
;e3ezfw.6TfNU-29 March 2004 1 A METHOD FOR CLEANING AND TREATING A
SEMICONDUCTOR WAFER AFTER CHEMICAL MECHANICAL POLISHING BACKGROUND OF THE
INVENTION 5 1. Field of the Invention The present invention relates
generally to semiconductor wafer cleaning and, more particularly, to post
chemical mechanical polishing (CMP) copper cleaning. 2. Description of the
Related Art 10 In the fabrication of semiconductor devices, there is a need
to perform chemical mechanical polishing (CMP) operations and wafer
cleaning. Typically, integrated circuit devices are in the form of
multi-level structures. At the substrate level, transistor devices having
diffusion regions are formed. In subsequent levels, interconnect
metallization lines are patterned and electrically connected to the
transistor devices to define the desired 15 functional device. As is well
known, patterned conductive layers are insulated from other conductive
layers by dielectric materials, such as silicon dioxide. As more
metallization levels and associated dielectric layers are formed, the need
to planarize the dielectric material grows. Without planarization,
fabrication of further metallization layers becomes substantially more
difficult due to the higher variations in the surface topography. In other
20 applications, metallization line patterns are formed in the dielectric
material, and then, metal CMP operations are performed to remove excess
metallization. After any such CMP operation, it is necessary that the
planarized water be cleaned to remove particulates and contaminants. Figure
lA shows a cross-sectional view of a wafer having a copper layer 104 25
deposited over the top surface of the wafer. An oxide layer 100 is
deposited over a semiconductor substrate (not shown). Well-known
photolithography and etching techniques may be used to form patterned
features in the oxide layer 100. Next, the top surface of the wafer is
coated with a copper layer 104 and the patterned features are thereby
filled with copper to form copper lines l02. 30 Figure 1B shows a
cross-sectional view of the wafer of Figure lA after the top surface has
undergone a chemical mechanical polishing (CMP) operation. The top surface
is polished until the top surface is planar and the oxide layer 100 is
exposed.   29 March 2004 2 Unfortunately, the CMP operation is likely to
leave imperfections on the surface of the wafer. For example, the CMP
operation may leave micro-scratches on the surface of the copper
metallization features and on the surface of the silicon dioxide layer.
These microscratches are likely to contain embedded slurry and trace
amounts of copper material on the 5 silicon dioxide layer from the CMP
operation. Figure 1B demonstrates how the CMP operation leaves a rough
copper oxide layer 110 over the top surface of the copper line 102. It is
believed that the roughness in the copper oxide layer is primarily due to
copper from the metallization features that is left on the surface of the
wafer after the CMP operation. Figure 1C shows a cross-sectional view of
the wafer of Figure 1B after a metal via 10 has been formed to make contact
with the copper line 102. A second oxide layer 101 is 



deposited over the polished top surface of the wafer. Well-known
photolithography and etching techniques may be used to form conductive vias
122. The vias are filled with a barrier layer 120, such as tantalum nitride
(TaN), which provides adhesion between the conductive via 122 and the
copper line 102. 15 Unfortunately, the rough copper oxide layer 110 caused
by the CMP operation may cause processing flaws. The damaged wafer surface,
for example, may result in vias that form inadequate bonds to metallization
features. In other words, the rough copper oxide layer 110 creates adhesion
problems at the contact area between the conductive via 122 and the copper
line 102. The adhesive strength at the contact area is diminished where the
left 20 over copper from the CMP operations interferes with the adhesive
bond between the barrier layer 120 and the copper line 102. Thus, the
barrier layer l20 will not form an adequately adhesive bond with the copper
line 102. Another fabrication problem created by a typical CMP operation is
faulty electrical connections between vias 122 and copper lines 102 caused
by the rough copper oxide layer 25 110. For instance, the rough copper
layer 110 may increase the resistance of the connection between the copper
lines 102 and the conductive vias 122 to an unacceptably high level. A
resistance that is too high for one via connection will cause an entire
semiconductor device to be inoperable or produce slower devices. As can be
appreciated, the fabrication process becomes very costly when a multitude
of devices must be discarded due to faulty electrical 30 connections
between vias and copper lines.   29 March 2004 3 In view of the foregoing,
there is a need for a cleaning process that avoids the problems of the
prior art by implementing wafer cleaning and associated fabrication
techniques that provide for better connections between copper lines and
conductive vias. 5 SUMMARY OF THE INVENTION Broadly speaking, the present
invention fills these needs by providing a method for cleaning and treating
a wafer after a chemical mechanical polishing (CMP) operation. It should be
appreciated that the present invention can be implemented in numerous ways,
including as a process, an apparatus, a system, a device or a method.
Several inventive 10 embodiments of the present invention are described
below. 



