
PROXIMITY HEAD WITH ANGLED VACUUM CONDUIT SYSTEM, APPARATUS AND METHOD
BACKGROUND      The present invention relates generally to semiconductor
manufacturing processes, and more particularly, to methods and systems for
processing semiconductors with a proximity head.  [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 and chemical mechanical
polishing (CMP). In CMP, a wafer is placed in a holder that pushes a wafer
surface against a polishing surface. Slurry can include chemicals and
abrasive materials to cause the polishing. Unfortunately, this process
tends to leave an accumulation of slurry particles and residues at the
wafer surface. If left on the wafer, the unwanted residual material and
particles may cause, among other things, defects such as scratches on the
wafer surface and inappropriate interactions between metallization
features. In some cases, such defects may cause devices on the wafer to
become inoperable. In order to avoid the undue costs of discarding wafers
having inoperable devices, it is therefore necessary to clean the wafer
adequately yet efficiently after fabrication operations that leave unwanted
residues.  [3] 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. If the cleaning fluid on the wafer surface is
allowed to evaporate, as usually happens when droplets form, residues or
contaminants previously dissolved in the cleaning fluid will remain on the
wafer surface after evaporation (e.g., and form spots). To prevent
evaporation from taking place, the cleaning fluid must be removed as
quickly as possible without the formation of droplets on the wafer surface.



2 [4]In an attempt to accomplish this, one of several different drying
techniques is  employed, such as spin-drying and the like. These drying
techniques utilize some form of a moving liquid/gas interface on a wafer
surface that, if properly maintained, results in drying of a wafer surface
without the formation of droplets. Unfortunately, if the moving liquid/gas
interface breaks down, as often happens with all of the aforementioned
drying methods, droplets form and evaporation occurs resulting in
contaminants and/or spots being left on the wafer surface.      In view of
the forgoing, there is a need for drying technique that minimizes the
effects of droplets on the surface of the substrate or substantially
eliminates the formation of droplets on the surface of the substrate.
SUMMARY  [6] Broadly speaking, the present invention fills these needs by
providing an improved proximity head. It should be appreciated that the
present invention can be implemented in numerous ways, including as a
process, an apparatus, a system, computer readable media, or a device.
Several inventive embodiments of the present invention are described below.
[7] One embodiment provides a proximity head including a head surface. The
head surface including a first flat region and a plurality of first
conduits. Each one of the plurality of first conduits being defined by
corresponding one of a plurality of first discrete holes. The plurality of
first discrete holes residing in the head surface and extending through the
first flat region. The head surface also including a second flat region and
a plurality of second conduits. The plurality of second conduits being
defined by a corresponding plurality of second discrete holes that reside
in the head surface and extend through the second flat region. The head
surface also including a third flat region disposed between and adjacent to
the first flat region and the second flat region and a plurality of third
conduits. The plurality of third conduits being defined by a corresponding
plurality of third discrete holes that reside in the head surface and
extend through the third flat region. The third conduits being formed at a
first angle relative to the third flat region. The first angle being
between 30 and 60 degrees.  



3 [8] The first conduits can be coupled to a first liquid source and
provide the first liquid to the head surface. The second conduits can be
coupled to a second fluid source and provide the second fluid to the head
surface. The third conduits can be coupled to a vacuum source and provide a
vacuum to the head surface. The third discrete holes can be formed along a
trailing edge. The first conduits can be formed at a first angle relative
to the first flat region, the second angle being between 30 and 60 degrees.
[9] The first discrete holes can be formed in a first row, the second
discrete holes can be formed in a second row and the third discrete holes
can be formed in a third row. The first row, the second row and the third
row being substantially parallel and wherein the third row can be disposed
between the first row and the second row.  [10] The second conduits can be
formed at a second angle relative to the second fiat region, the second
angle being between 30 and 60 degrees, wherein the second conduits are
directed away from the third row.  [11] The proximity head can also include
a fourth flat region being disposed on the opposing side of the first row
from the third row. The fourth flat region being in a plane substantially
parallel to and offset from the first flat region. The second row and the
third row can be separated by a distance of between about 0.5 inches and
about 0.75 inches.  [12] The third flat region can be in a plane
substantially parallel to and offset from the first flat region. The offset
between the third flat region and the first flat region can be between
about 0.020 inches to about 0.080 inches. The third row can be formed in
the third flat region at the offset to the first flat region.  [13] The
third discrete holes can be chamfered. The proximity head can also include
a first chamber coupled to the first conduits, a second chamber coupled to
the second conduits and a third chamber coupled to the third conduits.
[14] Another embodiment provides a proximity head including a head surface,
the head surface including a first flat region and a plurality of first
conduits. Each one of the first conduits being defined by corresponding one
of a plurality of first discrete holes. The first discrete holes residing
in the head surface and extending through the  



