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WAFER DRYING APPARATUS AND WAFER DRYING METHOD

BACKGROUND
Field of the Invention:

The present invention relates to a wafer drying apparatus and a wafer drying
method capable of drying not only a wafer having a diameter of 300 mm, but also a wafer
having a diameter of 450 mm or more, and more particularly to an apparatus and a
method for drying a polished wafer by a jet of a gas after cleaning of the polished wafer.
Description of the Related Art:

A CMP process of chemically mechanically polishing a wafer is performed by
rubbing a surface of the wafer against a polishing surface while supplying a polishing
liquid (i.e., slurry), containing abrasive grains, onto the polishing surface. The abrasive
grains and polishing debris remain on the polished wafer. Thus, the wafer is sent to a
cleaning chamber and cleaned in the cleaning chamber. Cleaning of the wafer is
performed by supplying of a chemical liquid, rinsing of a wafer with pure water, and the
like. The cleaned wafer is further transported to a drying chamber, where the wafer is
dried.

The polished wafer may have an exposed silicon on its surface. If the wafer is
dried with pure water present on the silicon, a watermark is likely to be formed on the
surface of the wafer. A mechanism of the formation of the watermark is generally
considered as follows. Oxygen present in the air is dissolved in pure water on a wafer,
thus inducing dissolution of silicon in the pure water or inducing dissolution of silicon
oxide (e.g., SixOy) in the pure water. When such pure water is vaporized, silicon hydrate
remains as a precipitate on the surface of the wafer. This precipitate is the watermark.

The watermark may cause a defect of devices formed on the wafer or a decrease
in performance of the devices. However, once the watermark is formed, it is extremely
difficult to remove the watermark from the wafer. Therefore, it is very important to

prevent the formation of the watermark when drying a wafer.
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SUMMARY OF THE INVENTION

The present invention has been made in view of the above drawback. It is
therefore an object of the present invention to provide a wafer drying apparatus and a
wafer drying method capable of preventing formation of a watermark.

In one aspect of the present invention, there is provided a wafer drying apparatus
comprising: a conveying mechanism configured to convey a wafer in a drying chamber;
an inert-gas jet nozzle disposed above the conveying mechanism and configured to form a
descending jet of an inert gas; and a liquid suction nozzle disposed upstream of the inert-
gas jet nozzle with respect to a conveying direction of the wafer, a distance between the
liquid suction nozzle and a surface of the wafer when the wafer is being conveyed by the
conveying mechanism being in a range of 1 mm to 2 mm.

In a preferred aspect of the present invention, the liquid suction nozzle has a
cylindrical shape.

In a preferred aspect of the present invention, the liquid suction nozzle comprises
a downstream-side liquid suction nozzle, and the wafer drying apparatus further
comprises an upstream-side liquid suction nozzle disposed upstream of the downstream-
side liquid suction nozzle.

In a preferred aspect of the present invention, a distance between the
downstream-side liquid suction nozzle and the upstream-side liquid suction nozzle is one-
third to one-half of a diameter of the wafer.

In a preferred aspect of the present invention, the inert-gas jet nozzle comprises a
slit nozzle which is longer than a diameter of the wafer.

In a preferred aspect of the present invention, the inert-gas jet nozzle is inclined
at an angle ranging from 45 degrees to 85 degrees with respect to the surface of the wafer
when the wafer is being conveyed by the conveying mechanism.

In a preferred aspect of the present invention, the inert-gas jet nozzle is located at

a distance in a range of 1 mm to 4 mm from the surface of the wafer when the wafer is
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being conveyed by the conveying mechanism.

In one aspect of the present invention, there is provided a wafer drying apparatus
comprising: a conveying mechanism configured to convey a wafer in a drying chamber in
which an inert gas has been supplied; an inert-gas jet nozzle disposed above the
conveying mechanism and configured to form a descending jet of an inert gas toward the
wafer; and a liquid suction nozzle disposed upstream of the inert-gas jet nozzle with
respect to a conveying direction of the wafer, a distance between the liquid suction nozzle
and the inert-gas jet nozzle being in a range of 1 mm to 5 mm.

In one aspect of the present invention, there is provided a wafer drying method
comprising: forming a descending jet of an inert gas in a drying chamber; sucking a liquid
film existing on a surface of a wafer by a liquid suction nozzle to reduce a thickness of
the liquid film to 2 mm or less, while conveying the wafer in the drying chamber; and
pushing the liquid film out of the wafer by the descending jet of the inert gas.

In a preferred aspect of the present invention, the wafer drying method further
comprises keeping a concentration of oxygen in the drying chamber at 0.5% or less.

