
WO 2011/077339PCT/1B2010/055900 1 METHODS FOR ANALYSIS OF WATER AND
SUBSTRATES RINSED IN WATER BACKGROUND OF THE INVENTION [0001]Impurities
present on the surface of a substrate, such as a semiconductor wafer, may
negatively affect the material properties of the substrate. Some impurities
may be deposited on the surface of the substrate by water used to rinse the
substrate. Accordingly, it is desirable to reduce or eliminate the amount
of impurities contained in the water in which the wafers are rinsed. Water
used to rinse the substrate is often analyzed to determine the amount and
type of impurities present therein so that the proper filters or other
remediation systems may be selected and used to reduce or eliminate the
impurities contained in the water. [0002]In known systems, the amount and
type of impurities deposited on the surface of the substrate is determined
by various analytical methods. The analytical methods are capable of
determining the presence and amount of impurities above a set threshold
level. However, impurities deposited on the surface of the substrate below
the threshold level may negatively affect the properties of the substrate
or components formed from the substrate. Prior systems are thus incapable
of detecting impurities deposited on the surface of substrates that may
negatively affect the properties of the substrate.  BRIEF SUMMARY  



WO 2011/077339PCT/1B2010/055900 2 after contacting the wafer with water in
a container. The method includes contacting the wafer with water for a
first period of time. The wafer is then dried and analyzed to determine
contaminants on the wafer surfaces. A prediction is made of the
contaminants deposited on the wafer when contacting the wafer with water
for a second period of time shorter than the first period of time.
[0004]Another aspect is directed to a method for determining metal content
in a container of water. The method comprises contacting a semiconductor
wafer with the water for a predetermined period of time. The wafer is then
dried and analyzed to determine the metal content of the wafer surfaces. A
determination is then made of the metal content in the water from the metal
on the wafer surfaces. [0005]Still another aspect is directed to a method
for predicting contaminants deposited on a substrate after contacting the
substrate with water in a container. The method includes contacting a
semiconductor wafer with water for a first period of time. The wafer is
then dried and analyzed to determine contaminants on the wafer surfaces. A
prediction is made of the contaminants deposited on the substrate when
contacting the substrate with water in the container for a second period of
time shorter than the first period of time. [0006]Various refinements exist
of the features noted in relation to the above-mentioned aspects. Further
features may also be incorporated in the above-mentioned aspects as well.
These refinements and additional features may exist individually or in any
combination. For instance, various features discussed below in relation  



WO 2011/077339PCT/1B2010/055900 3 to any of the illustrated embodiments may
be incorporated into any of the above-described aspects, alone or in any
combination. BRIEF DESCRIPTION OF THE DRAWINGS [0007]Figure 1 is a
partially schematic cross- section of a tank for rinsing a wafer in
accordance with one embodiment; [0008]Figure 2 is a schematic of a system
for supplying water to the tank shown in Figures 1 and 5 and receiving
water from the tank in a reservoir. [0009] Figure 3 is 



a top plan view of an exemplary wafer;    [0010] Figure 4 is a top plan
view of another exemplary wafer;  



[0011] Figure 5 is a partially schematic cross-  section of a tank for
rinsing a wafer in accordance with another embodiment; [0012]Figure 6 is a
flow diagram showing a method of predicting the amount of contaminants
deposited on the surface of a wafer; [0013]Figure 7 is a flow diagram
showing another method of predicting the amount of contaminants deposited
on the surface of a wafer; 



[0014]Figure 8 is a flow diagram showing a method of predicting the amount
of contaminants deposited on the surface of a substrate; and  WO
2011/077339PCT/1B2010/055900 4 [0015]Figures 9-11 depict experimental data
in the form of graphs showing the relationship between the density of
various contaminants deposited on the surface of the wafer W at different
predetermined amounts of time. DETAILED DESCRIPTION [0016]Referring
initially to Figures 1 and 2, a system for rinsing a wafer W (broadly, a
substrate) is generally referred to as 100. Reference is made herein to
contamination deposited on the surface of the wafer W. The amount of
contaminants deposited on the surface of the wafer W may be expressed as a
concentration of contaminants (i.e., atoms of contaminants per unit area),
as parts-per notation (i.e., parts per million or trillion), or as mass per
unit area (i.e., grams per mm2). 