In one embodiment, a method is provided for cleaning a surface of a
semiconductor wafer after a CMP operation. An improved cleaning chemical
(ICC) is applied to the surface of the wafer. The ICC is configured to
transform a small portion of copper film on the surface of the wafer into a
water soluble form. T he wafer surface is scrubbed. The wafer is 15 then
rinsed with a liquid. The rinsing is configured to remove the water soluble
copper from the surface of the wafer and the brush, wherein the applying,
the scrubbing, and the rinsing can be performed in a brush box or any other
brush cleaning apparatus. In another embodiment, a method is provided for
removing surface materials from a wafer after a CMP operation. The wafer is
scrubbed with an oxide etching chemical or HF 20 to etch a small amount of
silicon dioxide. The wafer is then scrubbed with deionized (DI) water to
rinse the oxide etching chemical and/or HF. Next, the wafer is scrubbed
with an improved cleaning chemical (ICC) after the scrubbing with the DI
water. The wafer is then scrubbed with DI water after the scrubbing with
the 1CC. In yet another embodiment, a method of treating a surface of a
substrate is disclosed. 25 The method includes: (a) transforming a copper
film on the surface of the substrate into a water soluble form; (b)
scrubbing the surface of the substrate with a brush; and (c) rinsing the
substrate with a liquid, the rinsing being configured to remove post-CMP
residues, the ICC, and the water soluble copper from the surface of the
substrate and the brush. Advantageously, the present invention provides a
method for cleaning and treating a 30 semiconductor wafer after a CMP
operation. The method includes operations for cleaning embedded and
left-over copper (Cu) material from a CMP operation. As discussed in the
background, left-over copper may cause a decrease in adhesive strength of
bonds between   29 March 2004 4 metallization features and conductive vias.
The methods of the present invention provide techniques for treating the
wafer surface so that conductive vial can bond better and stronger with
underlying copper lines. A better, stronger bond also provides lower
resistive links between copper lines of differentlayers. 



5 Another advantage of the present invention is the removal of surface
corrosion of the copper lines. As the ICC cleans the wafer surface, it also
removes unwanted corroded copper. Still another advantage is the prevention
of future corrosion of copper lines. By providing a layer of copper oxide
over copper features, the method protects the copper features from future
corrosion. Note that copper oxide (CuOx) is far less susceptible to 10
corrosion than pure copper (Cu) lines. Additionally, the brush life can be
extended since the cleaning techniques, and particularly the use of the
ICC, also remove copper and other residues from the brushes during normal
cleaning, treating, or etching. Ultimately, the methods disclosed herein
will substantially reduce undue costs in the overall fabrication process
because the number of damaged wafers that must be discarded will be
substantially 15 reduced. Other aspects and advantages of the present
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 present invention. 20 BRIEF DESCRIPTION OF
TILE DRAWINGS The present invention will be readily understood by the
following detailed description in conjunction with the accompanying
drawings, in which like reference numerals designate like structural
elements. Figure lA shows a cross-sectional view of a wafer having a copper
layer deposited 25 over the top surface of the wafer. Figure 1B shows a
cross-sectional view of the wafer of Figure lA after the top surface has
undergone a chemical mechanical polishing (CMP) operation. Figure IC shows
a cross-sectional view of the wafer of Figure 1B after a metal via has been
formed to make contact with the copper line.   29 March 2004 5 Figure 2
shows a high-level schematic diagram of a chemical mechanical polishing
(CMP) system, and a wafer cleaning system, in accordance with one
embodiment of the presentinvention. Figure 3A and 3B show a more detailed
side view and top view, respectively, of the 5 wafer cleaning system of
Figure 2, in accordance with one embodiment of the present invention.
Figure 4A shows a flowchart of a method of performing cleaning operations
on the wafer in a brush box, in accordance with one embodiment of the
presenl invention. Figure 4B shows a flowchart of a method of performing
cleaning operations on the 10 wafer using two brush boxes, in accordance
with one embodiment of the present invention. Figure 5 shows a flowchart of
a method of performing cleaning and etching operations on the wafer using
two brush boxes, in accordance with one embodiment of the presentinvention.