According to the present invention, liquid (e.g., pure water) on a wafer is sucked
by the liquid suction nozzle, thereby forming a thinner liquid film. Therefore, an
amount of oxygen dissolved in the liquid film is reduced, and as a result, the formation of
the watermark can be prevented. Moreover, since the inert gas is supplied into the
drying chamber, the oxygen is expelled from the drying chamber. Therefore, almost no
oxygen is dissolved in the liquid film on the wafer. Further, the oxygen present in the
thinner liquid film is replaced with molecules of nitrogen or other element that constitutes
the inert gas (i.e., the oxygen is purged from the liquid film), so that a concentration of
oxygen in the liquid film is further reduced. As a result, the formation of the watermark

on the wafer that has been dried can be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of an entirety of a wafer processing apparatus which
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includes a wafer drying apparatus according to an embodiment of the present invention;

FIG. 2 is a schematic view showing a drying unit which is an embodiment of the
wafer drying apparatus;

FIG. 3 is a plan view showing a roller conveyer, an upper inert-gas jet nozzle,
and a liquid suction nozzle shown in FIG. 2;

FIG. 4A, FIG. 4B, FIG. 4C, and FIG. 4D are views each showing a manner in
which liquid present on an upper surface of a wafer is removed by the liquid suction
nozzle and a jet of inert gas;

FIG. 5 is a graph showing results of experiments in which watermarks formed on

upper surfaces of wafers were counted after the wafers were dried under various

conditions;

FIG. 6 is a schematic view showing a drying unit which includes an upstream-
side liquid suction nozzle and a downstream-side liquid suction nozzle; and

FIG. 7A, FIG. 7B, FIG. 7C, and FIG. 7D are views each showing a manner in
which liquid on an upper surface of a wafer is removed by the liquid suction nozzles and

a jet of inert gas.

DESCRIPTION OF EMBODIMENTS

Embodiments of the present invention will now be described with reference to
the drawings.

FIG. 1 is a schematic view of an entirety of a wafer processing apparatus which
includes a wafer drying apparatus according to an embodiment of the present invention.
The wafer processing apparatus includes a polishing unit 1 for polishing a wafer W, a
cleaning unit 2 for cleaning the polished wafer W, and a drying unit 3 for drying the
cleaned wafer W. The drying unit 3 is an embodiment of the wafer drying apparatus.

The polishing unit 1 is a polishing apparatus for chemically mechanically
polishing a wafer W. The polishing unit 1 includes a polishing table 11 for supporting a

polishing pad 10, a polishing head 12 for holding and rotating the wafer W, and a
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polishing-liquid supply nozzle 15 for supplying a polishing liquid (or slurry) onto the
polishing pad 10.  An upper surface of the polishing pad 10 provides a polishing surface
for polishing a surface of the wafer W. The polishing table 11 is coupled to a table
motor (not shown), so that the polishing pad 10 and the polishing table 11 are rotated
together by the table motor. The polishing head 12 is configured to be able to hold the
wafer W on a lower surface of the polishing head 12 by vacuum suction. The polishing
head 12 is coupled to a rotating device (not shown).

Polishing of the wafer W is performed as follows. The polishing liquid is
supplied from the polishing-liquid supply nozzle 15 onto the polishing surface of the
polishing pad 10, while the polishing table 11 and the polishing pad 10 are rotated. In
this state, the polishing head 12, which is holding the wafer W, presses the wafer W
against the polishing surface of the polishing pad 10, while the polishing head 12 is
rotating. The surface of the wafer W is polished by a mechanical action of abrasive
grains contained in the polishing liquid and a chemical action of a chemical component of
the polishing liquid. Such polishing unit 1 may be called a CMP (chemical mechanical
polishing) apparatus.

The polished wafer W is transported to the cleaning unit 2 by a transporter 30.
The transporter 30 has a function to overturn the wafer W. The transporter 30 receives
the polished wafer W from the polishing head 12 of the polishing unit 1, overturns the
wafer W such that the polished surface faces upward, and transports the wafer W to the
cleaning unit 2.

The cleaning unit 2 and the drying unit 3 are coupled in series. An entrance
roller conveyer 32 is provided at an entrance of the cleaning unit 2. The wafer W, with
its polished surface facing upward, is horizontally placed on the entrance roller conveyer
32 by the transporter 30. An exit roller conveyer 33 is provided at an exit of the drying
unit 3.

The entrance roller conveyer 32 has a plurality of rollers 35, which are arranged

at predetermined intervals along a conveying direction of the wafer W and are parallel to
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each other. These rollers 35 are configured to rotate in the same direction in
synchronization with each other. The exit roller conveyer 33 has a plurality of rollers 36,
which are arranged at predetermined intervals along the conveying direction of the wafer
W and are parallel to each other. These rollers 36 are configured to rotate in the same
direction in synchronization with each other.

The cleaning unit 2 includes a chemical-liquid cleaning section 40 for cleaning
the wafer W by supplying a chemical liquid onto the wafer W, a two-fluid cleaning
section 50 for further cleaning the wafer W by delivering a two-fluid jet to the wafer W,
an ultrasonic cleaning section 60 for further cleaning the wafer W by irradiating liquid on
the wafer W with ultrasonic waves. The chemical-liquid cleaning section 40, the two-
fluid cleaning section 50, and the ultrasonic cleaning section 60 are arranged in this order
in series.