4  first flat region. The head surface also includes a second flat region
and a plurality of second conduits. The second conduits being defined by a
corresponding plurality of second discrete holes that reside in the head
surface and extend through the second flat region. The head surface also
includes a third flat region disposed between and adjacent to the first
flat region and the second flat region and a plurality of third conduits.
The third conduits being defined by a corresponding plurality of third
discrete holes that reside in the head surface and extend through the third
flat region. The third conduits being formed at a first angle relative to
the third flat region. The first angle being between 30 and 60 degrees. The
third discrete holes are formed along a trailing edge and a fourth flat
region being disposed on the opposing side of the first row from the third
row. The fourth flat region being in a plane substantially parallel to and
offset from the first flat region. The third flat region being in a plane
substantially parallel to and offset from the first flat region.  [15] Yet
another embodiment provides a method for a making a proximity head
including forming a first chamber, a second chamber and a third chamber in
a proximity head. Forming a plurality of first conduits from a head surface
to the first chamber. Forming a plurality of second conduits from a head
surface to the second chamber and forming a plurality of third conduits
from a head surface to the third chamber, wherein the third conduits being
formed at a first angle relative to the head surface, the first angle being
between 30 and 60 degrees.  [16] The method can also include forming a
first flat region on the head surface, forming a second flat region on the
head surface and forming a third flat region on the head surface. The third
flat region being disposed between and adjacent to the first flat region
and the second flat region. The third flat region being in a plane
substantially parallel to and offset from the first flat region.  [17] The
method can also include forming a fourth flat region. The fourth flat
region being in a plane substantially parallel to and offset from the first
flat region. The proximity head can be formed from a single work piece.
[18] Yet another embodiment provides a method of processing a substrate
with a proximity head. The method includes placing a proximity head in
close proximity to a surface of the substrate and in a first plane
substantially parallel to the substrate  5  surface, forming a liquid
meniscus between a first flat region of a head surface of the proximity
head and the substrate surface and applying a vacuum to a trailing edge of
the liquid meniscus, wherein the vacuum draws a substantially continuous
flow of liquid from the liquid meniscus. The liquid meniscus can include a
leading edge and wherein the head surface can include a second flat region,
the second flat region being in a plane substantially parallel to and
offset from the first flat region, wherein the second flat region is offset
to be nearer to the substrate surface than the first flat region and
wherein the liquid meniscus includes a leading edge formed between the
second flat region and the substrate surface. 



[19] Other aspects and advantages of the invention will become apparent
from the following detailed description, taken in conjunction with the
accompanying drawings, illustrating by way of example the principles of the
invention. BRIEF DESCRIPTION OF THE DRAWINGS [20] The present invention
will be readily understood by the following detailed description in
conjunction with the accompanying drawings.  [21] Figure lA illustrates a
proximity head performing an operation on a surface of a substrate, in
accordance with one embodiment of the present invention.  [22] Figure 1B is
a view of the head surface of the proximity head, in accordance with an
embodiment of the present invention.  [23] Figure 1C is a flowchart of the
method operations of processing a surface 108A, in accordance with an
embodiment of the present invention.  [24] Figure 1D is a simplified
diagram of a proximity head system, in accordance with an embodiment of the
present invention.  [25] Figure 2A is a cross-sectional view of a proximity
head, in accordance with an embodiment of the present invention.  [26]
Figure 2B is a view of the head surface of the proximity head, in
accordance with an embodiment of the present invention. 



[27] Figure 2C shows a more detailed view of the third conduits and the
third chamber 208, in accordance with an embodiment of the present
invention.  6 [28] Figure 2D shows a more detailed view of the third
conduits and the third chamber 208, in accordance with an embodiment of the
present invention. [29] Figure 2E is a flowchart of the method operations
of forming the proximity head, in accordance with an embodiment of the
present invention. [30] Figure 3 is an isometric view of the proximity
head, in accordance with an embodiment of the present invention. [31]
Figure 4 is a flowchart of the method operations of processing a surface,
in accordance with an embodiment of the present invention. DETAILED
DESCRIPTION 



[32] Several exemplary embodiments for a proximity head will now be
described. It will be apparent to those skilled in the art that the present
invention may be practiced without some or all of the specific details set
forth herein.  [33] Figure 1A illustrates a proximity head 100 performing
an operation on a surface 108A of a substrate 108, in accordance with one
embodiment of the present invention. The proximity head 100 can move
relative to and while in close proximity to the top surface 108A of an item
being processed 108. The item 108 being processed can be any type of item
(e.g., a metal item, a ceramic, a plastic, a semiconductor substrate, or
any other desired item). It should be appreciated that the proximity head
100 may also be utilized to process (e.g., clean, dry, etch, plate, etc.) a
bottom surface 1088 of the item 108.  [34] The proximity head 100 includes
one or more first conduits 112A for delivering a first fluid 112 to a head
surface 110A of the proximity head. The proximity head 100 also includes
one or more second conduits 114A for delivering a second fluid 114 to the
head surface 110A. The second fluid 114 can be different than the first
fluid 112 as will be discussed in more detail below. The proximity head 100
also includes multiple third conduits 116A for removing the first fluid 112
and the second fluid 116 from the head surface 110A.   [35] Figure 1B is a
view of the head surface 110A of the proximity head 100, in accordance with
an embodiment of the present invention. The head surface 110A includes
substantially flat regions 110B, 110C, 110D. The substantially flat region
7 110B includes one or more discrete holes 112B that define the opening to
one of the corresponding first conduits 112A. Similarly, the substantially
flat region 110C includes one or more discrete holes 114B that define the
opening to one of the corresponding second conduits 114A and the
substantially flat region 110D includes one or more discrete holes 116B
that define the opening to one of the corresponding third conduits 116A.
The discrete holes 112B, 114B and 116B can be any desirable shape (e.g.,
substantially round, elliptical, etc.), the same or different sizes. By way
of example, the discrete holes 112B can be smaller or larger than discrete
holes114B and 116B.  [36] It should be understood that the proximity head
100 described in Figures lA and 1B is a simplified exemplary proximity
head. The proximity head 100 can be in many different shapes and sizes. For
example, the proximity head can be round, elliptical, annular and any other
desired shape. Similarly, the meniscus 102 can be any desired shape as may
be defined by the arrangement of the discrete openings 112B, 114B and 116B
including but not limited to round, elliptical, rectangular, annular,
concave, etc. Further the flat regions 110B, 110C and 110D can be any
shape. By way of example, the flat region 110B can be circular,
rectangular, elliptical or any other shape desired. The second flat region
110C including the third discrete holes 116B can fully encompass the flat
region 110B or only a portion of the flat region 110B. Similarly, the third
flat region 110D including the second discrete holes 114B can fully
encompass the flat regions 110B and 110C or only a portion of the flat
regions 110B and 110C. By way of example, the second discrete holes 114B
can be limited to only the trailing edge 104B and/or the leading edge 104A
and/or one or more portions of the sides 104C and 104D, such as described
in one or more of the above referenced co-pending applications which are
incorporated by reference in their entirety for all purposes. [37] Figure
1C is a flowchart of the method operations 150 of processing a surface
108A, in accordance with an embodiment of the present invention. In an
operation 152, the proximity head 100 is placed in close proximity to the
substrate surface 108A for processing. The close proximity H as shown in
Figure IA can be from about 5 mm to less than about 0.5 mm. 