[0017]Figure 2 is a schematic diagram showing a supply source 50, the
system 100, and a reservoir 150 (or drain reservoir). Water (i.e., a fluid)
is supplied to the system 100 by the supply source 50. The supply source 50
may include one or more wells or a supply of water (e.g., a municipal water
supply system). The supply source 50 may include one or more treatment or
filtering mechanisms to filter impurities (e.g., particles and metals) from
the water prior to supplying it to the system 100. The system 100 and
supply source 50 are coupled together through any suitable fluid connection
mechanism (e.g., hoses and/or pipes). In one embodiment, supply source 50
includes one or more pumps to pump water from the supply source to the
system 100. In some embodiments, the system 100 only samples a portion of
the water supplied by the supply source 50. In other embodiments, the
system 100 samples all of the water WO 2011/077339PCT/1B2010/055900 5
supplied by the supply source 50. The supply source 50 may thus supply a
continuous flow of water to the system 100 such that water enters the
system 100 and flows therethrough to the reservoir 150. After receiving the
water from the system 100, the reservoir 150 may dispose of the water. In
other embodiments, the reservoir 150 may store or supply the water to
another process for further use or treatment. [0018]Referring now to Figure
1, the system 100 includes a tank 110 (broadly, a "container") which has a
bottom member 112 and four vertical side members 114 coupled thereto. The
bottom member 112 and side members 116 may be formed from any suitable
material, such as metal or plastic. Moreover, while the tank 110 of Figure
1 is rectangular in shape, in other embodiments the tank may be shaped
differently. [0019]The bottom member 112 and side members 114 form a
water-tight enclosure that is open at its top 116. The members 112, 114 are
joined together with any suitable joining mechanism, such as welding or
adhesive bonding. Moreover, in one embodiment, the members 112, 114 are
integrally formed from the same blank of material such that joining
mechanisms are unnecessary. In other embodiments, the tank 110 includes an
additional top member (not shown) coupled to side members 114 such that the
tank is an enclosed, multi-sided structure. [0020]A liquid 130 is disposed
within the 



tank 110. The amount of liquid 130 in the tank 110 is great enough such
that the wafers W are completely submerged in the liquid 130. However, in
one embodiment the wafers W are not completely submerged in the liquid  WO
2011/077339PCT/1B2010/055900 6 130. The liquid 130 in this embodiment is
water. In other embodiments, the liquid 130 is any suitable liquid (e.g., a
solvent) that has sufficient viscosity to flow through the tank 110.
[0021]The tank 110 of this embodiment has an inlet 118 and an outlet 120
(or drain) to permit the flow therethrough of the fluid 130. The inlet 118
is coupled to the supply source 50 and the outlet 120 is coupled to
reservoir 150. In the embodiment of Figure 1, the inlet 118 and outlet 120
are tubes with fittings (not shown) disposed on their respective outer ends
119, 121. The fittings permit coupling of the inlet 118 and outlet 120 to
other fluid-flow mechanisms (e.g., pipes, hoses, or tubes) that in turn are
coupled to the supply source 50 and reservoir 150, respectively. [0022]The
cross-sectional areas of the inlet 118 and outlet 120 are sufficiently
sized to achieve a desired flow rate through the tank 110. In the exemplary
embodiment, the cross-sectional areas of the inlet 118 and outlet 120 are
sized such that the flow rate is between 0 liters per minute and 50 liters
per minute. The positions of the inlet 118 and outlet 120 shown in Figure 1
are exemplary, and the inlet 118 and outlet 120 may be in different
positions. For example, either or both of the inlet 118 and outlet 120 may
be positioned adjacent the top 116 or bottom member 112 of the tank 110
without departing from the scope of the embodiments. Moreover, in some
embodiments the outlet 120 is configured and positioned such that liquid
130 overflows from the tank through the outlet 120. In these embodiments,
the outlet  WO 2011/077339PCT/1B2010/055900 