The chemical-liquid cleaning section 40 includes a structure 42 in which a
chemical-liquid cleaning chamber 41 is formed, a roller conveyer 43 disposed in the
chemical-liquid cleaning chamber 41, a chemical-liquid supply nozzle 46 for supplying
chemical liquid onto an upper surface of the wafer W which is being conveyed by the
roller conveyer 43, and a pure-water supply nozzle 47 for supplying pure water onto a
lower surface of the wafer W. The roller conveyer 43 has a plurality of rollers 44, which
are arranged at predetermined intervals along the conveying direction of the wafer W and
are parallel to each other. These rollers 44 are configured to rotate in the same direction
in synchronization with each other. The wafer W to be cleaned is delivered into the
chemical-liquid cleaning chamber 41 by the entrance roller conveyer 32, and is
transferred to the roller conveyer 43. The wafer W is horizontally conveyed in the
chemical-liquid cleaning chamber 41 by the roller conveyer 43.

The chemical-liquid supply nozzle 46 is disposed above the roller conveyer 43,
and is oriented downwardly. The pure-water supply nozzle 47 is disposed below wafer
supporting surfaces which are constructed from top portions of the rollers 44 of the roller

conveyer 43. The pure-water supply nozzle 47 is oriented upwardly. The chemical-
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liquid supply nozzle 46 supplies the chemical liquid onto the upper surface of the wafer
W that is being conveyed by the roller conveyer 43, thereby cleaning the upper surface of
the wafer W with a chemical component of the chemical liquid. Simultaneously, the
pure-water supply nozzle 47 supplies the pure water onto the lower surface of the wafer
W that is being conveyed by the roller conveyer 43, thereby cleaning the lower surface of
the wafer W with the pure water. The wafer W, which has been cleaned in the chemical-
liquid cleaning section 40, is transported to the two-fluid cleaning section 50 by the roller
conveyer 43.

The two-fluid cleaning section 50 includes a structure 52 in which a two-fluid
cleaning chamber 51, adjacent to the chemical-liquid cleaning chamber 41, is formed, a
roller conveyer 53 disposed in the two-fluid cleaning chamber 51, a two-fluid jet nozzle
56 for forming a two-fluid jet directed toward the upper surface of the wafer W that is
being conveyed by the roller conveyer 53, and a pure-water supply nozzle 57 for
supplying pure water onto the lower surface of the wafer W. The two-fluid jet is a jet of
fluid mixture of liquid (e.g., pure water) and gas (e.g., nitrogen gas or air).

The roller conveyer 53 has a plurality of rollers 54, which are arranged at
predetermined intervals along the conveying direction of the wafer W and are parallel to
each other. These rollers 54 are configured to rotate in the same direction in
synchronization with each other. The wafer W that has been cleaned by the chemical-
liquid cleaning section 40 is delivered into the two-fluid cleaning chamber 51 by the
roller conveyer 43, and is transferred to the roller conveyer 53. The wafer W is
horizontally conveyed in the two-fluid cleaning chamber 51 by the roller conveyer 53.

The two-fluid jet nozzle 56 is disposed above the roller conveyer 53, and is
oriented downwardly. The pure-water supply nozzle 57 is disposed below wafer
supporting surfaces which are constructed from top portions of the rollers 54 of the roller
conveyer 53. The pure-water supply nozzle 57 is oriented upwardly. The two-fluid jet
nozzle 56 delivers the two-fluid jet to the upper surface of the wafer W that is being

conveyed by the roller conveyer 53, thereby removing the polishing liquid (or slurry) and
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polishing debris from the upper surface of the wafer W. Simultaneously, the pure-water
supply nozzle 57 supplies the pure water onto the lower surface of the wafer W that is
being conveyed by the roller conveyer 53, thereby cleaning the lower surface of the wafer
W with the pure water. The wafer W that has been cleaned in the two-fluid cleaning
section 50 is transported to the ultrasonic cleaning section 60 by the roller conveyer 53.

The ultrasonic cleaning section 60 includes a structure 62 in which an ultrasonic
cleaning chamber 61, adjacent to the two-fluid cleaning chamber 51, is formed, a roller
conveyer 63 disposed in the ultrasonic cleaning chamber 61, an upper liquid supply
nozzle 65 for supplying a liquid onto the upper surface of the wafer W being conveyed by
the roller conveyer 63, an ultrasonic vibration device 66 configured to generate ultrasonic
waves which propagate through the liquid that has been supplied from the upper liquid
supply nozzle 65, and a lower liquid supply nozzle 67 for supplying a liquid onto the
lower surface of the wafer W being conveyed by the roller conveyer 63. The liquids to
be supplied from the upper liquid supply nozzle 65 and the lower liquid supply nozzle 67
may preferably be pure water which can serve as rinsing liquid.

The roller conveyer 63 has a plurality of rollers 64, which are arranged at
predetermined intervals along the conveying direction of the wafer W and are parallel to
each other. These rollers 64 are configured to rotate in the same direction in
synchronization with each other. The wafer W that has been cleaned by the two-fluid
cleaning section 50 is delivered into the ultrasonic cleaning chamber 61 by the roller
conveyer 53, and is transferred to the roller conveyer 63. The wafer W is horizontally
conveyed in the ultrasonic cleaning chamber 61 by the roller conveyer 63.