8 [38] In an operation 154, a liquid 112 is output from one or more first
conduits 112A and the corresponding discrete hole 112B to form a
controlled, contained, liquid meniscus 102 between the head surface 110A
and the substrate surface 108A. The surface tension of the liquid 112
causes the liquid to be "attached" or attracted to both the head surface
110A and the substrate surface 108A. As a result, the outer walls 104a,
104B of the meniscus 102 are formed as the surface of the liquid 112 is
drawn between the head surface 110A and the substrate surface 108A. The
liquid 112 can be any suitable liquid solution for the desired process. By
way of example the liquid 112 can be water, de-ionized water (DIW), a
cleaning fluid, an etching solution, a plating solution, etc.  [39] In an
operation 156, a vacuum is applied to one or more of the third conduits
116A. The vacuum draws the liquid 112 from the meniscus 102 into the
discrete holes 116B and into the corresponding conduits 116A. The liquid
112 drawn from the meniscus 102 can be more or less than the amount of
liquid flowing into the meniscus from the first conduits 112A. Bay way of
example, there may be a greater number of third conduits 116A than there
are first conduits 112A in the proximity head 100. Further, as the meniscus
102 is moved across the surface 108A, the meniscus can gather additional
liquids and other contaminants from the surface.  [40] Each one of the
third conduits 116A and the corresponding discrete holes 116B can at least
partially surround the first discrete holes 112B so that the proximity head
100 can contain the meniscus between the head surface 110A and the
substrate surface 108A. A quantity of the first liquid 112 can flow through
the meniscus to provide a very controlled processing of the substrate
surface 108A. By way of example, the first liquid 112 can be an etching
chemistry for etching the substrate surface 108A. As the etching chemistry
reacts with the substrate surface 108A, the reaction residues become
entrained in the etching chemistry and the resulting contamination could
reduce the concentration and etching capability of the etching chemistry.
As the etching chemistry 112A is drawn away from the meniscus 102 through
the third conduits 116A, the reaction residues and other contamination are
carried away from the meniscus. Simultaneously, additional non-contaminated
etching chemistry is supplied to the meniscus 102 through the first
conduits 112A.  9 [41] In an operation 160, the proximity head 100 can be
moved relative to the substrate 108 (e.g., in direction 122) so as to move
the meniscus 102 along the substrate surface 108A. The side 104A forms a
leading edge of the meniscus 102 as the meniscus moves along the substrate
surface 108A in direction 122. The meniscus 102 can remove contaminants 120
that are on the substrate surface 108A. The contaminant 120 can be a liquid
droplet, a solid residue or any other contaminants and combinations thereof
(e.g., solid contaminates in a liquid solution).  [42] The side 104B forms
a trailing edge of the meniscus 102 as the meniscus moves along the
substrate surface 108A in direction 122. The surface tension of the liquid
in the meniscus 102 causes substantially all liquids on the substrate
surface 108A to be removed with the meniscus. In this manner the meniscus
102 can perform a drying operation by removing all liquid contaminants from
the substrate surface 108A. Similarly, the meniscus 102 can perform a
dry-in-dry-out processing operation by applying a, for example, a wet
etching or plating chemistry to the substrate surface 108A in the meniscus
and the trailing edge 104B will remove all liquids from the etching or
plating process. 