15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS An invention for
methods for cleaning a surface of a semiconductor wafer after chemical
mechanical polishing (CMP) with the use of an improved cleaning chemical
(ICC) is disclosed. In the following description, numerous specific details
are set forth in order to provide a thorough understanding of the present
invention. It will be understood, however, 20 to one skilled in the art,
that the present invention may be practiced without some or a11 of these
specific details. In other instances, well known process operations have
not been described in detail in order not to unnecessarily obscure the
present invention. Figure 2 shows a high-level schematic diagram of a
chemical mechanical polishing (CMP) system 202, and a wafer cleaning system
320, in accordance with one embodiment of 25 the present invention. After a
semiconductor wafer undergoes a CMP operation in the CMP system 202, the
wafer is cleaned in a wafer cleaning system 320. The wafer cleaning system
320 contains a first brush box 204a and a second brush box 204b. The wafer
enters the first brush box 204a, where cleaning operations, such as brush
scrubbing and rinsing, may be performed on the wafer. The wafer may then
proceed 30 to the second brush box 204b where additional cleaning
operations may be performed on the wafer. Alternatively, after cleaning
operations in the first brush box 204a, the wafer may proceed directly to
subsequent operations 208, such as spin, rinse, and dry. After the   29
March 2004 6 cleaning operations, the wafer proceeds to other post-CMP
processing operations, where the wafer may undergo additional fabrication
operations, including additional deposition of layers, sputtering,
photolithography, and associated etching. Figures 3A and 3B show a more
detailed side view and top view, respectively, of the 5 wafer cleaning
system 320 of Figure 2, in accordance with one embodiment of the present
invention. The wafer cleaning system 320 typically includes an input
station 300 where a plurality of wafers may be inserted for cleaning
through the system after the wafers have undergone CMP operations. Once the
wafers are inserted into the input station 300, a wafer may be taken from
the input station 300 and moved into the brush box 204, which contains a 10
first brush box 204a and a second brush box 204b. Inside the brush box,
various cleaning and etching operations may be applied to the wafer. These
cleaning and etching operations are discussed in greater detail below with
reference to Figures 4 and 5. After brushes have been applied to the wafer
in the brush boxes 204, the wafer is moved into a spin, rinse, and dry
(SRD) station 304. In the SRD station 304, de-ionized (DI) 15 water is
sprayed onto the surface of the wafer while the wafer is spun at a speed of
between 