The upper liquid supply nozzle 65 is disposed above the roller conveyer 63, and
is oriented obliquely downwardly. The ultrasonic vibration device 66 is disposed
slightly above wafer supporting surfaces of the roller conveyer 63, and is adjacent to the
upper liquid supply nozzle 65. When the liquid is supplied from the upper liquid supply
nozzle 65 onto the upper surface of the wafer W, a flow of the liquid is formed on the

upper surface of the wafer W, and the ultrasonic vibration device 66 contacts the liquid
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flowing on the wafer W. The ultrasonic vibration device 66, which is in contact with the
liquid, generates the ultrasonic waves. The ultrasonic waves propagate through the
liquid to reach the upper surface of the wafer W, thereby removing fine particles from the
upper surface of the wafer W. Simultaneously, the lower liquid supply nozzle 67
supplies liquid onto the lower surface of the wafer W being conveyed by the roller
conveyer 63, thereby cleaning the lower surface of the wafer W with the liquid. The
wafer W that has been cleaned in the ultrasonic cleaning section 60 is transported to the
drying unit 3 by the roller conveyer 63.

The drying unit 3 is adjacent to the cleaning unit 2. The drying unit 3 is a wafer
drying apparatus configured to dry the wafer W which has been cleaned in the cleaning
unit 2. The drying unit 3 includes a structure 72 in which a drying chamber 71, adjacent
to the cleaning unit 2, is formed, a roller conveyer 73 as a conveying mechanism which
conveys the wafer W in the drying chamber 71, an upper inert-gas jet nozzle 75 which is
disposed above the roller conveyer 73 and is configured to form a descending jet of an
inert gas such as a nitrogen gas, a lower inert-gas jet nozzle 76 which is disposed below
wafer supporting surfaces 74a of the roller conveyer 73 and is configured to form an
ascending jet of an inert gas such as a nitrogen gas, and a liquid suction nozzle 81
disposed upstream of the upper inert-gas jet nozzle 75 with respect to the conveying
direction of the wafer W. The roller conveyer 73, the upper inert-gas jet nozzle 75, the
lower inert-gas jet nozzle 76, and the liquid suction nozzle 81 are disposed in the drying
chamber 71.

The roller conveyer 73 has a plurality of rollers 74, which are arranged at
predetermined intervals along the conveying direction of the wafer W and are parallel to
each other. These rollers 74 are configured to rotate in the same direction in
synchronization with each other. The wafer W that has been cleaned in the cleaning unit
2 is delivered into the drying chamber 71 by the roller conveyer 63, and is transferred to
the roller conveyer 73. The wafer W is horizontally conveyed in the drying chamber 71

by the roller conveyer 73.
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FIG. 2 is a schematic view showing the drying unit 3 which is an embodiment of
the wafer drying apparatus. The upper inert-gas jet nozzle 75 is disposed above the
wafer supporting surfaces 74a of the roller conveyer 73, and the lower inert-gas jet nozzle
76 is disposed below the wafer supporting surfaces 74a of the roller conveyer 73. The
wafer supporting surfaces 74a of the roller conveyer 73 are constructed from top portions
of the rollers 74. The upper inert-gas jet nozzle 75 is oriented obliquely downwardly,
while the lower inert-gas jet nozzle 76 is oriented obliquely upwardly. The upper inert-
gas jet nozzle 75 is configured to form the descending jet of the inert gas directed toward
the upper surface of the wafer W, and the lower inert-gas jet nozzle 76 is configured to
form the ascending jet of the inert gas directed toward the lower surface of the wafer W.

An angle o of inclination of the upper inert-gas jet nozzle 75 with respect to the
upper surface of the wafer W being conveyed by the roller conveyer 73 is in a range of 45
degrees to 85 degrees, and preferably in a range of 60 degrees to 75 degrees. The angle
of inclination of the upper inert-gas jet nozzle 75 is determined from the viewpoint of
effectively removing the liquid (e.g., pure water) on the wafer W at a lower flow rate of
the inert gas.

The lower inert-gas jet nozzle 76 is also inclined with respect to the lower
surface of the wafer W being conveyed by the roller conveyer 73. The lower inert-gas
jet nozzle 76 is inclined with respect to the lower surface of the wafer W for the following
reason. The liquid is likely to be attached to the lower surface of the wafer W. In order
to appropriately remove the attached liquid from the lower surface of the wafer by the jet
from the lower inert-gas jet nozzle 76, it is preferable to incline the lower inert-gas jet
nozzle 76 with respect to the lower surface of the wafer W at a predetermined angle. An
angle of inclination of the lower inert-gas jet nozzle 76 with respect to the lower surface
of the wafer W is in a range of 45 degrees to 85 degrees, and preferably in a range of 60
degrees to 75 degrees. Such configuration can prevent the liquid from remaining on the
lower surface of the wafer W, and as a result, can prevent a formation of a watermark on

the lower surface of the wafer.

