processing fluid is inputted, a vacuum may be applied in close proximity to
the wafer surface to remove the IPA vapor, the processing fluid, and/or the flu
ids that may be on the wafer surface.O It should be appreciated that although IP
A is utilized in the exemplary embodiment, any other suitable type of vapor may

be utilized such as for example, nitrogen, any suitable alcohol vapor, organic c
ompounds, hexanol, ethyl glycol, acetone, etc. that may be miscible with water.

0 These fluids may also be known as surface tension reducing fluids.O The portio
n of the processing fluid that is in the region between the proximity head and t
he wafer is the meniscus.0 It should be appreciated that as used herein, the te
rm "output” can refer to the removal of fluid from a region between the wafer 10
8 and a particular proximity head, and the term "input” can be the introduction

of fluid to the region between the wafer 108 and the particular proximity head.

O
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[0032]The fluid meniscus may be moved on (or off) of the wafer at an edge of the
wafer 108.0 For fluid meniscus removal and/or application on the periphery of t
he wafer 108, in one embodiment, the system 100 includes a couple magazine 126 a
ttached on a top surface of a wafer processing assembly.O In one embodiment, cou
pon assembly 126 includes bottom portion 124 and top portion 122.0 The coupon as
sembly 126 may be configured to hold a docking station 120 in an accurate static
position that is substantially planar to a wafer plane and between the proximit
y heads 106a and 106b.0 In a preferable embodiment, when the docking station 120
is not substantially coplanar with the wafer plane, the docking station 120 may
be adjusted with a leveling mechanism (as discussed in further detail in refere
nce to Figure 7) so the wafer 108 is substantially coplanar with the docking sta
tion.O Therefore, the docking station may emulate a wafer surface when the proce
ss being conducted by the proximity head 106 is ending and transitioning off of
the wafer surface as described in further detail in reference to Figure 2B.0 It
should be appreciated that the docking station 120 as described herein may be ma
de from any suitable hydrophilic material such as, for example, quartz, ceranmic,
etc.d The docking station may have a docking surface for the fluid meniscus tha
t is adjacent to an edge of the substrate where the docking surface is in the sa
me plane as the substrate.d The docking surface of the docking station may prov
ide a transition interface to allow the fluid meniscus to enter and exit the sur
face of the substrate.d In one embodiment, the docking surface has a radial cont
our that matches a redial contour of the substrate.d As a result, the docking su
rface may provide a transition interface for a fluid meniscus of the proximity h
ead Therefore, by providing a substantially continuous simulate wafer surface, t
he meniscus that is transitioning onto or off of the wafer 108 may remain stable
.0

[0033]1t should be appreciated that the magazine coupon 126 may be designed with

a specific intent to securely hold and level a substrate of regular or irregula
r geometric shape in a static position for processing when using the proximity h
ead technology.O In addition, the magazine coupon 126 may be utilized with any s
uitable proximity head operation such as, for example, etching, cleaning, drying
, plating, etc.0O

[0034]In one embodiment, the coupon magazine 126 is attached to a coupon magazin
e mount 128.0 In one embodiment, the coupon magazine 126 and the coupon magazine
mount 128 may be known as a coupon magazine assembly.

[0035]Figure 2B illustrates an exemplary proximity head docking operation using
the docking station 120 in accordance with one embodiment of the present inventi
on.0O The docking station 120 may include a surface 120a that may simulate an arc
curvature 108a so that a meniscus formed on the wafer 108 may travel off onto t
he docking station 120 without a breakdown in the meniscus.O In one exemplary em
bodiment, the proximity head 106 may be moved from a location 106 of the wafer 1
08 to a location off of the wafer onto the docking station 120.0 The docking sta
tion is held onto place in the coupon magazine 122.

