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(57) Abstract: An imprint apparatus of the present invention molds an
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uncured resin on a substrate using a mold and cures the resin to thereby
form a pattern of the cured resin on the substrate. The imprint apparatus
includes a gas supply mechanism configured to supply gas from the mold
side toward the substrate and to recover the supplied gas at the mold side,
when the mold is pressed against the uncured resin; a substrate holding
unit configured to be movable while holding the substrate and have a flat
plate portion that has a surface height which is adjusted to the level of the
26 surface of the held substrate and is disposed on the outside of the sub-

strate so as to surround the substrate; and a gas recovery mechanism con-

figured to recover the gas entrapped in a gap region which is present

between the outer circumferential side of the substrate held by the sub-

12 strate holding unit and the inner circumferential side of the flat plate por-
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Description

Title of Invention: IMPRINT APPARATUS AND ARTICLE MAN:-

[0001]

[0002]

[0003]

UFACTURING METHOD USING SAME
Technical Field

The present invention relates to an imprint apparatus and an article manufacturing
method using the same.
Background Art

As the demand for microfabrication of semiconductor devices or MEMS increases,
not only a conventional photolithography technology but also a microfabrication
technology in which an uncured resin on a substrate is molded by a mold to thereby
form a resin pattern on the substrate have been receiving attention. This technology is
also referred to as an "imprint technology", by which a fine structure with dimensions
of a few nanometers can be formed on a substrate. One example of imprint tech-
nologies includes a photo-curing method. An imprint apparatus employing the photo-
curing method first applies an ultraviolet curable resin (imprint material, photocurable
resin) to a shot area (imprint area) on a substrate (wafer). Next, the resin (uncured
resin) is molded by a mold. After the ultraviolet curable resin is irradiated with ul-
traviolet light for curing, the cured resin is released from the mold, whereby a resin
pattern is formed on the substrate.

In the imprint apparatus employing the technology, it is preferable that an uncured
resin is advantageously filled in a fine concave and convex pattern formed in a mold
upon pressing the mold against the resin on a substrate, whereas a releasing force is
reduced as much as possible upon releasing the mold from the cured resin. In contrast,
Non-Patent Literature 1 discloses a method for supplying a specific gas
(pentafluoropropane) to a gap between the mold and the resin on the wafer during
imprint processing to thereby achieve improvement in filling property and mold-
release property described above. However, Non-Patent Literature 1 does not take into
account imprint processing for the region of the end of the wafer. For example, in a
series of manufacturing steps of manufacturing a semiconductor device, if a resin
pattern is not always formed up to a portion that extends to the same distance from the
end of the substrate, the entire substrate cannot be subjected to uniform processing in
the subsequent manufacturing steps, resulting in a reduction in the yield of devices on
the entire substrate. Likewise, a reduction in the yield of devices occurs in the manu-
facturing steps using an exposure apparatus. Here, Patent Literature 1 discloses an
immersion exposure apparatus in which a coplanar plate with a height (surface height)

equivalent to the level of the surface of a wafer is disposed on the outside of the wafer
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placed on a wafer stage. Also in the immersion exposure apparatus, differences may
occur between devices manufactured at the end of the wafer and the central portion
thereof due to the entrapment of air bubbles from the gap between the end of the wafer
and the coplanar plate, resulting in a reduction in the yield of devices on the entire
wafer. Accordingly, in the immersion exposure apparatus disclosed in Patent Literature
1, water is actively supplied into the gap so as to suppress the entrapment of air
bubbles. Consequently, uniform devices are formed even at the end of the wafer, and

thus, a reduction in yield is suppressed.