10




10

156

20

25

A distance between the upper surface of the wafer W on the roller conveyer 73
and the upper inert-gas jet nozzle 75 is in a range of 1 mm to 4 mm. In order to quickly
suck the liquid that has been pushed backward by the descending jet of the inert gas, and
in order to make a liquid film remaining on the upper surface of the wafer W as thin as
possible, the liquid suction nozzle 81 is located near the upper inert-gas jet nozzle 75.
More specifically, a distance “t” between the liquid suction nozzle 81 and the upper inert-
gas jet nozzle 75 is preferably in a range of 0.5 mm to 10 mm, and more preferably in a
range of | mm to 5 mm. One of the reasons of this arrangement is to reduce a thickness
of an edge of the liquid film when the descending jet of the inert gas impinges on the
liquid on the upper surface of the wafer W.  Further, since the liquid suction nozzle 81 is
located upstream of the upper inert-gas jet nozzle 75, as the wafer W is being conveyed
by the roller conveyer 73, the liquid suction nozzle 81 is located outside a periphery of the
wafer W before the upper inert-gas jet nozzle 75 is located outside the periphery of the
wafer W. If the distance between the liquid suction nozzle 81 and the upper inert-gas jet
nozzle 75 is too long, a total amount of liquid remaining on the upper surface of the wafer
W, with the liquid suction nozzle 81 located outside the wafer W, is increased. In
particular, when a speed of conveying the wafer W is increased in order to reduce a
processing time, the jet of the inert gas may not be able to blow the liquid film out from
the wafer W. For these reasons, the distance between the liquid suction nozzle 81 and
the upper inert-gas jet nozzle 75 is preferably 10 mm or less, and more preferably 5 mm
or less. Further, in order to prevent unstable gas flow around the wafer due to a change
in the flow of the inert gas upon colliding with the liquid suction nozzle 81, the distance
between the liquid suction nozzle 81 and the upper inert-gas jet nozzle 75 is preferably
0.5 mm or more, and more preferably 1 mm or more. Such arrangement can
appropriately remove the liquid film on the wafer W, and can therefore prevent the liquid
attached to the upper surface of the wafer W from remaining on the wafer after the drying
processing.

The upper inert-gas jet nozzle 75 and the lower inert-gas jet nozzle 76 are
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coupled to flow rate controllers (e.g., mass flow controllers) 85, 86, respectively. Flow
rates of the inert gas are controlled by the flow rate controllers 85, 86. The drying.
chamber 71 is filled with the inert gas supplied from the upper inert-gas jet nozzle 75 and
the lower inert-gas jet nozzle 76, so that an inert gas atmosphere is formed in the drying
chamber 71. An oxygen concentration measuring device 88 is disposed in the drying
chamber 71.

The flow rates of the inert gas to be ejected from the upper inert-gas jet nozzle
75 and the lower inert-gas jet nozzle 76 are controlled to be predetermined values so that
a concentration of oxygen in the drying chamber 71 is kept at not more than a
predetermined target value. As can be seen from FIG. 1, the drying chamber 71 is in
communication with the chemical-liquid cleaning chamber 41, the two-fluid cleaning
chamber 51, and the ultrasonic cleaning chamber 61. Therefore, the chemical-liquid
cleaning chamber 41, the two-fluid cleaning chamber 51, and the ultrasonic cleaning
chamber 61 are filled with the inert gas, as well.

As shown in FIG. 2, the liquid suction nozzle 81 is disposed upstream of the
upper inert-gas jet nozzle 75 with respect to the conveying direction (indicated by a white
arrow) of the wafer W. The liquid suction nozzle 81 is located slightly above the wafer
supporting surfaces 74a of the roller conveyer 73. More specifically, a distance “d”
between the liquid suction nozzle 81 and the surface of the wafer W being conveyed by
the roller conveyer 73 is in a range of 1 mm to 2 mm. The liquid suction nozzle 81 is
provided for sucking the liquid (e.g., pure water) present on the wafer W to reduce a
thickness of a film of the liquid (hereinafter referred to as liquid film 90). Further, the
thickness of the liquid film 90 can be controlled by a height of the liquid suction nozzle
81 and/or a flow rate of the liquid sucked by the liquid suction nozzle 81. Further, in
order to reduce an amount of oxygen in the liquid film 90 which is considered to be a
cause of the formation of the watermark, the thickness of the liquid film 90 is preferably 2
mm or less.

In order to allow the liquid film 90 around the liquid suction nozzle 81 to have a
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thickness of 2 mm or less, in this embodiment, the distance “d” between the liquid suction
nozzle 81 and the surface of the wafer W being conveyed by the roller conveyer 73 is set
to 2 mm or less. Furthermore, the distance “d” of 2 mm or less enables the liquid film
existing around the liquid suction nozzle 81 to have a thickness of 2 mm or less relatively
easily. Consequently, the jet of the inert gas, ejected from the upper inert-gas jet nozzle
75, can easily blow the liquid film out from the wafer W.