[0036]Figure 2C shows a meniscus traveling off of the wafer 108 onto the docking
station 120 in accordance with one embodiment of the present invention.O In one
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exemplary embodiment, a meniscus 140 formed by the proximity head 106 may be us
ed to process a wafer surface of the wafer 108 as described in further detail in
the Applications. The meniscus 140 may be moved from the wafer to a location 1
60.0 The location 160 includes a portion of the docking station 120 that simulat
es a surface of the wafer 108.0 It should be appreciated that the docking statio
n 120 may be configured in any suitable fashion that enables the simulation of t
he wafer surface to keep the meniscus 140 stable.Od It should also be understood
that the docking station may be any suitable distance away from the wafer 108 th
at can effectively enable the docking station 120 to simulate a wafer surface as
the meniscus 140 is moving off of the wafer 108.0 In one embodiment, distance o
f the closest portion of the docking station 120 to the wafer is between 0.01lmm

and 10.0mm.O In a preferable embodiment, the docking station 120 is located abou
t 0.1lmm away from the wafer 108.0

[0037]Figure 3 illustrates a close up view of the system 100 without some of the
components to show a better view of the coupon magazine 126 in accordance with
one embodiment of the present invention.O The coupon magazine 126 may include a
top portion 122 attached to a bottom portion 126.0 In such an embodiment, the to
p portion 122 and the bottom portion 126 may be attached with at least a portion
of the docking station being located between the top portion 122 and the bottom
portion 126.0 In one embodiment, the coupon magazine 126 is a device holder tha
t may be fabricated from chemically compatible and mechanically stable materials
such as, for example, polyethylene terephthalate (PET), Polyvinylidene Fluoride
(PVDF), polyetheretherketone (PEEK), etc.0 The coupon magazine 126 may be machi
ned with precise features to specific tolerances as desired.d The coupon magazin
e 126 may be configured to be securely and accurately position a substrate of an
y suitable geometric size, shape, and thickness between, over, or under any suit
able combination of proximity heads.O Proximity heads as described herein and de
scribed herein may also be known as MVIV manifolds.O The coupon magazine 126 may
be used on any suitable lab test fixture or in any suitable production apparatu
s that may use proximity heads.O The docking station 120 may be made substantial
ly planar to the wafer surface by adjusting or leveling the couple magazine 126
as discussed in reference to Figure 7.0 In one embodiment, either or both of the
coupon magazine 126 or the coupon magazine mount 128 may be adjusted to make th
e docking station 120 coplanar with the wafer surface.ld Therefore, the coupon ma
gazine 126 is extremely flexible in use and may intelligently and powerfully opt
imize wafer processing operations.

[0038]Figure 4 depicts a more detailed view of the couple magazine 126 with a po
rtion of the proximity head 106 showing inlets and outlets in accordance with on
e embodiment of the present invention.O In one embodiment, by varying the shape

and size of the top portion 122 and the bottom portion 124, the coupon assembly

126 may be configured to hold the docking station 120 of any specific shape, suc
h as, for example, a 200 mm docking state, a 300 mm docking state, etc.d The cou
pon magazine 126 may also hold any suitable random shape wafer of varied size an
d thickness.O

[0039]Figure 5 shows the coupon magazine 126 without the proximity heads 106 in
accordance with one embodiment of the present invention.O In one embodiment, cou
pon magazine 126 has a sight window 140 through which may provide access to mech
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anically as well as visually inspect the proximity head 106a and the proximity h
ead 106b as shown in exemplary form in Figure 2.0 In this way the distance betwe
en the proximity heads 106a and 106b as well as the distance of the proximity he
ads 106a and 106b may be determined.O

[0040]Figure 6 shows a top view of the coupon magazine 126 in accordance with on
e embodiment of the present invention.Od The coupon magazine 126 as shown may inc
lude attachment openings 320 through which the coupon magazine 126 may be bolted
to the coupon magazine mount 128 as shown in Figure 2A above.O It should be app
reciate that any suitable number, types, and/or configurations of attachment ope
nings 320 may be utilized to attach the coupon magazine 126 to the coupon magazi
ne mount 128.0 In another embodiment, the coupon magazine 126 may be attached to
the coupon magazine mount by bonding without use of attachment openings 320.0
The coupon magazine 126 therefore may be removed at attached to the coupon magaz
ine mount 128 in a manner so different coupon magazines with different docking s
tations may be interchanged in a convenient and time saving manner.[