[43] Moving the meniscus 102 across the substrate surface 108A can also
include moving the meniscus across the substrate surface and off the edge
of the substrate surface to a second surface 124 as described in one or
more of the above referenced co-pending patent applications.  [44] In an
optional operation 158, a second fluid 114 can be applied to the substrate
surface 108A. The second fluid 114 can be a surface tension controlling
fluid. The surface tension controlling fluid can be one or more of
isopropyl alcohol (IPA) vapor, nitrogen, organic compounds, hexanol, ethyl
glycol, CO2 gas, and other compounds miscible with water or combinations
thereof. By way of example an IPA vapor can be carried by an inert carrier
gas, such as nitrogen, and carried to the substrate surface 108A.  [45] The
proximity head 100 does not physically contact the substrate 108. Only the
first liquid 112 and the second fluid 114 contact the substrate 108.  10
[46] The proximity head 100 can also include additional instruments or
heaters or other monitors 118. The additional instruments or heaters or
other monitors 118 can be used to monitor the liquid 112 or the process
being applied to the substrate surface 108A by the meniscus 102. By way of
example the additional instruments or heaters or other monitors 118 can
heat or cool the 112 and measure the surface (e.g., thickness of a layer on
the surface 108 or the thickness of the substrate 108 or a depth of a
surface feature) or the concentration or other chemical aspects (e.g., ph
level, conductivity, etc.) of the liquid 112 or any other aspect as
desired. These embodiments are described in more detail in one or more of
the above referenced co-pending applications. [47] Figure 1D is a
simplified diagram of a proximity head system 170, in accordance with an
embodiment of the present invention. The proximity head system 170 includes
a process chamber 180, a controller 172, a vacuum source 116', a first
liquid source 112', a second fluid source 114'. The first liquid source
112', the second fluid source 114, and the vacuum source 116' are coupled
to the corresponding conduits 112, 114, 116 through appropriate control
valves or other flow controlling mechanisms controlled by the controller
172.  [48] The process chamber 180 can support more than one process. By
way of example the process chamber 180 can support a plasma etching process
and the proximity head 100 so that the plasma etching process can etch the
item 108 and the proximity head can then rinse, clean and dry the item,
insitu, within the single process chamber. The process chamber 180 can also
be coupled to multiple other process chambers 182, 184, 186 such as are
commonly referred to as a cluster tool.  [49] The proximity head system 170
can also include a second proximity head 100' capable of processing a
second surface 108B of the item 108. The proximity head system 170 can also
include instruments 174 for monitoring the processes applied to the item
108. The proximity head system 170 can also include an actuator 176 coupled
to the proximity head 100 and capable of supporting and/or moving the
proximity head. 



[50] The controller 172 can also include a recipe 178. The recipe 178
defines the parameters of the processing in the process chamber. The
controller 172 is coupled to  11 the processing chamber 180 and the
proximity head 100 and other portions of the processing chamber as needed
for controlling the processing in the process chamber. The controller 172
also includes logic 172A for implementing the recipe 178 in the processes
in the processing chamber 180. The logic 172A can also include the
capability to monitor the results of the processes and adjust or modify one
or more aspects of the recipe according to monitored results. [51] The item
108 can be moved relative to the proximity head 100. By way of example, the
item can be a semiconductor wafer and can be rotated relative to the
proximity head 100. Similarly, the item 108 can be substantially fixed in a
single location and the proximity head 100 can be moved across the surface
108A of the item. It should also be understood that both the item 108 and
the proximity head 100 can be movable. The relative motion of the proximity
head 100 can be substantially, linear across the surface 108A or can be
moved in a circular or spiral fashion. The motion of the proximity head 100
can be also be specifically moved from one location to another on the
surface 108A as may be desired for a particular process being applied to
the surface.  [52] Figure 2A is a cross-sectional view of a proximity head
200, in accordance with an embodiment of the present invention. Figure 2B
is a view of the head surface 210 of the proximity head 200, in accordance
with an embodiment of the present invention. The proximity head includes a
first liquid chamber 204. The first conduits 112A connect the first
discrete holes 112B to the first chamber 204. The first liquid source 112'
is coupled to the first chamber 204 as described above. The first liquid
chamber 204 distributes the first liquid 112 to the first conduits 112A and
to the head surface 210 through the corresponding discrete holes 112B to
form the meniscus 102 between the head surface and the substrate surface
108A.  [53] The proximity head 200 also includes a second chamber 206
connected to the second discrete holes 114B by the second conduits 114A.
The second fluid source 114' is coupled to the second fluid liquid supply
chamber 206 as described above. The second chamber 206 distributes the
second fluid 114 to the second conduits 114A and to the head surface 210
through the corresponding discrete holes 114B.  12 