about 100 and 400 revolutions per minute, and then is spun to dry. After
the wafer has been placed through the SRD station 304, an unload handler
310 takes the wafer and moves it into an output station 306. The cleaning
system 320 is programmed and controlled from system electronics 308. 20
Figure 4A shows a flowchart of a method of performing cleaning operations
on the wafer in a brush box, in accordance with one embodiment of the
present invention. The method starts in operation 402 where a wafer is
provided that has a deposited copper layer over oxide etched features. At
operation 404, the wafer is then subjected to a CMP operation to remove and
planarize a top layer of the deposited copper layer. 25 As discussed above,
the CMP operation is likely to cause imperfections to the surface of the
wafer in such a way that vias may potentially form inadequate bonds to
metallization features. The methods of Figures 4 and 5 are examples of
methods for treating the surface of the wafer to prevent such a fabrication
flaw.   29 March 2004 7 Continuing the discussion of Figure 4A, after the
CMP operation of 404, the wafer is produced to a cleaning system in
operation 406. Then in operation 408, an improved cleaning chemical (ICC)
is applied to the surfaces of the wafer to transform a top layer of copper
into a water soluble form. The ICC may also be used to facilitate the
removal of 5 post-CMP residues, such as slurry particles, from the surface
of the wafer. The copper material is transformed into a water soluble form
in order to remove a controlled amount of copper from the surface of the
wafer. During the application of the ICC, the ICC also causes oxidation of
the top layer of copper to form copper oxide (CuOx). Thus, the ICC includes
an oxidizing agent. A strong chelating agent in the ICC, in combination
with a weak chelating 10 agent and an oxidizing agent allows the
programming of a controlled amount of copper to be removed from the surface
of the wafer. In one embodiment, by controlling the amount oxidizing agent
that is applied by way of the ICC, the amount of copper oxide left on the
surface of the wafer can be more precisely controlled. An example of a
chelating agent is ethelenediamine tetraacetic acid (EDTA). An alternative
to EDTA can be, for example, 15 oxalic acid. The ICC solution preferably
contains NH40H, EDTA, HzOz, and deionized (DI) water. The preferred purpose
of the NHQOH component is to act as a weak chelating agent. The preferred
purpose of the EDTA component is to act as a strong chelating agent. The
preferred purpose of the HZOz component is to act as an oxidizing agent.
The DI water 20 component makes up the balance of the solution. The
composition of NHyOH in the ICC solution is preferably between about 0.035
weight percent and about 0.21 weight percent, more preferably between about
0.05 weight percent and about 1.0 weight percent, and most preferably about
0.07 weight percent. The composition of EDTA is preferably between about
0.005 weight percent and about 0.02 25 weight percent, more preferably
between about 0.0075 weight percent and about 0.03 weight percent, and most
preferably about 0.01 weight percent. The H202 composition is contained in
the solution in a ration relative to the DI water composition. This ration
of H202 to DI water by volume is preferably between about 1:30 and about
1:200, more preferably between about 1:70 and about 1:150, and most
preferably about 1:120. 30 Thus, the most preferred ICC solution contains
NH40H in about 0.07 weight percent, EDTA in about 0.01 weight percent, and
a volumetric ratio of HZOz to DI water of about 1:120. Such a solution
composition removes between about 100 angstroms and about 150   29 March
2004 8 angstroms of copper oxide from the surface of the water as the
brushes make contact with the wafer surface for a predetermined period of
time. In other words, the solution transforms the copper layer to copper
oxide, turns the top layer into a water soluble form, and the water soluble
form is rinsed away in operation 4l0, as discussed below. 5 The time of
brush contact with the surface of the wafer is preferably between about 20
seconds and about 50 seconds, more preferably between about 30 seconds and
about 40 seconds, and most preferably about 35 seconds. When the time of
brush contact is about 35 seconds, about 100 angstroms of copper oxide is
removed from the surface of the wafer. After applying the ICC, the method
moves to operation 410 where the wafer is rinsed 10 with DI water to remove
the water soluble copper and copper oxide from the wafer surface and the
cleaning system (i.e., the brushes). The method preferably leaves between
about 5 angstroms and about 30 angstroms of copper oxide on the top surface
of the wafer, and most preferably about 10 angstroms of copper oxide. Some
copper oxide over the copper surface is advantageous in that it protects
the underlying copper from corrosion. After the top 15 surface is rinsed,
the method may undergo a spin, rinse, and dry (SRD) operation and then 



proceed to operation 412 where the cleaned wafer is stored. The foregoing
process may be repeated for any additional wafers. The method of this
embodiment can be performed in any cleaning system, whether or not the
cleaning system uses a brush box or other type of cleaning apparatus. 20
Figure 4B shows a flowchart of a method of performing cleaning operations
on the wafer using two brush boxes, in accordance with one embodiment of
the present invention. The preferred purpose of the first brush is to clean
the silicon dioxide layer and remove a controlled amount of the copper
layer. It should be noted that the removal of copper oxide is actually more
than just cleaning trace amounts of copper, but the actual removal of
copper 25 material. The preferred purpose of the second brush box is to
clean the surface of the wafer while cleaning the brushes in the second
brush box. The method starts in operation 502 inhere a wafer is provided
that has a deposited copper layer over oxide etched features. In operation
504, the wafer is then subjected to a CMP operation to remove and planarize
a top layer of the deposited copper layer. The 30 method then moves to the
cleaning station to perform post-CMP operations to treat the surface of the
wafer in order to prevent subsequent processing flaws, which were discussed
above.   29 March 2004 9 Accordingly, in operation 506, the wafer is
introduced into a first brush box of the cleaning system. In the first
brush box, the method moves to operation $08 where an ICC is applied to the
wafer using brushes of the first brush box to controllably transform copper
material into a water soluble form. The copper material is transformed into
a water soluble 5 form in order to remove a controlled amount of copper
from the surface of the wafer. The techniques for removing the copper are
discussed above with reference to operation 408 of Figure 4A. Next, in
operation 510, the wafer is preferably transitioned from the first brush
box to the second brush box. In the second brush box, the method moves to
operation 512 where a 10 second ICC is applied to the surface of the wafer
using brushes of the second brush box in order to clean the wafer surface
and clean the brushes of copper. The second ICC may contain the same
chemical composition as the ICC in the first brush box. Regardless of the
chemical composition, however, the preferred purpose of the second ICC is
to clean the brushes of copper and other materials that may have been
cleaned from the wafer surface. 15 The second ICC is preferably applied for
between about 3 seconds and about 10 seconds. The method then proceeds to
operation 514 where the wafer is rinsed with deionized (DI) water using
brushes of the second brush box to remove the second ICC from the wafer
surface and the brushes. The wafer surface is rinsed preferably for between
about 20 seconds and about 40 seconds. 20 After the operations in the
second brush box, the method moves to operation 516 where the wafer is
transferred to a spin, rinse, and dry (SRD) station. In operation 518, the
wafer may then be stored in an output station. Figure 5 shows a flowchart
of a method of performing cleaning and etching operations on the wafer
using two brush boxes, in accordance with one embodiment of the 25 present
invention. The preferred purpose of the first brush is to etch a controlled
amount of oxide from the wafer surface. The preferred purpose of the second
brush box is to remove a controlled amount of copper from the wafer surface
and clean the wafer surface while cleaning the brushes in the second brush
box. The method starts in operation 602 where a wafer is provided that has
a deposited 30 copper layer over oxide etched features. In operation 604,
the wafer is then subjected to a CMP operation to remove and planarize a
top layer of the deposited copper layer. The method then moves to the
cleaning station to perform post-CMP operations to treat the   29 March
2004 10 surface of the wafer in order to prevent subsequent processing
flaws, which were discussed above. Accordingly, in operation 606, the wafer
is introduced into a first brush box of the cleaning system. Next, in
operation 608, an oxide etching chemical cleaner is applied to the 5
surface of the wafer. The oxide etching chemical cleaner can also etch
silicon oxide. Examples of an oxide etching chemical cleaner are
hydrofluoric acid (HF) and mixed copper clean (MCC), which contains
hydrofluoric acid. For additional information on MCC, reference can be made
to: (1) U.S. Patent Application No. 08/955,393, entitled METHODS AND
APPARATUS FOR CLEANING SEMICONDUCTOR SUBSTRATES AFTER 