[0041]1In one embodiment, a portion of the outer edge of the docking state 120 is
sandwiched between the top portion 122 and the bottom portion 124 of the coupon
magazine 126.0 In this way, the docking station 120 may held securely during wa

fer processing operations.d Although the docking station 120 is shown as having

an opening in an interior portion, it should be appreciated that the docking sta
tion 120 may have any suitable configuration that would enable the fluid meniscu

s to travel from the wafer to the docking station (and vice versa) without menis

cus breakdown.O It should be appreciated that although the coupon magazine 126 i

s shown as being rectangular in shape, the coupon magazine 126 may be any suitab
le shape and/or configuration as long as the docking station 120 may be held sec

urely and the proximity heads can move on and off of the docking station 120 wit

hout interference.d In another embodiment, the coupon magazine may also have any
suitable number of pieces such as, for example, 1, 2, 3, 4, 5, etc. as long as
the docking station 120 may be held and positioned in the manner described herei

n.

[0042]Figure 7 illustrates a leveling mechanism in accordance with one embodimen
t of the present invention.O In one embodiment the leveling mechanism enables th
e moving of the coupon magazine in a vertical plane so the docking station 120 m
ay be made substantially coplanar with the wafer 108.0 1In one embodiment, the t
op portion 122 of the coupon magazine 126 may include an access port 288 which 1
eads to a screw 290 that ends with a ball detent 262 in the coupon magazine moun
t 128.0 The screw 290 may also include a spring.O The ball detent 262 which may
contact the coupon assembly mount 128. In one embodiment, the spring 264 may hav
e a force of between about 5 to 15 Ibs.0O By turning the screw 290 the ball deten
t 262 may be moved vertically and then the couple magazine 126 and in turn the d
ocking state 120 may be moved vertically.O Therefore, the coupon magazine 126 ma
y be moved in a vertical manner so the docking station 120 is made substantially

level with the wafer 108.0 In one embodiment, the coupon magazine 126 may be mo
ved vertically as shown by distance 280.0 It should be appreciated that the appa
ratus and method shown to move the coupon magazine 126 is just exemplary in natu
re and any other suitable manner of moving the coupon magazine 126 may be utiliz
ed.
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[0043]Figure 8 shows the top portion 122 of the coupon magazine 126 in accordanc
e with one embodiment of the present invention.O The top portion 122 may include
any suitable number and or type of attachment openings to both attach the top p
ortion 122 to the coupon magazine mount 128 and the bottom portion 124.0 In one

embodiment, the top portion 122 may have the attachment openings 320 for bolting
the top portion 122 to the coupon magazine mount 128.0 The top portion 122 may

also have attachment openings 202 which may be utilized to bolt the top portion

122 to the coupon magazine mount 128.0 The top portion 122 also may include an i
ndentation 322 which may (when combined with the bottom portion 124) generate th
e sight window 140 as discussed above in reference to Figure 5.

[0044]Figure 9 illustrates the bottom portion 124 of the coupon magazine 126 in
accordance with one embodiment of the present invention.Od The bottom portion 124
may include attachment openings 390 which may be aligned with the attachment op
enings 320 of the top portion 122.0 Therefore, by using the attachment openings
390, the bottom portion 124 may be bolted onto the top portion 122 to generate t
he coupon magazine 126.0 It should be appreciated that any suitable manner of at
tachment may be used to connect the top portion 122 to the bottom portion 124 su
ch as, for example, gluing, bonding, etc.O It should also be understood that the
bottom portion 124 may have any suitable number and/or configurations of attach
ment openings 390.0

[0045]The bottom portion 124 may also have an indentation 380 which when combine
d with the indentation 322 of the top portion may generate the sight window 140.
O In this manner, the location of the proximity heads with respect to each other
and with respect to the docking station 120 may be visually and/or mechanically
accessed.d In addition, the bottom portion 124 may also have a recess 392 which
substantially surrounds the perimeter of an internal portion of the bottom port
ion 124.0 The recess 392 may be configured so that the periphery of the docking
station 120 fits within the recess 392 to provide a secure and snug attachment.
O The following describes an exemplary proximity head that can generate a fluid
meniscus.l