[54] The proximity head 200 also includes a third chamber 208 connected to
the discrete holes 116B by the third conduits 116A. The vacuum source 116'
is coupled to the third supply chamber 208 as described above. The third
chamber 208 distributes a vacuum to the third conduits 116A and to the head
surface 210 through the corresponding discrete holes 116B. The vacuum can
draw the first liquid 112 and the second fluid 114 the head surface 210
(e.g., from the meniscus 102 and/or from the space between the head surface
210 and the substrate surface 108A). [55] Figure 2C shows a more detailed
view 230 of the third conduits 116A and the third chamber 208, in
accordance with an embodiment of the present invention. The third conduits
116A are formed substantially perpendicular (i.e., angle?. is equal to
about 90 degrees) to the head surface 210. The third conduits 116A have a
diameter of between about 0.5 mm and about 2.0 mm (i e., about 0.020" and
about 0.80"). In operation, the vacuum draws the liquid into the third
conduits 116A and due to the relatively small diameter the liquid adheres
to the sides of the conduit forming multiple small quantities of liquid
220. The multiple small quantities of liquid 220 are drawn from the
meniscus 102 interspersed with pockets 222 of the immediate atmosphere
around the meniscus. As a result, the air flow created by the vacuum
present in the third chamber 208 is intermittently interrupted by each one
of the multiple small quantities of liquid 220 in the third conduit 116A.
Therefore the air flow is periodically interrupted and the vacuum is not
continuously and uniformly applied to the meniscus 102.  [56] The
interruptions in the vacuum results in pressure fluctuations 224 that are
disseminated throughout the meniscus 102. The pressure fluctuations can
burst the leading edge 104A of the meniscus 102 causing liquid droplets 226
to be expelled from the meniscus 102.  [57] Referring to the proximity head
100 described in Figures lA and 1B above, the vacuum is applied
substantially around the circumference of the meniscus 102. As a result,
any droplets (e.g., such as droplets 226 shown in Figure 2C) that are
expelled from one or more edges 104A-104D of the meniscus 102 are quickly
collected by the vacuum. Unfortunately, the applying the vacuum
substantially around the circumference of the meniscus 102 requires a very
complex vacuum distribution  13  system within the proximity head. The
complex distribution system has required the proximity head 100 be
manufactured in several layers and many parts. For example, the head
surface 110A and facia block 110 are formed as shown in Figures lA and 1B.
The vacuum distribution system is formed in one or more additional blocks
109 that are then mechanically sealed to the top surface 111 of the facia
block 110 to form the completed proximity head. Depending on the precise
application, the proximity head 100 can include multiple parts, seals to
distribute, manage and seal the various liquids, fluids and vacuum within
the proximity head.  [58] Figure 2D shows a more detailed view 240 of the
third conduits 116A' and the third chamber 208, in accordance with an
embodiment of the present invention. The third conduits 116A' are formed at
an angle 0 to the head surface 210. 0 is less than 90 degrees and can be
between about 15 and about 60 degrees from the head surface 210. By way of
example, the third conduits 116A' can be formed at an angle of about 30
degrees to the head surface 210.  [59] Forming the third conduits 116A' at
an angle less than 90 degrees to the head surface causes the liquid to be
drawn up the conduits in a more spiral fashion 242 rather than the
segmented fashion 220 described above in Figure 2C. As the liquid is drawn
up the conduits 116A' the liquid moves substantially continuously up the
conduits 116A' and into the third chamber 208. Therefore the air flow is
not interrupted and vacuum pressure remains unchanged and the meniscus 102
is not disrupted and no droplets are expelled from the meniscus. As a
result, the proximity head 200 does not require a vacuum along the leading
edge 104A of the meniscus 102. Therefore, the proximity head 200 can be
manufactured from a single block of material. 



[60] As the liquid moves substantially continuously up the conduits 116A'
less force is needed to draw the liquid into the conduits 116A'. The
reduced force correlates to a lower vacuum level. By way of example, a
proximity head with substantially perpendicular conduits 116A (as shown in
Figure 2C) requires a vacuum level of between about 130 nun and 180 mm of
mercury. In comparison, the continuous flow provided by the angled conduits
116A' requires between about 60 mm and about 100 mm of mercury.  14 [61]
Figure 2E is a flowchart of the method operations 250 of forming the
proximity head 200, in accordance with an embodiment of the present
invention. In an operation 255, a proximity head blank (e.g., a single
block of material) is selected and the first chamber 204 is formed in the
proximity head blank. The proximity head blank can be any suitable material
(e.g., a plastic, ceramic, metal, glass, etc.) that is suitable for the
processing environment and the chemistry being applied during the
processing and capable of maintaining the shape and size during
manufacturing and use in the processing. By way of example the proximity
head 200 can be formed from stainless steel or PTFE (commonly referred to
at Teflon) or any other suitable material.  [62] In an operation 260, the
second chamber 206 is formed in the proximity head blank and in operation
265 the third chamber 208 is formed in the proximity head blank. The first
chamber 204, the second chamber 206 and the third chamber 208 can be formed
in the proximity head blank by machining (e.g., mill or drill, etc.) or by
molding or casting or any other suitable manufacturing method.  [63] In
operations 270, 275 and 280, respectively, the first conduits 112A, the
second conduits 114A and the third conduits 116A' are formed in the
proximity head blank. The first conduits 112A, the second conduits 114A and
the third conduits 116A' can be formed by appropriate machining processes
(e.g., drill or milling or combinations thereof. By way of example the
first conduits 112A, the second conduits 114A and the third conduits 116A'
can be formed by drilling the corresponding discrete holes 112B, 114B and
116B in the head surface at the corresponding desired angles (e.g., 0, a).
[64] In an operation 285, the precise contour of the head surface 210 is
formed on the proximity head. The head surface 210 can be formed by any
suitable means (e.g., molding, machining, cutting, etc.).  [65] Referring
again to Figure 2A, 2B and 2D, the head surface 210 have many features. The
head surface 210 includes multiple flat regions 210A, 210A', 210B, 210C and
210D. The second flat region 210B is the portion of the head surface 210 in
contact with most of the meniscus 102. The meniscus 102 has a thickness H
of between about 0.25 nun and about 5.0 mm (i.e., 0.010" to about 0.200").