7 130 is similar in function and configuration to a spillway. [0023]In
Figure 1, the wafers W are positioned in the interior of the tank 110 by a
suitable support structure 140. The support structure 140 is configured to
permit the free flow of liquid 130 around substantially the entire outer
surfaces of the wafer W. The support structure 140 is formed from a
material that is non-reactive with the liquid 130 and does not release
contaminants when in the presence of the liquid and may be coated with
non-reactive layer of material (e.g., TeflonO). In the embodiment of Figure
1, three wafers W are positioned in the tank 110 by the support structure
140, while in other embodiments more or fewer wafers W are positioned in
the tank. Moreover, while the wafers W are shown in Figure 1 as being
positioned by the support structure 140 in a substantially vertical
arrangement, the wafers W may instead be supported in a different
orientation (e.g., horizontal or angled with respect to the bottom member
112 as shown in Figures 1 and 5) without departing from the scope of the
disclosure. In some embodiments, the support structure 140 is integrally
formed with the tank 110, while in others the support structure is a
separate component that is placed within the tank 110. Wafers W may be
placed into the support structure 140 either before or after the tank 110
is filled with liquid 130. In embodiments where the tank 110 is empty and
contains no liquid, the wafers W may be positioned therein by a vacuum
wand, such as a wand having a tip made of Teflon or other suitable
material. In embodiments where the tank 110 is substantially full of liquid
130, the wafers may be positioned therein by  WO
2011/077339PCT/1B2010/055900 8 robotic effectors coated in Teflon or
Teflon-like material. [0024]Referring now to Figures 3 and 4, two
differently shaped wafers are illustrated. In the embodiment of Figure 3,
the wafer W is sliced from an ingot, as is customary in the industry, and
can be made from silicon, germanium, gallium arsenide, or other suitable
materials. Alternatively, the wafer W may be square or rectangular as seen
in Figure 4 (e.g., of the type commonly used in the manufacture of solar
cells). In other embodiments, different types of substrates may be rinsed
in the system 100. The substrate may be of any type that has a surface onto
which impurities may be deposited. 



[0025]Referring now to Figure 5, a system 200 is shown that is similar to
the system 100 of Figure 1 and like reference numerals are used to refer to
similar components. The system 200 generally differs from the system 100 in
that the wafer W is positioned in a different configuration and is not
submerged or immersed in the liquid 130. The wafer W in the system 200 is
positioned in a generally horizontal orientation and supported by a support
member 127. The support member 127 supports and positions the wafer W
vertically above the surface of the liquid 130 in the tank 110. In some
embodiments, the support member 127 is coupled to a rotary motion device
(e.g., a motor) such that the support member (and hence the wafer W
positioned thereon) is selectively rotatable. According to one embodiment,
the support member 127 and wafer W positioned thereon are rotatable from 0
RPM (i.e., stationary) to 2000 RPM.  WO 2011/077339PCT/1B2010/055900 9
[0026]The inlet 118 of the tank 110 has an extension 125 attached thereto
and configured to direct the flow of liquid onto approximately a geometric
center of the surface of the wafer W. The extension 125 thus directs the
flow of liquid 130 to contact the surface of the wafer W. After contacting
the surface of the wafer W, the liquid 130 flows off of the surface of the
wafer W and is collected in the tank 110 before being directed therefrom
through the outlet 120. Moreover, reduced liquid flow rates may be used in
the system 200 compared to those used in the system 100. For example, after
the surface of the wafer W is sufficiently wetted with liquid 130, the flow
rate may be between 0 liters per minute and 2 liters per minute.
[0027]Figure 6 is a flow diagram depicting a method 300 of predicting the
amount of contaminants deposited on the surface of a wafer. In the method
300, the wafer W is contacted by liquid by immersing the wafer in liquid
130. In known systems, a wafer is typically rinsed in a tank for a period
of time (e.g., 1 to 10 minutes). Contaminants present in the liquid used to
rinse the wafer (e.g., water) are often deposited on the surface of the
wafer while the wafer is rinsed in the tank. As described above, amounts of
contaminants deposited on the surface of a wafer during a rinse may be such
that, while they negatively affect the properties of the wafer W, they are
not detectable by known detection systems (e.g., inductively coupled plasma
mass spectrometry). One such contaminant is nickel, the presence of which
on the surface of the wafer W negatively affects the properties of the
wafer even when the amount of nickel deposited thereon is below the level
detectable  WO 2011/077339PCT/1B2010/055900 