[0046]The following figures describe an exemplary wafer processing system with a
n exemplary proximity head that can generate a fluid meniscus.O It should be app
reciated that any suitable type of system with any suitable type of proximity he
ad that can generate a fluid meniscus can be used with the embodiments of the pr
esent invention described herein.O O

[0047]Figure 10 shows a wafer processing system 1100 in accordance with one embo
diment of the present invention.O It should be appreciated that any suitable man
ner of holding or moving the wafer can be used such as, for example, rollers, pi
ns, platen, etc.0d The system 1100 may include rollers 1102a, 1102b, and 1102c wh
ich can hold and rotate a wafer to enable wafer surfaces to be processed.d The s
ystem 1100 may also include proximity heads 106a and 106b that, in one embodimen
t, can be attached to an upper arm 1104a and to a lower arm 1104b respectively.
The upper arm 1104a and the lower arm 1104b can be a part of a proximity head c
arrier assembly 1104 which enables substantially linear movement of the proximit
y heads 106a and 106b along a radius of the wafer.Od 1In one embodiment the proxi
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mity head carrier assembly 1104 may be configured to hold the proximity head 106
a above the wafer and the proximity head 106b below the wafer in close proximity
to the wafer.O This may be accomplished by having the upper arm 1104a and the 1
ower arm 1104b be movable in a vertical manner so once the proximity heads are m
oved 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 w
afer.d In another embodiment, the fluid meniscus may be formed between the two p
roximity heads 104a and 104b and moved onto the top and bottom surface of the wa
fer. The upper arm 1104a and the lower arm 1104b may be configured in any suitab
le way so the proximity heads 106a and 106b can be moved to enable wafer process
ing as described herein.O It should also be appreciated that the system 1100 may
be configured in any suitable manner as long as the proximity head(s) may be mo
ved in close proximity to the wafer to generate and control a meniscus on the wa
fer surface.O In another exemplary embodiment, the proximity head 106 may be loc
ated at a first end of an arm which rotates around an axis defined by a second e
nd of the arm.O Therefore, in such an embodiment, the proximity head may be move
d in an arc over the surface of the wafer.O In yet another embodiment, the arm m
ay be moved in a combination of a rotational movement and a linear movement.O Al
though shown with a proximity head 106 for each side of the wafer, a single head
can be used for a single side of a wafer.d Other surface preparation processes
can be performed on sides where no proximity head 106 is used, such as a wafer s

crub brush.

[0048]1In another embodiment, the system 1100 may include a proximity head dockin
g station that has a transition surface adjacent to the wafer.d In such an embod
iment, the fluid meniscus may transition between a docking station and the surfa
ce of the wafer while in a controlled and managed state.l Again, if only one sid
e of the wafer is desired to be processed, one arm with one proximity head may b
e utilized.

[0049]Figure 11A illustrates a proximity head 106 performing a wafer processing
operation in accordance with one embodiment of the present invention.O The proxi
mity head 106, in one embodiment, moves while in close proximity to the top surf
ace 108a of the wafer 108 to conduct the wafer processing operation.O It should
be appreciated that depending on the type of fluid applied to the wafer 108, the
fluid meniscus 140 generated by the proximity head 106 on the wafer surface 108
a may be any suitable wafer processing operation such as, for example, cleaning,
rinsing, drying, etching, plating, etc.O It should be appreciated that the prox
imity head 106 may also be utilized to process the bottom surface 108b of the wa
fer 108.0 1In one embodiment, the wafer 108 may be rotated so the proximity head
106 may be moved while fluid meniscus processes the top surface 108a.0 In anoth
er embodiment, the wafer 108 may be held still while the proximity head 106 gene
rates the fluid meniscus on the wafer surface.ld Then the proximity head may move
or scan over the wafer surface and therefore move the fluid meniscus along the
surface of the wafer.O In yet another embodiment, the proximity head 106 may be

made large enough so the fluid meniscus encompasses the surface area of the enti
re wafer.d In such an embodiment, by applying the fluid meniscus to the surface

of the wafer the entire surface of the wafer may be processed without movement o
f the proximity head.O
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[0050]In one embodiment, the proximity head 106 includes source inlets 1302 and