Further, the distance “d” between the liquid suction nozzle 81 and the wafer W
being conveyed at a constant speed by the roller conveyer 73 is preferably 1 mm or more
so that the flow of the inert gas does not become unstable around the liquid suction nozzle
81. A liquid film sensor configured to measure the thickness of the liquid film 90 on the
wafer W may be provided in the drying chamber 71, so that the height of the liquid
suction nozzle 81 and/or the suction flow rate may be controlled so as to keep the
thickness of the liquid film 90 at a predetermined target value.

FIG. 3 is a plan view showing the roller conveyer 73, the upper inert-gas jet
nozzle 75, and the liquid suction nozzle 81 shown in FIG. 2. As shown in FIG. 3, the -
upper inert-gas jet nozzle 75 comprises a slit nozzle having a slit 75a extending in a
direction perpendicular to the conveying direction (indicated by a white arrow) of the
wafer W. The slit 75a is an ejection outlet for the inert gas. A length of the slit 75a is
longer than a diameter of the wafer W. Therefore, the upper inert-gas jet nozzle 75 can
form the jet of inert gas that is wider than the diameter of the wafer W. This wide jet of
inert gas can push the liquid present on the entire upper surface of the wafer W.
Although not shown in the drawings, the lower inert-gas jet nozzle 76 also comprises a
slit nozzle having a slit (or an ejection outlet) which is longer than the diameter of the
wafer W.

The liquid suction nozzle 81 is located on a straight line (which is an imaginary
line) which extends perpendicularly from a center of the upper inert-gas jet nozzle 75.
When the liquid suction nozzle 81 sucks the liquid on the upper surface of the wafer W, a

tip of the liquid suction nozzle 81 is in contact with the liquid. At this time, particles,
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attached to the liquid suction nozzle 81, may be moved into the liquid, and may be
attached to the upper surface of the wafer W. Thus, in order to decrease a contact area
of the tip of the liquid suction nozzle 81 and the liquid, the liquid suction nozzle 81 has a
cylindrical shape, and a bore of the liquid suction nozzle 81 is in a range of 2 mm to 4
mm. The liquid suction nozzle 81 having such a shape and a bore can certainly suck the
liquid in consideration of a fluid pressure acting on the liquid around the liquid suction
nozzle 81 when the liquid on the wafer W is sucked. As a result, wafer contamination
after the drying process can be minimized. Further, in order to prevent wafer
contamination, the liquid suction nozzle 81 is preferably made of material which is hardly
dissolved in the liquid. For example, the liquid suction nozzle 81 may preferably be
made of a fluororesin, such as polytetrafluoroethylene. In one embodiment, the liquid
suction nozzle 81 comprises a PFA tube.

FIGS. 4A through 4D are views each showing a manner in which the liquid
present on the upper surface of the wafer W is removed by the liquid suction nozzle 81
and the jet of the inert gas. In FIG. 4A, the wafer W, with the liquid film 90 formed on
the upper surface thereof, is conveyed toward the liquid suction nozzle 81 and the inert-
gas jet nozzles 75, 76 at a preset speed by the roller conveyer 73. In order to fill the
drying chamber 71 with the inert gas, the ejection of the inert gas from the inert-gas jet
nozzles 75, 76 is started before the wafer W is transported into the drying chamber 71.
In FIG. 4B, the suction of the liquid (liquid film 90) by the liquid suction nozzle 81 is
started. Immediately after the suction of the liquid is started, the descending jet of the
inert gas, formed by the upper inert-gas jet nozzle 75, pushes the liquid film 90 backward.
The ascending jet of the inert gas toward the lower surface of the wafer W is formed by
the lower inert-gas jet nozzle 76.

In FIG. 4C, the liquid is sucked by the liquid suction nozzle 81 while the
descending jet of the inert gas pushes the liquid film 90 backward as the wafer W
advances. In order to enable the liquid suction nozzle 81 to suck the liquid in a manner

to keep the thickness of the liquid film 90 at not more than a target value (e.g., 2 mm or
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less) and in order to improve a throughput, a speed of the wafer W conveyed by the roller
conveyer 73 may preferably be in a range of 5 mm/sec to 20 mm/sec. In this manner,
since the liquid is sucked by the liquid suction nozzle 81, not only the thickness of the
liquid film 90 is reduced, but also an amount of the liquid displaced to the lower surface
of the wafer W is reduced. In FIG. 4D, the entirety of the wafer W passes through the
descending jet of the inert gas. As a result, the liquid film 90 is forced out of the upper
surface of the wafer W by the descending jet of the inert gas.

In the case where the liquid is pure water, the liquid film 90 on the wafer W has
a thickness of about 3.8 mm at a maximum, although it depends on a surface condition of
the wafer W. According to the above-described embodiment, the liquid (e.g., pure
water) on the wafer W is sucked by the liquid suction nozzle 81, and as a result, the liquid
film 90 becomes thin. Therefore, an amount of oxygen dissolved in the liquid film 90 is
reduced, and the formation of the watermark can be prevented. Further, since the inert
gas is supplied into the drying chamber 71, oxygen is expelled from the drying chamber
71. Therefore, almost no oxygen is dissolved in the liquid film 90 on the wafer W.