Citation List

Patent Literature
PTL 1: Patent Literature 1: Japanese Patent Laid-Open No. 2008-218976
Non-Patent Literature
NPL 1: Non-Patent Literature 1: Hiroshi Hiroshima, "Release force reduction in UV
nano imprint by mold orientation control and by gas environment", JOURNAL OF
VACUUM SCIENCE & TECHNOLOGY, Nov/Dec 2009, B27 (6), P. 2862-2865
However, it is difficult to apply the configuration of the immersion exposure
apparatus disclosed in Patent Literature 1 to the imprint apparatus employing the
method disclosed in Non-Patent Literature 1 without modifications. This is because
pentafluoropropane, which is the gas disclosed in Non-Patent Literature 1, is gaseous
under standard temperature and pressure conditions, and thus, is transmitted along the
gap between the wafer and the coplanar plate disposed outside the wafer, resulting in
leakage into other spaces within the imprint apparatus. Leakage of pentafluoropropane
having a high global warming potential is not preferred, and thus, it is desired that the
entire amount of pentafluoropropane be recovered each time. Here, it is also con-
templated that gas other than pentafluoropropane may be employed for the imprint
apparatus as described above if both filling property and mold-release property are
taken into account. Examples of gas employable herein include another fluorine gas,
gas consisting of a resin solvent for reducing the viscosity of a resin, and the like.
Likewise, it is desired that the entire amount of such gas be recovered from the
viewpoint of a global warming potential, environmental maintenance in an imprint

apparatus, a safeguard against explosion in the case of employing flammable gas, and
the like.
Summary of Invention

The present invention provides an imprint apparatus that is advantageous for
improving the uniformity of processing for the entire substrate even when using gas
which is useful for the filling property and the mold-release property of the resin with

respect to the mold.
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According to an aspect of the present invention, an imprint apparatus that molds an
uncured resin on a substrate using a mold and cures the resin to thereby form a pattern
of the cured resin on the substrate is provided that includes a gas supply mechanism
configured to supply gas from the mold side toward the substrate and to recover the
supplied gas at the mold side, when the mold is pressed against the uncured resin; a
substrate holding unit configured to be movable while holding the substrate and have a
flat plate portion that has a surface height which is adjusted to the level of the surface
of the held substrate and is disposed on the outside of the substrate holding unit so as
to surround the substrate; and a gas recovery mechanism configured to recover the gas
entrapped in a gap region which is present between the outer circumferential side of
the substrate held by the substrate holding unit and the inner circumferential side of the

flat plate portion toward the substrate.
According to the present invention, an imprint apparatus that is advantageous for

improving uniformity of processing for the entire substrate even when using gas which
is useful for the filling property and the mold-release property of the resin with respect
to the mold may be provided.

Further features of the present invention will become apparent from the following de-
scription of exemplary embodiments with reference to the attached drawings.
Brief Description of Drawings
[fig. 1]FIG. 1 is a diagram illustrating the configuration of an imprint apparatus
according to one embodiment of the present invention.
[fig.2]FIG. 2 is a diagram illustrating the surface of a mold as viewed from the wafer
stage side.
[fig.3A]FIGs. 3A and 3B are diagrams illustrating the configuration of a coplanar plate
on a wafer stage.
[fig.3B]FIGs. 3A and 3B are diagrams illustrating the configuration of a coplanar plate
on a wafer stage.
[fig.4]FIG. 4 is a diagram illustrating another exemplary configuration of a recovery
pipe of a gas recovery mechanism.
[fig.5]FIG. 5 is a diagram illustrating a state in which a gas recovery mechanism
recovers gas in a gap region.
[fig.6A]FIGs. 6A and 6B are diagrams illustrating another state in which a gas
recovery mechanism recovers gas in a gap region.
[fig.6B]FIGs. 6A and 6B are diagrams illustrating another state in which a gas
recovery mechanism recovers gas in a gap region.
[fig.7A]FIGs. 7A and 7B are diagrams illustrating how the conventional gas supply

mechanism supplies and recovers gas.
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[fig.7B]FIGs. 7A and 7B are diagrams illustrating how the conventional gas supply
mechanism supplies and recovers gas.
Description of Embodiments

Hereinafter, the preferred embodiments of the present invention will now be
described with reference to the accompanying drawings.