10 by known systems. Other contaminants that may be deposited include
sodium, aluminum, calcium, titanium, chromium, iron, cobalt, copper, and
zinc. Other metal contaminants may also affect the material properties of
the wafer W, even though the presence of metal contaminants under a certain
concentration is not detectable by known systems. [0028]As described
herein, the method 300 permits the detection of relatively small amounts of
contamination present in the liquid 130 that are not otherwise detectable
with known systems. For example, known systems are generally only able to
detect concentrations of contaminants on the surface of the wafer W that
are greater than about 2e8 atoms/cm2. The method 300 described below is
capable of detecting concentrations of contaminants that are substantially
below 2e8 atoms/cm2. For example, the method 300 is capable of detecting
concentrations of contaminants in the range of 1e5 atoms/cm2. [0029]The
method 300 of this embodiment begins at block 310 with the placing of
wafers W in the tank 110. The tank 110 may be cleaned prior to the
placement of the wafers W therein to ensure that the tank is free from
contamination. In some embodiments, the tank 110 may be washed with acid.
The wafers W are placed in the tank 110 and positioned therein by the wafer
support. While reference is made herein to a plurality of wafers W being
placed in the tank 110, a single wafer may instead be placed in the tank.
The placement of multiple wafers W in the tank 110 results in a
correspondingly larger sample of data collected in accordance with the
method 300.  WO 2011/077339PCT/1B2010/055900 11 [0030]In block 320, the
flow of liquid 130 through the tank 110 begins. The liquid 130 in this
embodiment is water. In other embodiments the liquid 130 may be any
suitable liquid, such as a solvent. The liquid 130 first flows into the
tank 110 through the inlet 118. The liquid 130 may first be filtered before
entering the tank 110 through the inlet 118. In one embodiment, the liquid
130 (e.g., water) may be filtered such that it has a low enough level of
contaminants and is referred to as ultra pure water (i.e., water containing
less 1 part-pertrillion (ppt) of any metal contaminant). As the liquid 130
flows into the tank 110, the level of the liquid rises and eventually
reaches the level of the outlet 120 of the tank. The liquid 130 then flows
out of the tank 110 through the outlet 120. The liquid 130 may then be
disposed of or recycled after flowing out of the tank 110. As described
above, the wafers W may instead be placed within the tank 110 after it is
filled with liquid 130. 



[0031]At block 330, the flow of liquid 130 through the tank 110 continues
for a predetermined period of time. In some embodiments, the predetermined
period of time is referred to as a soak time. The predetermined period of
time may be selected according to numerous factors. For example, if a
threshold for the detection of a contaminant on the surface of the wafer W
is 2e8 atoms/cm2, the predetermined period of time may be selected such
that the amount of contamination deposited on the surface of the wafer W is
likely to exceed the threshold detection level. According to some
embodiments, the predetermined period of time is approximately 100 to 150
times greater than the normal rinse time. With a rinse time of five
minutes, the predetermined period of time is  WO
2011/077339PCT/1B2010/055900 12 thus in the range of 500 to 1000 minutes.
In one embodiment, the predetermined period of time is 750 minutes.
[0032]The flow of liquid 130 through the tank 110 ceases at block 340.
After cessation of the flow of liquid 130, the liquid may be drained or
otherwise removed from the tank. The wafers W may then be dried such that
any residual liquid 130 present on the surface is removed. In another
embodiment, the wafers W may be removed from the tank 110 while liquid is
still present therein such that the wafers are at least partially immersed
in the liquid prior to their removal. The wafers W may be removed from the
tank 110 in this embodiment with the same type of robotic mechanism
described above. [0033]In block 350 the amount of contaminants deposited on
the surface of the wafer W are determined. Various methods may be used to
determine the amount and/or concentration of the contaminants deposited on
the surface of the wafer W. For example, inductively coupled plasma mass
spectrometry (ICP-MS) may be used to analyze the surface of the wafer W to
determine the amount and/or concentration of the contaminants deposited
thereon during the method 300. Concentration of contaminants may be
expressed as the number of atoms of contaminants deposited on a given area
of the surface of the wafer (e.g., atoms per cm2. In other embodiments,
different methods may be used to determine the amount and/or concentration
of the contaminants deposited on the surface of the wafer W, such as total
reflectance X-ray fluorescence (TXRF).  