Further, the oxygen present in the thinner liquid film 90 is replaced with molecules of

© nitrogen or other element that constitutes the inert gas (i.e., the oxygen is purged from the

liquid film 90), so that a concentration of oxygen in the liquid film 90 is further reduced.
As a result, the formation of the watermark can be prevented.

FIG. 5 is a graph showing results of experiments in which watermarks formed on
upper surfaces of wafers were counted after the wafers were dried under various
conditions. Vertical axis of FIG. 5 represents wafer drying conditions, and horizontal
axis represents the number of watermarks. The concentration of oxygen (its unit is
volume percentage) shown in FIG. 5 represents a concentration of oxygen in the drying
chamber 71. The experiments were conducted with use of the above-described drying
unit 3. In each experiment, while a silicon wafer, with a film of pure water formed on its
upper surface, was conveyed in the drying chamber 71, the jet of the inert gas was

delivered from the upper inert-gas jet nozzle 75 to the upper surface of the silicon wafer
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to dry the silicon wafer.

The results of the experiments show the fact that the number of watermarks
decreases as the concentration of oxygen in the drying chamber 71 is lowered. However,
in the case where the pure water was not sucked from the upper surface of the silicon
wafer, the watermarks were observed on the silicon wafer. In contrast, in the case where
the pure water was sucked from the upper surface of the silicon wafer while keeping the
concentration of oxygen at less than 0.5%, the number of watermarks was almost zero.
As can be seen from the results of these experiments, the formation of the watermarks can
be prevented by sucking the liquid from the wafer while expelling oxygen from the
drying chamber 71 by supplying the inert gas. In order to prevent the formation of the
watermarks, the concentration of oxygen in the drying chamber 71 is preferably kept at
0.5% or less (this unit is volume percentage).

From the viewpoint of preventing the formation of the watermarks, it is
preferable to remove the liquid on the wafer as quickly as possible. In addition, the
thickness of the liquid film 90 on the entirety of the upper surface of the wafer W is
preferably kept at not more than a target value (e.g., 2 mm or less) even when the liquid is
pushed backward by the jet of the inert gas. From these viewpoints, a plurality of liquid
suction nozzles arranged along the conveying direction of the wafer W may be provided.
In one embodiment shown in FIG. 6, a liquid suction nozzle 91 is further provided
upstream of the liquid suction nozzle 81. In the following descriptions, the liquid
suction nozzle 81 will be referred to as downstream-side liquid suction nozzle 81. The
upstream-side liquid suction nozzle 91 has the same shape and the same bore as those of
the downstream-side liquid suction nozzle 81. A distance between the upstream-side
liquid suction nozzle 91 and the upper surface of the wafer W is the same as the distance
“d” (see FIG. 2) between the downstream-side liquid suction nozzle 81 and the upper
surface of the wafer W.

FIGS. 7A through 7D are views each showing a manner in which the liquid on

the upper surface of the wafer W is removed by the liquid suction nozzles and the jet of
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the inert gas. In this embodiment also, in order to fill the drying chamber 71 with the
inert gas, the ejection of the inert gas from the inert-gas jet nozzles 75, 76 is started before
the wafer W is transported into the drying chamber 71. In FIG. 7A, immediately after
the wafer W is transported into the drying chamber 71, the liquid present on the upper
surface of the wafer W is sucked by the upstream-side liquid suction nozzle 91, whereby
the thickness of the liquid film 90 is reduced. The wafer W is conveyed at a preset
speed by the roller conveyer 73. As shown in FIG. 7B, the suction of the liquid by the
downstream-side liquid suction nozzle 81 is then started. Immediately after the suction
of the liquid by the downstream-side liquid suction nozzle 81 is started, the liquid film 90
is pushed backward by the descending jet of the inert gas formed by the upper inert-gas
jet nozzle 75. The ascending jet of the inert gas toward the lower surface of the wafer W
is formed by the lower inert-gas jet nozzle 76.

In FIG. 7C, the liquid is sucked by the downstream-side liquid suction nozzle 81
while the descending jet of the inert gas pushes the liquid film 90 backward as the wafer
W advances. At this stage, the wafer W has already passed through the upstream-side
liquid suction nozzle 91, and the upstream-side liquid suction nozzle 91 no longer sucks
the liquid. In FIG. 7D, the entirety of the wafer W passes through the descending jet of
the inert gas. As a result, the liquid film 90 is forced out of the upper surface of the
wafer W by the descending jet of the inert gas.

According to this embodimerit, the two liquid suction nozzles, arranged along the
conveying direction of the wafer W, suck the liquid on the wafer W, thus making it
possible to quickly suck the liquid from the wafer W that has been transported into the
drying chamber 71 and to prevent an increase in the thickness of the liquid film 90 pushed
backward by the descending jet of the inert gas. Therefore, the prevention of the
formation of the watermark can be ensured.