15  [66] The first flat region 210A is offset from and in a plane
substantially parallel to the second flat region 210B. The offset is a
distance D1 of between about 0.25H to about 0.5H so that first flat region
210A is closer to the substrate surface 108A than the second flat region
210B. Having the first flat region 210A closer to the substrate surface
108A while in operation results in the leading edge 104A being physically
shorter than the trailing edge 104B (e.g., the trailing edge has a length
of about H where the leading edge has a length of 0.5 H to 0.75 H). As a
result, the adhesion forces that form the leading edge 104A are
substantially stronger and therefore the leading edge is correspondingly
stronger and more robust. This robustness further reduces the need for a
vacuum along the leading edge 104A to maintain the leading edge.  [67] The
proximity head 200 does not have any second conduits 114A and second
discrete holes 114B along the leading edge and therefore uses less of the
second fluid 114. The lack of second discrete holes 114B and the second
fluid 114 and the lack of vacuum along the leading edge 104A reduces any
premature drying that may occur ahead of the leading edge 104A. By way of
example, referring to the proximity head in Figures 1A and 1B the second
fluid 114 flowing from the conduit 114A ahead of the leading edge 104A can
dry the droplet 120 before the leading edge 104A can consume the droplet.
[68] The additional flow of the atmosphere into the vacuum conduits 116A at
the leading edge of the meniscus can also increase the atmosphere flowing
over the droplet 120 and therefore dry the droplet at least partially,
before the leading edge 104A can consume the droplet. Eliminating one or
both of the vacuum 116 and second fluid 114 that are applied to the
substrate surface 108A ahead of the leading edge 104A will reduce the
drying of the droplet 120. Drying the droplet 120 is not desirable because
contaminants within the droplet will be deposited on the substrate surface
108A. This is especially important were previous process is a wet process
(e.g., clean, or other chemical processes without a drying step) and the
proximity head is applied to rinse and/or dry the substrate surface 108A.
[69] Figure 3 is an isometric view of the proximity head 200, in accordance
with an embodiment of the present invention. As shown in Figure 3, the
first flat region 210A  16 can be extended around the ends 225A and 225B of
the first discrete holes 112B. Extending the first flat region 210A around
the ends 225A and 225B of the first discrete holes 112B further simplifies
the structure of the proximity head 200 as no vacuum needs to be applied to
maintain the sides 104C and 104D of the meniscus 102 and therefore no third
conduits 116A, third discrete holes 116B and third chamber is needed in the
area of the sides 104C and 104D of the meniscus. 



[70] Referring again to Figures 2A, 2B and 2D, a portion 210A' of the first
flat region 210A can optionally be offset from and in a plane substantially
parallel to the first flat region. The portion 210A' offset from the first
flat region 210A can assist in forming the leading edge 104A and sides 104C
and 104D of the meniscus as the leading edge and sides will form on the
first flat region as it is closer to the substrate surface 108A. The
portion 210A' is offset a distance of D1.1 from the first flat region 210A.
Distance D1.1 can be between about 0.25 to about 1.0 mm (i.e., about 0.010"
to about 0.040"). [71] The third flat region 210C can optionally be offset
from and in a plane substantially parallel to the second flat surface
region 210B. The third flat region 210C is offset a distance D2 from the
second flat surface region 210B. D2 can be between about 0.5 mm to about
2.0 mm (0.020" to about 0.080"). The offset of the third flat region 210C
assists in defining the location of the trilling edge 104B of the meniscus
102 by aiding the flow into the discrete holes 116B. The offset increases
the distance and volume of space between the third flat region 210C and the
substrate surface 108A. The increased space allows more of the immediate
atmosphere and the fluid 114 access to and to flow into the discrete holes
116B. The additional flow of the immediate atmosphere and the fluid 114
into the discrete holes 116B assists in the spiral flow 242 of the liquid
carried into the discrete holes 116B by the vacuum.  [72] Each of the
discrete holes 116B can also include a chamfer 212. The chamfer 212 further
smoothes flow of the liquid from the meniscus 102 into the discrete holes
116B. The chamfer 212 can be any suitable size and shape. By way of
example, the chamfer 212 is shown as being substantially concentric with
the discrete holes 116B. Alternatively, the chamfer 212 can be more
elliptical and extending towards the discrete holes 114B.  17 [731 The
chamfer 212 can be any suitable width D6 around the discrete holes 116B. By
way of example D6 can be between about 0.015" and about 0.040". The chamfer
212 can have a depth D5 of between about 0.005" and about 0.020". The
chamfer 212 can have an angle y of between about 30 and about 60 degrees.
By way of example, the chamfer 212 can have a width D6 of about 0.015"
around each of the discrete holes 116B and a depth D5 of about 0.015" and
an angle y of about 45 degrees.  [74] The second conduits 114A' can be
formed at an angle a to the third flat region 210C. The angle a can be
between about 30 degrees and about 60 degrees. The angle a directs the
second fluid 114 away from the vacuum 116 applied to the third conduits
116A', as a result, the second fluid 114 resides in the volume between the
third flat region 210C and the substrate surface 108A for a longer time.
The longer time allows more time for the second fluid 114 to act on the
interface between the trailing edge 104B and the substrate surface 108A.
Recall from above that the second fluid 114 can be a gas a vapor or a
mixture of gases and vapors (e.g., an IPA/N2 vapor and gas mixture, carbon
dioxide gas, etc.) for modifying the surface tension of the liquid 112 in
the meniscus 102. The second fluid 114 mixes more with the local atmosphere
if the discrete holes 114B are somewhat more remote from the vacuum
discrete holes 116B. Mixing the second fluid 114 with the local atmosphere
provides a more uniform delivery of the second fluid 114 and therefore a
more uniform modification of the surface tension of the trilling edge 104B
of the meniscus 102. [75] The discrete holes 114B and the discrete holes
116B are separated by a distance D3. Distance D3 can be between about 0.5"
and about 0.75". Similar to the angle a described above, the distance D3
helps determine the residence time of the second 