WO 2011/077339PCT/1B2010/055900 13 [0034]At block 360, a prediction is made
as to the amount of contaminants deposited on the surface of the wafer W
for a period of time less than the predetermined period of time in block
330. The period of time less than the predetermined period of time in one
embodiment is the typical rinse time for the wafer W (e.g., 1 to 10
minutes). In one embodiment, the typical rinse time is 5 minutes and the
predetermined period of time is 750 minutes. [0035]In some embodiments, the
steps performed in blocks 310 - 350 may only be performed either to
establish a base line level of contamination or to verify the expected
contamination levels. Once the determination is made in block 350, the
prediction made in block 360 may be performed independently each time a
wafer is rinsed in the liquid. Thus, the determination made in block 350 is
not required to be performed every time the prediction in block 360 is
performed. Instead, the steps performed in block 310-350 may be performed
to calibrate the rinsing system, and the prediction performed in block 360
is performed on each wafer rinsed in the rinsing system. [0036]The rate of
deposition of contamination on the surface of the wafer W is assumed to be
generally linear, and as such a linear interpolation is used to predict or
determine the amount and/or concentration of contaminants that are
deposited on the surface of the wafer during the typical wafer rinse time.
For example, in one embodiment 2e10 atoms/cm2were deposited on the surface
of the wafer in 750 minutes and a rinse time of the wafers W is 5 minutes.
The  WO 2011/077339PCT/1B2010/055900 14 



concentration of contamination deposited on the surface of the wafer W is
thus determined by multiplying the concentration of contaminants determined
in block 350 by the ratio of the typical rinse time (e.g., 5 minutes) to
the predetermined period of time (e.g., 750 minutes). In this embodiment,
the concentration of the contaminants deposited on the surface of the wafer
during a typical rinse is thus determined to be 1.33e8 atoms/cm2.
Accordingly, the linear interpolation is thus represented by the equation:
c = Tr-*Ec, where c equals the TP concentration of contaminants deposited
on the surface of the wafer during a typical rinse of the wafer W, Tr
equals the length of time of a typical wafer rinse, Tp equals the
predetermined period of time, and Ec equals the concentration of
contaminants determined in block 350. [0037]In other embodiments, the rate
of deposition of contamination on the surface W is not generally linear. In
these embodiments, the method 300 may be repeated several times and each
time the predetermined period of time may be varied. Accordingly, multiple
pairs of values for contaminant concentration levels and corresponding
predetermined periods of time are determined. The pairs of values may then
be used in any number of numerical interpolation methods to determine the
rate of deposition of contaminants on the surface of the wafer W. The
determined rate of deposition may then be multiplied by the rinse time of
the wafer to arrive at the amount and/or concentration of contaminants
deposited on the surface of the wafer.  WO 2011/077339PCT/1B2010/055900 15
[0038]The method 300 described above thus permits the detection of amounts
of contaminants in the liquid 130 well below those detectable by known
systems. In known systems, the lower limit of detection of the most
sensitive ICP-MS methods is about 0.1 ppt. Accordingly, the presence of
contaminants in the liquid 130 and on the surface of the wafer W are
detectable by the method 300 even though the amount of contaminants is well
below those detectable by known systems. 