Firstly, a description will be given of an imprint apparatus according to one em-
bodiment of the present invention. FIG. 1 is a schematic diagram illustrating the con-
figuration of an imprint apparatus 1 according to the present embodiment. The imprint
apparatus 1 is an apparatus that molds an uncured resin on a wafer (on a substrate), i.e.,
a substrate to be treated, using a mold to thereby form a resin pattern on the wafer,
which is used in the manufacture of devices such as semiconductor devices and the like
as articles. Note that the imprint apparatus of the present embodiment is an apparatus
employing a photo-curing method. In the following drawings, a description will be
given where the Z axis is aligned parallel to the optical axis of an irradiation system
that irradiates ultraviolet light onto a resin on a wafer, and mutually orthogonal axes X
and Y are aligned in the direction in a plane perpendicular to the Z axis. Firstly, the
imprint apparatus 1 includes a light irradiation unit 2, a mold holding mechanism 3, a
gas supply mechanism 4, a wafer stage 5, an application unit 6, and a control unit 7.

The light irradiation unit 2 irradiates a mold 8 with ultraviolet light 9 during imprint
processing. The light irradiation unit 2 is constituted by a light source 10 and an optical
element 11 that adjusts the ultraviolet light 9 emitted from the light source 10 to light
suitable for imprinting. Note that, in the present embodiment, the light irradiation unit
2 is installed for employing a photo-curing method. For example, if a thermosetting
method is employed, a heat source unit for curing a thermosetting resin may be
installed instead of the light irradiation unit 2.

The outer peripheral shape of the mold 8 is rectangular and the mold 8 includes a
pattern section (e.g., a convex portion having a fine concave and convex pattern of a
circuit pattern or the like to be transferred on the surface thereof) 8a which is three-
dimensionally formed on the surface opposed to a wafer 12. Also, the material of the
mold 8 is a material such as quartz or the like through which the ultraviolet light 9 can
pass. Furthermore, for ease of deformation as described below, the mold 8 may be of a
shape in which a cavity (concave portion) of a circular planer shape having a certain
depth is formed on the surface on which the ultraviolet light 9 is irradiated.

Firstly, the mold holding mechanism 3 has a mold chuck 13 that holds the mold 8
and a mold drive mechanism 14 that holds the mold chuck 13 and moves the mold 8
(the mold chuck 13). The mold chuck 13 may hold the mold 8 by suctioning/attracting

the outer peripheral region of the surface of the mold 8 irradiated with the ultraviolet
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light 9 using a vacuum suction force/an electrostatic force. For example, if the mold
chuck 13 holds the mold 8 using a vacuum suction force, the mold chuck 13 is
connected to an externally installed vacuum pump (not shown), and attachment/de-
tachment of the mold 8 is switched by turning the vacuum pump ON/OFF. The mold
drive mechanism 14 moves the mold & in the Z-axis direction so as to selectively press
the mold 8 against a resin 15 on the wafer 12 or release the mold 8 from the resin 15.
Examples of an actuator employable for the mold drive mechanism 14 include a linear
motor, an air cylinder, and the like. Also, the mold drive mechanism 14 may be con-
stituted by a plurality of drive systems such as a coarse movement drive system, a fine
movement drive system, and the like in order to accommodate positioning of the mold
8 with high accuracy. Furthermore, the mold drive mechanism 14 may have a position
adjustment function for adjusting the position of the mold 8 not only in the Z-axis
direction but also in the X-axis direction, the Y-axis direction, or the theta (rotation
about the Z axis) direction, a tilt function for correcting the tilt of the mold 8, and the
like. Note that the pressing operation and the releasing operation performed by the
imprint apparatus 1 may be realized by moving the mold 8 in the Z-axis direction, may
be realized by moving the wafer stage 5 in the Z-axis direction, or may also be realized
by moving both the mold 8 and the wafer stage 5 relative to each other.