From the viewpoint of quickly sucking the liquid from the wafer W that has been
transported into the drying chamber 71 and the viewpoint of preventing the increase in the

thickness of the liquid film 90, a distance between the downstream-side liquid suction
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nozzle 81‘ and the upstream-side liquid suction nozzle 91 is preferably one-third to one-
half of the diameter of the wafer W. For example, if a wafer diameter is 300 mm, the
distance between the downstream-side liquid suction nozzle 81 and the upstream-side
liquid nozzle 91 is preferably in a range of 100 mm to 150 mm. The thickness of the
liquid film on the wafer W located at the backward of the descending jet of the inert gas is
increased by the action of the surface tension of the liquid itself (in particular, at a
backward outermost edge). This increase in thickness of the liquid film is reduced by
sucking the liquid on the wafer W by the downstream-side liquid suction nozzle 81 in the
vicinity of a position in which the film thickness is increased, while the liquid on the
wafer W is sucked by the upstream-side liquid suction nozzle 91 disposed upstream with
a distance of 100 mm to 150 mm from the downstream-side liquid suction nozzle 81.
Therefore, the thickness of the liquid film 90 of the liquid on the wafer W can be easily
reduced to a predetermined target value or less (e.g., 2 mm or less). As a result, the
increase in the thickness of the liquid film 90 pushed backward by the descending jet of
the inert gas can be prevented.

Although the embodiments of the present invention have been described herein,
the present invention is not intended to be limited to these embodiments. Therefore, it
should be noted that the present invention may be applied to other various embodiments

within a scope of the technical concept of the present invention.

18




10

15

20

25

30

What is claimed is:

1. A wafer drying apparatus comprising:

a conveying mechanism configured to convey a wafer in a drying chamber;

an inert-gas jet nozzle disposed above the conveying mechanism and configured
to form a descending jet of an inert gas;

a downstream-side liquid suction nozzle disposed upstream of the inert-gas jet
nozzle with respect to a conveying direction of the wafer, the downstream-side liquid
suction nozzle having a cylindrical shape, a distance between the downstream-side liquid
suction nozzle and a surface of the wafer when the wafer is being conveyed by the
conveying mechanism being in a range of 1 mm to 2 mm; and

an upstream-side liquid suction nozzle disposed upstream of the downstream-
side liquid suction nozzle, the upstream-side liquid suction nozzle having a cylindrical
shape, a distance between the upstream-side liquid suction nozzle and the surface of the
wafer when the wafer is being conveyed by the conveying mechanism being in a range of

1 mmto 2 mm.

2. The wafer drying apparatus according to claim 1, wherein a distance between
the downstream-side liquid suction nozzle and the upstream-side liquid suction nozzle is

one-third to one-half of a diameter of the wafer.

3. The wafer drying apparatus according to claim 1, wherein the inert-gas jet

nozzle comprises a slit nozzle which is longer than a diameter of the wafer.

4. The wafer drying apparatus according to claim 1, wherein the inert-gas jet

nozzle is inclined at an angle ranging from 45 degrees to 85 degrees with respect to the
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surface of the wafer when the wafer is being conveyed by the conveying mechanism.

5. The wafer drying apparatus according to claim 1, wherein the inert-gas jet nozzle is
located at a distance in a range of 1 mm to 4 mm from the surface of the wafer when the wafer is
being conveyed by the conveying mechanism.

6. A wafer drying apparatus comprising:

a conveying mechanism configured to convey a wafer in a drying chamber in which an
inert gas has been supplied;

an inert-gas jet nozzle disposed above the conveying mechanism and configured to form
a descending jet of an inert gas toward the wafer; and

a downstream-side liquid suction nozzle disposed upstream of the inert-gas jet nozzle
with respect to a conveying direction of the wafer, a distance between the downstream-side liquid
suction nozzle and the inert-gas jet nozzle being in a range of 1 mm to 5 mm; and

an upstream-side liquid suction nozzle disposed upstream of the downstream-side liquid
suction nozzle, a distance between the upstream-side liquid suction nozzle and the surface of the
wafer when the wafer is being conveyed by the conveying mechanism being in a range of 1 mm
to 2 mm.

7. The wafer drying apparatus according to claim 6, wherein a distance between the
downstream-side liquid suction nozzle and the upstream-side liquid suction nozzle is one-third to
one-half of a diameter of the wafer.

8. The wafer drying apparatus according to claim 6, wherein the inert-gas jet nozzle
comprises a slit nozzle which is longer than a diameter of the wafer.

9. The wafer drying apparatus according to claim 6, wherein the inert-gas jet nozzle is
inclined at an angle ranging from 45 degrees to 85 degrees with respect to the surface of the wafer
when the wafer is being conveyed by the conveying mechanism.

10. The wafer drying apparatus according to claim 6, wherein the inert-gas jet nozzle is
located at a distance in a range of 1 mm to 4 mm from the surface of the wafer when the wafer is
being conveyed by the conveying mechanism.

11. A wafer drying method comprising:

forming a descending jet of an inert gas in a drying chamber;

sucking a liquid film existing on a surface of a wafer by a liquid suction nozzle to
reduce a thickness of the liquid film to 2 mm or less, while conveying the wafer in the drying
chamber; and

pushing the liquid film out of the wafer by the descending jet of the inert gas.

12. The wafer drying method according to claim 11, further comprising:

keeping a concentration of oxygen in the drying chamber at 0.5% or less.
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