[0039]Figure 7 is a flow diagram depicting a method 400 of predicting the
amount of contaminants deposited on the surface of a wafer. In the method
400, the wafer W is contacted by liquid by directing the flow of liquid 130
to contact the surface of the wafer W. The method 400 is generally similar
to the method 300 described above, except that liquid is directed to flow
onto the wafer. In some embodiments, the method 400 is used in conjunction
with the system 100 or system 200 described above. The method 400 of this
embodiment begins at block 410 with the placing of the wafer W in the tank
110. The tank 110 may be cleaned prior to the placement of the wafers W
therein to ensure that the tank is free from contamination. In some
embodiments, the tank 110 may be washed with acid. The wafer W is placed in
the tank 110 and positioned therein by the support member 127. [0040]In
block 420, the flow of liquid 130 onto the surface of the wafer W begins.
The liquid 130 in this embodiment is water. In other embodiments, the
liquid 130 may be any suitable liquid, such as a solvent. The liquid 130
first flows into the tank 110 through the inlet 118. The liquid 130 may
first be filtered before  WO 2011/077339PCT/1B2010/055900 16 entering the
tank 110 through the inlet 118. In one embodiment, the liquid 130 (e.g.,
water) may be filtered such that it has a low enough level of contaminants
and is referred to as ultra pure water. The liquid 130 may be directed to
flow onto the surface of the wafer W by the extension 125 coupled to the
inlet 118. After flowing across the surface of the wafer W, the liquid 130
then flows into the tank 110. The liquid 130 then flows out from the tank
110 through the outlet 120. The liquid 130 may then be disposed of or
recycled after flowing out of the tank 110. In another embodiment, the
wafer W may be rotated by the support member 127 as liquid flows onto the
surface of the wafer W, [0041]At block 430, the flow of liquid 130 onto the
surface of the wafer W continues for a predetermined period of time. For
example, if a threshold for the detection of a contaminant on the surface
of the wafer W is 2e8 atoms/cm2, the predetermined period of time may be
selected such that the amount of contamination deposited on the surface of
the wafer W is likely to exceed the threshold detection level. According to
some embodiments, the predetermined period of time is approximately 100 to
150 times greater than the normal rinse time. With a rinse time of five
minutes, the predetermined period of time is thus in the range of 500 to
1000 minutes. In one embodiment, the predetermined period of time is 750
minutes. [0042]The flow of liquid 130 onto the 



surface of the wafer W ceases at block 440. After cessation of the flow of
liquid 130, the liquid may be drained or otherwise removed from the tank.
The wafer W  WO 2011/077339PCT/1B2010/055900 17 may then be dried such that
any residual liquid 130 present on the surface is removed. [0043]In block
450 the amount of contaminants deposited on the surface of the wafer W are
determined in a manner similar to or the same as that described above in
block 350. At block 460, a prediction is made as to the amount of
contaminants deposited on the surface of the wafer W for a period of time
less than the predetermined period of time in block 430. The period of time
less than the predetermined period of time in one embodiment is the typical
rinse time for the wafer W (e.g., 1 to 10 minutes). In one embodiment, the
typical rinse time is 5 minutes and the predetermined period of time is 750
minutes. The prediction made in block 460 is done in a substantially
similar or the same method as that described above in block 360. [0044]The
method 400 described above thus permits the detection of amounts of
contaminants in the liquid 130 well below those detectable by known
systems. Accordingly, the presence of contaminants in the liquid 130 and on
the surface of the wafer W is detectable even though the amount of
contaminants is well below those detectable by known systems. [0045]Figure
8 is a flow diagram depicting a 



method 500 of predicting the amount of contaminants deposited on the
surface of a substrate. The method 500 is generally similar to the method
300 described above, except that the method 500 is used to predict the
contaminants deposited on the surface of a substrate, instead of a wafer.
The method 500 uses the amount of contaminants deposited on the surface of
the wafer W to  WO 2011/077339PCT/1B2010/055900 18 predict the amount of
contaminants deposited on the surface of the substrate. The method 500 is
useful in predicting the amount of contaminants deposited on substrates
that have material properties which make them ill-suited for typical
contaminant testing methods (e.g., ICP-MS) because of the testing methods
use of acid or other chemicals. Examples of such substrates include those
comprising quartz, sapphire, germanium, or any other material that is
ill-suited for typical contaminant testing methods. While a wafer is used
to predict the amount of contaminants deposited on the surface of a
substrate in this embodiment, another substrate may be used instead of the
wafer for this purpose. Moreover, the method 500 is also used to determine
the metals content of water in which the wafer W is placed. [0046]Although
the method 500 is described herein for use with the system 100, the method
may be used in conjunction with either the system 100 or system 200
described above and thus the wafer W may either be submerged in the liquid
130 or its surface may instead be contacted by a flow of liquid 130.
[0047]The method 500 of this embodiment begins at block 510 with the
placing of the wafer W in the tank 110. The wafer W may be placed in the
tank by a suitable vacuum wand as described above. The tank 110 may be
cleaned prior to the placement of the wafer W therein to ensure that the
tank is free from contamination. In some embodiments, the tank 110 may be
washed with acid. The wafer W is placed in the support member 140 in the
tank 110.  WO 2011/077339PCT/1B2010/055900 