Also, each of the mold chuck 13 and the mold drive mechanism 14 has an aperture
region 16 at the central portion (the inside thereof) such that the ultraviolet light 9
emitted from the light irradiation unit 2 is irradiated toward the wafer 12. A light
transmission member (e.g. glass plate) (not shown) is installed within the aperture
region 16 such that a space circumscribed by a part of the aperture region 16 and the
mold 8 is sealed, and the pressure in the space is adjusted by a pressure adjusting
device including a vacuum pump or the like. The pressure adjusting device sets the
pressure in the space higher than the external pressure during the pressing operation so
that a pattern section 8a is deflected toward the wafer 12 in a convex shape and the
pattern section 8a is brought into contact with the resin 15 from the central portion of
the pattern section 8a. With this arrangement, gas (air) is prevented from being
entrapped between the pattern section 8a and the resin 15 so that the resin 15 can be
filled in the every corner of the convex and concave pattern of the pattern section 8a.
Furthermore, the mold holding mechanism 3 has a magnification correction
mechanism 17 that corrects the shape of the mold 8 (the pattern section 8a) by
imparting an external force or displacement to the side surface of the mold 8. The mag-
nification correction mechanism 17 is installed at the mold 8-holding side of the mold
chuck 13.

From the viewpoint of the filling property, in order to reduce the time required for

filling the resin 15 into the concave and convex pattern of the pattern section 8a and
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prevent air bubbles from being retained in the filled resin 15, the gas supply
mechanism 4 supplies gas into the gap between the mold 8 and the wafer 12 during the
pressing operation. From the viewpoint of mold-release property for reducing a
releasing force as much as possible, the gas supply mechanism 4 also supplies gas
during the releasing operation. FIG. 2 is a schematic plan view illustrating the surface
of the mold 8 as viewed from the wafer stage 5 side. In FIG. 2, the wafer 12 and the
coplanar plate 22 on the wafer stage 5 (to be described below) corresponding to the
position of the mold 8 are shown by the dotted lines. Firstly, the gas supply mechanism
4 has a plurality of supply ports 18 that supply (discharge) gas to the wafer 12 placed
on the wafer stage 5 and a plurality of recovery ports 19 that recover the gas supplied
from the supply ports 18. Also, the gas supply mechanism 4 includes a gas control unit
20 that is connected to each of the supply ports 18 and the recovery ports 19 and
controls the supply/recovery of gas while adjusting a supply amount of gas as ap-
propriate. The supply ports 18 (18a, 18b, 18c, and 18d) are disposed on four sides of
the outer circumferential region of the pattern section 8a formed in the mold 8 as
shown in FIG. 2. On the other hand, the recovery ports 19 (19a, 19b, 19¢, and 19d) are
disposed adjacent to four sides of the mold 8 as shown in FIG. 2. Here, in order to
avoid contact between the discharge surfaces of the supply ports 18 and the resin 15 on
the wafer 12 during the pressing operation, the height of each of the gas discharge
surfaces of the supply ports 18 is set to be equivalent to the level of the surface of the
mold 8 facing toward the wafer 12. From the above viewpoint, a preferred example of
gas to be supplied by the gas supply mechanism 4 includes pentafluoropropane or the
like.

The wafer 12 is, for example, a single crystal silicon substrate or a SOI (Silicon on
Insulator) substrate, and an ultraviolet curable resin (hereinafter referred to as "resin")
15, which is molded by the pattern section 8a formed in the mold 8, is applied on the
treatment surface of the wafer 12.

The wafer stage (substrate holding unit) 5 holds the wafer 12 and executes position
matching between the mold 8 and the resin 15 during the pressing operation. The wafer
stage 5 has a wafer chuck 21 that holds the wafer 12 by a suction force and a coplanar
plate 22 that has a surface height equivalent to the level of the surface of the wafer 12
and is disposed on the outside (in the vicinity of the outer circumference) of the wafer
12. Furthermore, the wafer stage 5 has a stage drive mechanism 23 that holds the wafer
chuck 21 by a mechanical unit and is movable in each axis direction. FIGs. 3A and 3B
are schematic diagrams illustrating the configuration of the coplanar plate 22 on the
wafer stage 5. In particular, FIG. 3A is a cross-sectional view illustrating the con-
figuration of the coplanar plate 22 on the wafer stage 5 including the configuration of