fluid in the volume between the third flat region 210C and the substrate
surface 108A. As distance D3 is reduced, the residence time is also
reduced. Alternatively, as distance D3 is increased, the residence time is
also increased. The proximity head 200 can be scanned over the substrate
surface 108A at a scanning speed of between about 0.2 inches and about 0.6
inches per second. This provides a residence time for the second fluid 114
of between about 0.8 and about 3.75 seconds. For comparison, the proximity
head 100 (shown in Figure 1A) provides a residence time of between about
0.15 and about 0.75 seconds (e.g., about a factor of 5).  18  [76] The
fourth flat region 210D can be co-planar with the third flat region 210C.
Alternatively, the fourth flat region 210D can be angled at an angle  to
the third flat region 210C. Angle/3 can be between about 30 degrees and
about 60 degrees. The angle I can be between about 120 and about 180
degrees.  [77] The discrete holes 112B and the discrete holes 116B are
separated by a distance D4. Distance D4 can be between about 0.25" and
about 2.0". The distance D4 is slightly less than the distance between the
leading edge 104A and the trailing edge 104B of the meniscus 102.  [78]
Referring to Figure 2A, the first conduits 112A' (shown in phantom) can
optionally be formed at angle 5 to the second flat region 210B. Angle 5 can
be between about 30 degrees and about 90 degrees. Angling the conduit 112A'
toward the discrete holes 116B promotes and aids in the flow of the first
liquid 112 from the conduit 112A' into the meniscus 102 and into the
discrete holes 116B.  [79] Figure 4 is a flowchart of the method operations
400 of processing a surface 108A, in accordance with an embodiment of the
present invention. In an operation 405, the proximity head 200 is placed in
close proximity to the substrate surface 108A for processing.  [80] In an
operation 410, a liquid 112 is output from one or more first conduits 112A
and the corresponding discrete hole 112B to form a controlled, contained,
liquid meniscus 102 between the head surface 210 and the substrate surface
108A. As described above the liquid 112 can be delivered via an angled
first conduits 112A' which directs the first liquid toward the discrete
holes 116B.   [81] In an operation 415, a vacuum 116 is applied to one or
more of the angled third conduits 116A'. The vacuum 116 draws the liquid
112 from the meniscus 102 into the discrete holes 116B and into the
corresponding conduits 116A'. As described above the liquid 112 flows
substantially continuously through the conduits 116A'. 



[82] In an optional operation 420, a second fluid 114 can be applied to the
substrate surface 108A along the trailing edge 104B of the meniscus. In an
operation 425, the proximity head 200 can be moved relative to the
substrate 108 so as to move the meniscus 102 along the substrate surface
108A and the method operations can end.  19  [831 With the above
embodiments in mind, it should be understood that the invention may employ
various computer-implemented operations involving data stored in computer
systems. These operations are those requiring physical manipulation of
physical quantities. Usually, though not necessarily, these quantities take
the form of electrical or magnetic signals capable of being stored,
transferred, combined, compared, and otherwise manipulated. Further, the
manipulations performed are often referred to in terms, such as producing,
identifying, determining, or comparing.  [84] Any of the operations
described herein that form part of the invention are useful machine
operations. The invention also relates to a device or an apparatus for
performing these operations. The apparatus may be specially constructed for
the required purposes, or it may be a general-purpose computer selectively
activated or configured by a computer program stored in the computer. In
particular, various general-purpose machines may be used with computer
programs written in accordance with the teachings herein, or it may be more
convenient to construct a more specialized apparatus to perform the
required operations.  [85] Aspects of the invention can also be embodied as
computer readable code and/or logic on a computer readable medium. By way
of examples the recipe 178 and the method operations described in the flow
charts. The computer readable medium is any data storage device that can
store data which can thereafter be read by a computer system. Examples of
the computer readable medium include hard drives, network attached storage
(NAS), logic circuits, read-only memory, random-access memory, CD-ROMs,
CD-Rs, CD-RWs, magnetic tapes, and other optical and non-optical data
storage devices. The computer readable medium can also be distributed over
a network coupled computer systems so that the computer readable code is
stored and executed in a distributed fashion.   [86] It will be further
appreciated that the instructions represented by the operations in the
above figures are not required to be performed in the order illustrated,
and that all the processing represented by the operations may not be
necessary to practice the invention. Further, the processes described in
any of the above figures can also be implemented in software stored in any
one of or combinations of the RAM, the ROM, or the hard disk drive.  