19 [0048]In block 520, the flow of liquid 130 onto the surface of the wafer
W begins. The liquid 130 in this embodiment is water. In other embodiments
the liquid 130 may be any suitable liquid, such as a solvent. The liquid
130 first flows into the tank 110 through the inlet 118. The liquid 130 may
first be filtered before entering the tank 110 through the inlet 118. In
one embodiment, the liquid 130 (e.g., water) may be filtered such that it
has a low enough level of contaminants and is referred to as ultra pure
water. The liquid 130 then flows out from the tank 110 through the outlet
120. The liquid 130 may then be disposed of or recycled after flowing out
of the tank 110. [0049]At block 530, the flow of liquid 130 into the tank
110 continues for a predetermined period of time. For example, if a
threshold for the detection of a contaminant on the surface of the wafer W
is 2e8 atoms/cm2, the predetermined period of time may be selected such
that the amount of contamination deposited on the surface of the wafer W is
likely to exceed the threshold detection level. According to some
embodiments, the predetermined period of time is approximately 100 to 150
times greater than the normal rinse time. With a rinse time of five
minutes, the predetermined period of time is thus in the range of 500 to
1000 minutes. In one embodiment, the predetermined period of time is 750
minutes. [0050]The flow of liquid 130 into the tank 110 ceases at block
540. After cessation of the flow of liquid 130, the liquid may be drained
or otherwise removed from the tank 110. The wafer W may then be dried such
WO 2011/077339PCT/1B2010/055900 20 that any residual liquid 130 present on
the surface is removed. 



[0051]In block 550 the amount of contaminants deposited on the surface of
the wafer W are determined in a manner similar to or the same as that
described above in block 350 or block 450. At block 560, a prediction is
made as to the amount of contaminants deposited on the surface of a
substrate for a period of time less than the predetermined period of time
in block 530. The period of time less than the predetermined period of time
in one embodiment is the typical rinse time for the substrate (e.g., 1 to
10 minutes). In one embodiment, the typical rinse time is 5 minutes and the
predetermined period of time is 750 minutes. The prediction made in block
560 is done in a substantially similar or the same method as that described
above in block 360. EXPERIMENTAL DATA [0052]Figures 9-11 depict examples of
experimental data in the form of graphs. The graphs generally show the
density of various contaminants deposited on the surface of the wafer W at
predetermined times (e.g., "soak times" or "immersion times"). [0053]In
Figure 9, a graph 600 shows the density of cobalt and copper as a function
of different soak times. As shown in the graph 600, the density of cobalt
and copper on the surface of the wafer W increases in a generally linear
fashion as the soak times increase.  WO 2011/077339PCT/1B2010/055900 21
[0054]Some of the data shown in graphs 700, 



800 of Figures 10 and 11, respectively, were obtained by "spiking" the
water in which the wafers were immersed with contaminant-containing
solutions. Three data points are shown for each of the different immersion
times. The first data point is referred to as "blank" and represents
instances where the water was not spiked with any contaminant-containing
solution. However, even when the water was not spiked, relatively low
background levels of contaminants were present in the water. The second
data point represents instances where the water was spiked with
contaminant-containing solution having 60 parts per quadrillion contaminant
concentration. The third data point represents instances where the water
was spiked with contaminant-containing solution having 600 parts per
quadrillion contaminant concentration. [0055]The graph 700 of Figure 10
shows the density of nickel for three nickel-containing solutions on the
surface of the wafer W as a function of different immersion times. The
density of the nickel on the surface of the wafer W increases in a
generally linear manner as the immersion times increase for a solution
having 600 parts per quadrillion of nickel. [0056]Figure 11 (graph 800)
shows the density of chromium for three chromium-containing solutions on
the surface of the wafer W as a function of different immersion times.
Again, the first data point is referred to as "blank" and represents
instances where the water was not spiked with any contaminant-containing
solution.As shown in the graph 800, the density of the chromium on the
surface of the wafer W increases in a  WO 2011/077339PCT/1B2010/055900 22
generally linear manner as immersion times increase for a solution having
600 parts per quadrillion of chromium. [0057]When introducing elements of
the 