the mold 8 along section line A-A' shown in FIG. 2. The coplanar plate (flat plate
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portion) 22 maintains the filling of supply gas to the gap space between the pattern
section 8a and the wafer 12 when imprint processing is performed for a shot region
lying on a position away from the center of the wafer 12 as the subject for processing.
Here, the outer diameter of the wafer 12 fluctuates depending on each production lot.
In order to accommodate such fluctuations, the inner diameter of the opening of the
coplanar plate 22 facing the outer circumferential side of the wafer 12 is normally
greater than the maximum outer diameter of the wafer 12. Thus, a gap region 24 is
present between the outer circumferential side of the wafer 12 and the inner circum-
ferential side (opening side) of the coplanar plate 22. Accordingly, the imprint
apparatus 1 includes a gas recovery mechanism 25 that is capable of recovering gas
which is present in the gap region 24. In the example shown in FIG. 3A, the gas
recovery mechanism 25 has a plurality of recovery pipes 26 provided internally in the
coplanar plate 22 such that the suction ports face the gap region 24. FIG. 3B is a plan
view illustrating the arrangement of the plurality of recovery pipes 26 provided in-
ternally in the coplanar plate 22. As shown in FIG. 3B, the plurality of recovery pipes
26 are radially arranged so as to be oriented in a circumferential direction from the
center position where the wafer 12 is held. These recovery pipes 26 are independently
connected to a gas recovery unit 27 constituting the gas recovery mechanism 25, and
the gas recovery unit 27 independently recovers gas from the recovery pipes 26. Note
that the plurality of recovery pipes 26 is not necessarily be directed toward the gap
region 24 from the coplanar plate 22 as shown in FIG. 3. As shown in FIG. 4, the
suction ports of the recovery pipes 26 may also be directed toward the gap region 24
from the wafer chuck 21 side.

Examples of an actuator employable for the stage drive mechanism 23 include a
linear motor. The stage drive mechanism 23 may also be constituted by a plurality of
drive systems such as a coarse movement drive system, a fine movement drive system,
and the like with respect to the X-axis and Y-axis directions. Furthermore, the stage
drive mechanism 23 may have a drive system for adjusting the position of the wafer 12
in the Z-axis direction, a position adjustment function for adjusting the position of the
wafer 12 in the theta direction, a tilt function for correcting the tilt of the wafer 12, and
the like. Also, the wafer stage 5 has a reference mark (not shown) that is used when the
mold 8 is subjected to alignment on the surface thereof.

The application unit 6 is installed near the mold holding mechanism 3 and applies the
resin (uncured resin) 15 to the wafer 12. Here, the resin 15 is a photocurable resin
(imprint material) having the property of being cured by receiving irradiation of the ul-
traviolet light 9, and is appropriately selected depending on various conditions such as
the manufacturing process of semiconductor devices or the like. The amount of the

resin 15 to be ejected from the ejection nozzle 6a of the application unit 6 is also ap-



WO 2013/042350 PCT/JP2012/005938

[0023]

[0024]

[0025]

propriately determined by a desired thickness of the resin 15 to be formed on the wafer
12, the density of the pattern to be formed, or the like.

The control unit 7 may control the operation, adjustment, and the like of the
components of the imprint apparatus 1. The control unit 7 is constituted by a computer
or the like and is connected to the components of the imprint apparatus 1 through a line
so as to execute control of the components by a program or the like. In particular, the
control unit 7 of the present embodiment may control at least the gas supply
mechanism 4 and the gas recovery mechanism 25. Note that the control unit 7 may be
integrated with the rest of the imprint apparatus 1 (provided in a common housing) or
may be provided separately from the rest of the imprint apparatus 1 (provided in a
separate housing).