1306 and a source outlet 1304.0 In such an embodiment, isopropyl alcohol vapor i
n nitrogen gas IPA/N, 1310 may be applied to the wafer surface through a source

inlet 1302, vacuum 1312 may be applied to the wafer surface through a source out
let 1304, and a processing fluid 1314 may be applied to the wafer surface throug
h a source inlet 1306.0

[0051]In one embodiment, the application of the IPA/N, 1310 and the processing T
luid 1314 in addition to the application of the vacuum 1312 to remove the proces
sing fluid 1314 and the I1PA/N, 1310 from the wafer surface 108a can generate the
fluid meniscus 140.0 The fluid meniscus 140 may be a fluid layer defined betwee
n the proximity head 106 and the wafer surface that can be moved across a wafer
surface 108a in a stable and controllable manner.O In one embodiment, the fluid
meniscus 140 may be defined by a constant application and removal of the process
ing fluid 1314.0 The fluid layer defining the fluid meniscus 140 may be any suit
able shape and/or size depending on the size, number, shape, and/or pattern of t
he source inlets 1306, source outlets 1304 and source inlets 1302.0

[0052]1In addition, any suitable flow rates of the vacuum, IPA/N,, vacuum, and th
e processing fluid may be used depending on the type of fluid meniscus desired t
0 be generated.d In yet another embodiment, depending on the distance between th
e proximity head 106 and the wafer surface, the IPA/N, may be omitted when gener
ating and utilizing the fluid meniscus 106.0 In such an embodiment, the proximit
y head 106 may not include the source inlet 1312 and therefore only the applicat
ion of the processing fluid 1314 by the source inlet 1306 and the removal of the
processing fluid 1314 by the source outlet 1304 generates the fluid meniscus 14
0.

[0053]1In other embodiments of the proximity head 106, the processing surface of
the proximity head 106 (the region of the proximity head where the source inlets
and source outlets are located) may have any suitable topography depending on t
he configuration of the fluid meniscus to be generated.d In one embodiment, the

processing surface of the proximity head may be either indented or may protrude
from the surrounding surface.

[0054]Figure 11B shows a top view of a portion of a proximity head 106 in accord
ance with one embodiment of the present invention.O It should be appreciated tha
t the configuration of the proximity head 106 as described in reference to Figur
e 8B is exemplary in nature.d Therefore, other configurations of proximity heads
may be utilized to generate the fluid meniscus as long as the processing fluid

can be applied to a wafer surface and removed from the wafer surface to generate
a stable fluid meniscus on the wafer surface.d In addition, as discussed above,
other embodiments of the proximity head 106 do not have to have the source inle
t 1316 when the proximity head 106 is configured to generate the fluid meniscus
without usage of N,/IPA.O

[0055]In the top view of one embodiment, from left to right are a set of the sou
rce inlet 1302, a set of the source outlet 1304, a set of the source inlet 1306,
a set of the source outlet 1304, and a set of the source inlet 1302.0 Therefore
, as N,/IPA and processing chemistry are inputted into the region between the pr



(36) JP 2005-294835 A 2005.10.20

oximity head 106 and the wafer 108, the vacuum removes the N,/IPA and the proces
sing chemistry along with any fluid film and/or contaminants that may reside on
the wafer 108.0 The source inlets 1302, the source inlets 1306, and the source o
utlets 1304 described herein may also be any suitable type of geometry such as f
or example, circular opening, triangle opening, square opening, etc.O 1In one enm
bodiment, the source inlets 1302 and 1306 and the source outlets 1304 have circu
lar openings.d It should be appreciated that the proximity head 106 may be any s
uitable size, shape, and/or configuration depending on the size and shape of the
fluid meniscus 106 desired to generated. In one embodiment, the proximity head
may extend less than a radius of the wafer.Od In another embodiment, the proximi
ty head may be extend more than the radius of the wafer.O In another embodiment,
the proximity head may extend greater than a diameter of the wafer.O Therefore,
the size of the fluid meniscus may be any suitable size depending on the size o
f a wafer surface area desired to be processed at any given time.O In addition,
it should be appreciated that the proximity head 106 may be positioned in any su
itable orientation depending on the wafer processing operation such as, for exam
ple, horizontally, vertically, or any other suitable position in between.d The p
roximity head 106 may also be incorporated into a wafer processing system where
one or more types of wafer processing operations may be conducted.O