present invention or the embodiment(s) thereof, the articles "a", "an",
"the" and "said" are intended to mean that there are one or more of the
elements. The terms "comprising", "including" and "having" are intended to
be inclusive and mean that there may be additional elements other than the
listed elements. [0058]As various changes could be made in the above
constructions without departing from the scope of the invention, it is
intended that all matter contained in the above description and shown in
the accompanying drawing[s] shall be interpreted as illustrative and not in
a limiting sense.  WO 2011/077339PCT/1B2010/055900 23 WHAT IS CLAIMED IS:
1. A method for predicting contaminants deposited on a semiconductor wafer
having at least two wafer surfaces, the method comprising:       contacting
the wafer with the water for a first period of time; drying the wafer;
analyzing the wafer to determine contaminants on at least one of the wafer
surfaces; 



predicting the contaminants that will be deposited on the wafer when
contacting the wafer with water for a second period of time shorter than
the first period of time.        2. The method of claim 1 wherein the first
period of time is at least 500 minutes and the second period of time is
less than 50 minutes.        3. The method of claim 1 wherein the first
period of time is at least 700 minutes and the second period of time is
less than 20 minutes.        4. The method of claim 1 wherein a predicted
concentration of contaminants is less than 2e8 atoms/cm2.        5. The
method of claim 1 wherein a predicted concentration of contaminants is less
than 1e6 atoms/cm2.        6. The method of claim 1 wherein the
contaminants detected are metals.  WO 2011/077339PCT/1B2010/055900 24
7. The method of claim 6 wherein the contaminants detected include nickel.
8. The method of claim 1 wherein the wafer is oriented substantially
parallel to a vertical sidewall of the container. 



9. The method of claim 1 wherein the wafer is oriented substantially
perpendicular to a vertical sidewall of the container.        10. The
method of claim 1 further comprising determining the metal content in the
water based on the metal content on the wafer surfaces.        11. The
method of claim 1 further comprising analyzing the wafer to determine metal
content on the wafer surfaces prior to contacting the wafer with the water.
12. The method of claim 1 further comprising placing the wafer in the
container prior to contacting the wafer with water.        13. The method
of claim 1 further comprising placing the wafer in the container while
water is present in the container.        14. The method of claim 1 further
comprising contacting the wafer with water by immersing the wafer in the
water.        15. The method of claim 1 further comprising contacting the
wafer with water by directing a flow of water to contact the wafer
surfaces.  WO 2011/077339PCT/1B2010/055900 25        16. A method for
determining metal content in a container of water, the method comprising; 



contacting a substrate with the water for a predetermined period of time,
the substrate having a surface; drying the substrate;       analyzing the
substrate surface to determine metal content;       determining the metal
content in the water from the metal content on the substrate surfaces.
17. The method of claim 16 wherein the predetermined period of time is at
least 500 minutes.        18. The method of claim 16 wherein the
predetermined period of time is at least 700 minutes.        19. The method
of claim 16 wherein the contaminants detected are metals.        20. The
method of claim 19 wherein the contaminants detected include nickel.
21. A method for predicting contaminants deposited on a substrate after
contacting the substrate with water in a container, the method comprising;
contacting a wafer with the water for a first period of time, the wafer
having wafer surfaces; drying the wafer; 



WO 2011/077339PCT/1B2010/055900 26       analyzing the wafer to determine
contaminants on the wafer surfaces;       predicting the contaminants
deposited on the substrate when contacting the substrate with water in the
container for a second period of time shorter than the first period of
time.       22. The method of claim 21 wherein the substrate contains at
least one of quartz, sapphire, or germanium. 