20 E871 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 given herein, but may be modified within the scope and
equivalents of the appended claims. What is claimed is:   21 Claims 1.A
proximity head comprising: a head surface, the head surface including:
a first flat region and a plurality of first conduits, each one of the
plurality of first conduits being defined by corresponding one of a
plurality of first discrete holes, the plurality of first discrete holes
residing in the head surface and extending through the first flat region; 



a second flat region and a plurality of second conduits, the plurality of
second conduits being defined by a corresponding plurality of second
discrete holes that reside in the head surface and extend through the
second flat region; and       a third flat region disposed between and
adjacent to the first flat region and the second flat region, a plurality
of third conduits, the plurality of third conduits being defined by a
corresponding plurality of third discrete holes that reside in the head
surface and extend through the third flat region wherein the third conduits
being formed at a first angle relative to the third flat region, the first
angle being between 30 and 60 degrees. 2. The proximity head of claim 1,
wherein the first conduits are coupled to a first liquid source and provide
the first liquid to the head surface, wherein the plurality of second
conduits are coupled to a second fluid source and provide the second fluid
to the head surface and wherein the plurality of third conduits are coupled
to a vacuum source and provide a vacuum to the head surface. 3. The
proximity head of claim 1, wherein the third discrete holes are formed
along a trailing edge.  4. The proximity head of claim 1, wherein the first
conduits being formed at a first angle relative to the first flat region,
the second angle being between 30 and 60 degrees. 5. The proximity head of
claim 1, wherein the first discrete holes are formed in a  



22 first row and wherein the second discrete holes are formed in a second
row and wherein the third discrete holes are formed in a third row, the
first row, the second row and the third row being substantially parallel
and wherein the third row is disposed between the first row and the second
row. 6. The proximity head of claim 5, wherein the second conduits being
formed at a second angle relative to the second flat region, the second
angle being between 30 and 60 degrees, wherein the second conduits are
directed away from the third row. 7. The proximity head of claim 5, further
comprising a fourth flat region being disposed on the opposing side of the
first row from the third row, the fourth flat region being in a plane
substantially parallel to and offset from the first flat region. 8. The
proximity head of claim 5, wherein the second row and the third row are
separated by a distance of between about 0.5 inches and about 0.75 inches.
9. The proximity head of claim 5, wherein the third flat region being in a
plane substantially parallel to and offset from the first flat region.  10.
The proximity head of claim 9, wherein the offset between the third flat
region and the first flat region is between about 0.020 inches to about
0.080 inches. 



11. The proximity head of claim 10, wherein the third row is formed in the
third flat region at the offset to the first flat region. 12. The proximity
head of claim 1, wherein the third discrete holes are chamfered.  13. The
proximity head of claim 1, further comprising a first chamber coupled to
the first conduits, a second chamber coupled to the second conduits and a
third chamber coupled to the third conduits. 14. A proximity head
comprising:  23 a head surface, the head surface including:      a first
flat region and a plurality of first conduits, each one of the plurality of
first conduits being defined by corresponding one of a plurality of first
discrete holes, the plurality of first discrete holes residing in the head
surface and extending through the first flat region; 



a second flat region and a plurality of second conduits, the plurality of
second conduits being defined by a corresponding plurality of second
discrete holes that reside in the head surface and extend through the
second flat region; and       a third flat region disposed between and
adjacent to the first flat region and the second flat region, a plurality
of third conduits, the plurality of third conduits being defined by a
corresponding plurality of third discrete holes that reside in the head
surface and extend through the third flat region wherein the third conduits
being formed at a first angle relative to the third flat region, the first
angle being between 30 and 60 degrees, wherein the third discrete holes are
formed along a trailing edge, a fourth flat region being disposed on the
opposing side of the first row from the third row, the fourth flat region
being in a plane substantially parallel to and offset from the first flat
region, wherein the third flat region being in a plane substantially
parallel to and offset from the first flat region. 15.A method for making a
proximity head comprising: forming a first chamber in a proximity head;
forming a second chamber in the proximity head; forming a third chamber in
the proximity head; fomiing a plurality of first conduits from a head
surface to the first chamber;      forming a plurality of second conduits
from a head surface to the second chamber; and      forming a plurality of
third conduits from a head surface to the third chamber, wherein the third
conduits being formed at a first angle relative to the head surface, the
first angle being between 30 and 60 degrees. 



24  16. The method of claim 15, further comprising: forming a first flat
region on the head surface; forming a second flat region on the head
surface;       forming a third flat region on the head surface, the third
flat region being disposed between and adjacent to the first flat region
and the second flat region, wherein the third flat region being in a plane
substantially parallel to and offset from the first flat region.  17. The
method of claim 15, further comprising forming a fourth flat region, the
fourth flat region being in a plane substantially parallel to and offset
from the first flat region.  18. The method of claim 15, wherein the
proximity head is formed from a single 



work piece. 19. A method of processing a substrate with a proximity head
comprising: placing a proximity head in close proximity to a surface of the
substrate and in a first plane substantially parallel to the substrate
surface;       forming a liquid meniscus between a first flat region of a
head surface of the proximity head and the substrate surface; and
applying a vacuum to a trailing edge of the liquid meniscus, wherein the
vacuum draws a substantially continuous flow of liquid from the liquid
meniscus.   20. The method of claim 19, wherein the liquid meniscus
includes a leading edge and wherein the head surface includes a second flat
region, the second flat region being in a plane substantially parallel to
and offset from the first flat region, wherein the second flat region is
offset to be nearer to the substrate surface than the first flat region and
wherein the liquid meniscus includes a leading edge formed between the
second flat region and the substrate surface. 