10 POLISHING OF COPPER FILM, and filed on October 21, 1997; and (2) U.S.
Patent Application No. 09/037,586, entitled METHODS AND APPARATUS FOR
CLEANING SEMICONDUCTOR SUBSTRATES AFTER POLISHING OF COPPER FILM, and filed
on March 9, 1998. These U.S. patent applications are hereby incorporated by
reference. Another example of an oxide etching chemical cleaner is buffered
oxide etch (BOE). The 15 wafer surface is scrubbed with the oxide etching
chemical cleaner preferably for about 30 seconds. The method then moves to
operation 610 where DI water is applied to the wafer to substantially
remove the oxide etching chemical cleaner from the surface of the wafer.
The wafer surface is scrubbed with the DI water preferably for about 20
seconds. 20 The method then proceeds to operation 612 where the wafer is
transitioned from the first brush box to a second brush box. In operation
614, an ICC is then applied to the wafer using brushes of the second brush
box to controllably transform copper material into a water soluble form.
The copper material is transformed into a water soluble form in order to
remove a controlled amount of copper from the surface of the wafer. The
techniques for 25 removing the copper are discussed above with reference to
operation 408 of Figure 4A. the method then moves to operation 616 where
the wafer is rinsed with DI water using brushes of the second brush box to
remove the ICC from the wafer and the brushes. The wafer is rinsed
preferably for between about 20 seconds and about 40 seconds, and most
preferably about 20 seconds. 30 Next, in operation 618, the wafer is
transitioned out of the second brush box to a SRD station. The method then
proceeds to operation 620 where the wafer is stored in an output station.
29 March 2004 11 While this invention has been described in terms of
several preferred embodiments, it will be appreciated that those skilled in
the art upon reading the preceding specifications and studying the drawings
will realize various alterations, additions, permutations and equivalents
thereof. For example, although specific reference is made to brush boxes,
any 5 other brush scrubbing apparatus can benefit from the method teachings
of the present invention. Additionally, the cleaning embodiments can be
applied to any size wafer, such as, 200 mm, 300 mm, and larger, as well as
other sizes and shapes. It is therefore intended that the present invention
includes a11 such alterations, additions, permutations, and equivalents
that fall within the true spirit and scope of the invention.   29 March
2004 12 CLAIMS 1. A method of cleaning a surface of a semiconductor wafer
after a chemical mechanical polishing (CMP) operation, comprising: applying
an improved cleaning chemical (ICC) to the surface of the wafer, the 5 ICC
including a weak chelating agent, a strong chelating agent and an oxidizer,
the ICC formulated to transform a copper film on the surface of the wafer
into a water soluble form, 