[0056]Figure 11C illustrates an inlets/outlets pattern of a proximity head 106 i
n accordance with one embodiment of the present invention. In this embodiment, t
he proximity head 106 includes the source inlets 1302 and 1306 as well as source
outlets 1304.0 In one embodiment, the source outlets 1304 may surround the sour
ce inlets 1306 and the source inlets 1302 may surround the source outlets 1304.

[0057]Figure 11D illustrates another inlets/outlets pattern of a proximity head
106 in accordance with one embodiment of the present invention.O In this embodim
ent, the proximity head 106 includes the source inlets 1302 and 1306 as well as
source outlets 1304.0 In one embodiment, the source outlets 1304 may surround th
e source inlets 1306 and the source inlets 1302 may at least partially surround
the source outlets 1304.

[0058]Figure 11E illustrates a further inlets/outlets pattern of a proximity hea
d 106 in accordance with one embodiment of the present invention.O In this embod
iment, the proximity head 106 includes the source inlets 1302 and 1306 as well a
s source outlets 1304.0 In one embodiment, the source outlets 1304 may surround
the source inlets 1306.0 In one embodiment, the proximity head 106 does not incl
ude source inlets 1302 because, in one embodiment, the proximity head 106 is cap
able of generating a fluid meniscus without application of IPA/N,.0O It should be
appreciated that the above described inlets/outlets patterns are exemplary in n
ature and that any suitable type of inlets/outlets patterns may be used as long

as a stable and controllable fluid meniscus can be generated.

[0059]While this invention has been described in terms of several preferred embo
diments, it will be appreciated that those skilled in the art upon reading the p
receding specifications and studying the drawings will realize various alteratio
ns, additions, permutations and equivalents thereof.O It is therefore intended t
hat the present invention includes all such alterations, additions, permutations
, and equivalents as fall within the true spirit and scope of the invention.
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3. BRIEF DESCRIPTION OF THE DRAWINGS

[0060]Figure 1 illustrates movement of cleaning fluids on a wafer during an SRD

drying process.

[0061] Figure 2A shows a wafer processing system in accordance with one embodime
nt of the present invention.O

[0062]Figure 2B illustrates an exemplary proximity head docking operation using

the docking station in accordance with one embodiment of the present invention.

[0063]Figure 2C shows a meniscus traveling off of the wafer onto the docking sta
tion in accordance with one embodiment of the present invention.

[0064]Figure 3 illustrates a close up view of the system without some of the com
ponents to show a better view of the coupon magazine in accordance with one embo
diment of the present invention.O

[0065]Figure 4 depicts a more detailed view of the couple magazine with a portio
n of the proximity head showing inlets and outlets in accordance with one embodi
ment of the present invention.[O

[0066] Figure 5 shows the coupon magazine without the proximity heads in accorda
nce with one embodiment of the present invention.O

[0067]Figure 6 shows a top view of the coupon magazine in accordance with one em
bodiment of the present invention.O

[0068]Figure 7 shows an leveling mechanism located in the coupon magazine in acc
ordance with one embodiment of the present invention.O

[0069]Figure 8 shows the top portion of the coupon magazine in accordance with o
ne embodiment of the present invention.

[0070]Figure 9 illustrates the bottom portion of the coupon magazine in accordan
ce with one embodiment of the present invention.O

[0071]Figure 10 shows a wafer processing system in accordance with one embodimen
t of the present invention.O

[0072]Figure 11A illustrates a proximity head performing a wafer processing oper
ation in accordance with one embodiment of the present invention.O

[0073]Figure 11B shows a top view of a portion of a proximity head in accordance
with one embodiment of the present invention.[O

[0074]Figure 11C illustrates an inlets/outlets pattern of a proximity head in ac
cordance with one embodiment of the present invention.

[0075]Figure 11D illustrates another inlets/outlets pattern of a proximity head

in accordance with one embodiment of the present invention.

[0076]Figure 11E illustrates a further inlets/outlets pattern of a proximity hea
d in accordance with one embodiment of the present invention.O

0 1.0 An apparatus for processing a substrate with a fluid meniscus to be applie
d to a surface of the substrate, comprising:

0 a docking surface configured to be placed adjacent to an edge of the substrate
, the docking surface being about in the same plane as the substrate, and provid
ing a transition interface to allow the fluid meniscus to enter and exit the sur
face of the substrate.

0 2.0 An apparatus for processing a substrate as recited in claim 1, wherein the
docking surface defines a docking station for the fluid meniscus.

0 3.0 An apparatus for processing a substrate as recited in claim 2, further com
prising,
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0 a coupon magazine for holding the docking station that includes the docking su
rface.

0 4.0 An apparatus for processing a substrate as recited in claim 1, wherein the
docking surface has a radial contour that matches a radial contour of the subst
rate.

O 5.0 An apparatus for use in processing a substrate, comprising:

0 a coupon magazine configured to hold a docking station for a proximity head, t
he coupon magazine being configured so the docking station is held in place adja
cent to an edge of the substrate.

O 6.0 An apparatus for use in processing a substrate as recited in claim 5, wher
ein the docking station is defined by a docking surface that provides a transiti
on interface for a fluid meniscus of the proximity head.

0 7.0 An apparatus for use in processing a substrate as recited in claim 5, wher
ein the coupon magazine includes a top portion and a bottom portion.

0 8.0 An apparatus for use in processing a substrate as recited in claim 7, wher
ein the docking station is held between the top portion and the bottom portion.

0 9.0 An apparatus for use in processing a substrate as recited in claim 5, wher
ein the docking station is a quartz material.

0 10.0 An apparatus for use in processing a substrate as recited in claim 5, whe
rein the docking station is a hydrophilic material.

0 11.0 An apparatus for use in processing a substrate as recited in claim 5, fur
ther comprising,
0 a coupon magazine mount configured to hold the coupon magazine.

0 12.0 An apparatus for use in processing a substrate as recited in claim 5, fur
ther comprising,

O a leveling mechanism configured to move the docking station to be substantiall
y coplanar with the substrate.

0 13.0 An apparatus for use in processing a substrate as recited in claim 12, wh
erein the leveling mechanism is configured to move the docking station in a vert
ical plane.

0 14.0 An apparatus for use in processing a substrate as recited in claim 12, wh
erein the leveling mechanism includes a screw configured to move a ball detent v
ertically.

0 15.0 An apparatus for use in processing a substrate as recited in claim 5, whe
rein the coupon magazine includes a sight window.

0 16.0 A method for processing a substrate, comprising:
O positioning a transition surface substantially coplanar to a substrate surface
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, the transition surface being adjacent to an edge of the substrate; and
O moving a fluid meniscus between the transition surface and the substrate surfa
ce.

O 17.0 A method for processing a substrate as recited in claim 16, wherein posit
ioning the transition surface includes leveling the transition surface.

0 18.0 A method for processing a substrate as recited in claim 17, wherein the 1
eveling is accomplished by the leveling mechanism.

0 19.0 A method for processing a substrate as recited in claim 16, wherein the t
ransition surface is a hydrophilic material.

0 20.0 A method for processing a substrate as recited in claim 16, wherein movin

g the fluid meniscus between the transition surface and the substrate surface in

cludes one of moving the fluid meniscus onto the transition surface from the sub

strate surface and moving the fluid meniscus onto the substrate surface from the
transition surface.

1. ABSTRACT

O An apparatus for processing a substrate with a fluid meniscus to be applied to
a surface of the substrate is provided which includes a docking surface configu
red to be placed adjacent to an edge of the substrate where the docking surface
is in the same plane as the substrate.d The docking surface provides a transitio
n interface to allow the fluid meniscus to enter and exit the surface of the sub

strate.

2. REPRESENTATIVE DRAWING

O OdFig. 2C
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