wherein the cleaning chemical is a solution selected from the group
consisting of: HZOZ + NHQOH + EDTA + deionized (DI) water; and H202 + NHaOH
+ oxalic acid + DI water; 10 targeting a H202 to DI water ratio for the
cleaning chemical between about 1:30 and about 1:200. scrubbing the surface
of the wafer with a brush; and rinsing the wafer and the brush with a
liquid, to remove the water soluble copper from the surface of the wafer
and the brush, wherein the applying, the scrubbing, and the 15 rinsing are
performed in a brush box. 2. A method of cleaning a surface of a
semiconductor wafer after a chemical mechanical polishing (CMP) operation
as recited in claim 1, wherein the ICC includes a copper chelating agent.
20 3. A method of cleaning a surface of a semiconductor wafer after a
chemical mechanical polishing (CMP) operation as recited in claim 1,
wherein the NHQOH component   29 March 2004 13 is a weak copper chelating
agent and the EDTA component is a strong copper chelating agent. 4. A
method of cleaning a surface of a semiconductor wafer after a chemical 5
mechanical polishing (CMP) operation as recited in claim 1, further
comprising: tuning the scrubbing operation to leave a copper oxide film on
the surface of the wafer at a thickness of between about 5 angstroms and
about 30 angstroms of copper oxide. 



5. A method of cleaning a surface of a semiconductor wafer after a chemical
10 mechanical polishing (CMP) operation as recited in claim 1, further
comprising: designing the scrubbing operation to remove the copper film at
a removal rate ranging between about 100 angstroms and about 150 angstroms
of copper per minute. 6. A method of cleaning a surface of a semiconductor
wafer after a chemical 15 mechanical polishing (CMP) operation as recited
in claim 1, wherein the NHaOH has a composition in the solution of between
about 0.035 weight percent and about 0.21 weight percent. 7. A method of
cleaning a surface of a semiconductor wafer after a chemical 20 mechanical
polishing (CMP) operation as recited in claim 1, wherein the EDTA has a
29 March 2004 14 composition in the solution of between about 0.005 weight
percent and about 0.03 weight percent. 8. A method of cleaning a surface of
a semiconductor wafer after a chemical 5 mechanical polishing (CMP)
operation as recited in claim 1, wherein the NHnOH has a composition in the
solution of between about 0.035 weight percent and about 0.21 weight
percent, the EDTA has a composition in the solution of between about 0.005
weight percent and about 0.03 weight percent and a HzOz to DI water ratio
is between about 1:30 and about 1:200. 10 9. A method of cleaning a surface
of a semiconductor wafer after a chemical mechanical polishing (CMP)
operation as recited in claim 1, further comprising: 



designing the scrubbing operation to have a time of brush contact, wherein
when the time of brush contact is between about 20 seconds and about 50
seconds, between about l00 15 angstroms and about 150 angstroms of copper
are removed from the surface. 10. A method of cleaning a surface of a
semiconductor wafer after a chemical mechanical polishing (CMP) operation
as recited in claim 1, the method further comprising: transitioning the
wafer to a second brush box; 20 scrubbing the surface of the wafer with a
second ICC using a brush in the second brush box to clean copper from the
brush in the second brush box; and    29 March 2004 15 rinsing the wafer
with DI water using the brush in the second brush box to flush the brush in
the second brush box of the second ICC. 11. A method of cleaning a surface
of a semiconductor wafer after a chemical 5 mechanical polishing (CMP)
operation as recited in claim 10, further comprising: designing the
scrubbing to last for a time of between about 3 seconds and about 10
seconds. 12. A method of cleaning a surface of a semiconductor wafer after
a chemical 10 mechanical polishing (CMP) operation as recited in claim 10,
further comprising: setting the rinsing to last for a time of between about
20 seconds and about 40 seconds. 13. A method of treating a surface of a
wafer, comprising: 15 transforming a copper film on the surface of the
wafer into a water soluble form; 



scrubbing the surface of the wafer with a brush; and rinsing the wafer and
the brush with a liquid, to remove the water soluble copper from the
surface of the wafer and the brush, wherein a copper oxide film of a
thickness between about 5 angstroms and about 30 angstroms remains on the
surface of the wafer. 20   29 March 2004 16 14. A method of treating a
surface of a wafer as recited in claim 13, wherein the transforming is
performed using a copper chelating agent.
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