Also, the imprint apparatus 1 includes an alignment measurement system (not
shown) that measures a positional shift between an alignment mark formed on the
wafer 12 and an alignment mark formed on the mold 8 in each direction of X-axis and
Y-axis as wafer alignment. The control unit 7 calculates the pressing position
(coordinates) based on the measurement result obtained by the alignment measurement
system. In addition, the imprint apparatus 1 includes a base surface plate 28 on which
the wafer stage 5 is placed, a bridge surface plate 29 that fixes the mold holding
mechanism 3, and a strut 31 that is extended from the base surface plate 28 and
supports the bridge surface plate 29 via a vibration isolator 30. The vibration isolator
30 removes the vibration transmitted from the floor to the bridge surface plate 29. Fur-
thermore, the imprint apparatus 1 includes a mold conveyance mechanism (not shown)
that conveys the mold 8 from the exterior of the apparatus to the mold holding
mechanism 3 and a substrate conveyance mechanism 32 that conveys the wafer 12
from the exterior of the apparatus to the wafer stage 5.

Next, a description will be given of imprint processing performed by the imprint
apparatus 1. Firstly, the control unit 7 causes the mold conveyance mechanism to
convey the mold 8 to the mold chuck 13 and places the mold 8 on the mold chuck 13.
Next, the control unit 7 causes the alignment measurement system to measure a po-
sitional shift between a reference mark formed on the wafer stage 5 and an alignment
mark formed on the mold 8 in each direction of X-axis, Y-axis, and theta. Here, the
control unit 7 executes position matching between the reference mark and the
alignment mark formed on the mold 8 based on the measurement result as mold
alignment. Next, the control unit 7 places and fixes the wafer 12 on the wafer chuck 21
of the wafer stage 5 using the substrate conveyance mechanism 32, and then moves the
walfer stage 5 to the application position of the application unit 6. Next, as an ap-
plication step, the application unit 6 applies the resin 15 to a shot region to be

processed on the wafer 12. Next, the control unit 7 executes wafer alignment by
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moving the wafer stage 5 such that the shot region is placed in a position directly
below the pattern section 8a formed in the mold 8. Next, the control unit 7 drives the
mold drive mechanism 14 so as to press the mold 8 against the resin 15 on the wafer 12
(mold-pressing step). At this time, the control unit 7 executes determination whether or
not the pressing operation has been completed, by a load sensor (not shown) provided
internally in the mold holding mechanism 3. During the mold-pressing step, the resin
15 is filled in the convex and concave pattern of the pattern section 8a. Under this
condition, as a curing step, the control unit 7 causes the light irradiation unit 2 to emit
the ultraviolet light 9 from the top surface of the mold 8, and the resin 15 is cured by
the ultraviolet light 9 that has been transmitted through the mold 8. Then, after the
resin 15 is cured, the control unit 7 drives the mold drive mechanism 14 again to
thereby release the mold 8 from the resin 15 (mold-releasing step). By the afore-
mentioned steps, a three dimensionally shaped pattern (layer) of the resin 15 following
the convex and concave pattern of the pattern section 8a is formed on the surface of the
shot region on the wafer 12. Such a sequence of imprint operations is conducted two or
more times while the shot region is changed under the drive of the wafer stage 5 to
thereby be able to form a plurality of patterns of the resin 15 on one wafer 12.

Here, immediately before the pressing operation in at least the mold-pressing step
described above, the control unit 7 causes the gas supply mechanism 4 to execute the
supply/recovery of gas to/from the gap between the mold 8 and the wafer 12. Here, the
reason why the supply/recovery of gas are executed is because external leakage of
pentafluoropropane, which is employed as supply gas, having a high global warming
potential is not preferred and pentafluoropropane is re-purified for reuse after recovery.
Firstly, as a comparison with the present embodiment, a description will be given of
the supply/recovery of gas to/from the gap between the mold and the wafer using the
conventional imprint apparatus. FIGs. 7A and 7B are schematic diagrams illustrating
how the conventional imprint apparatus supplies and recovers gas. In FIGs. 7A and 7B,
the same components as those of the imprint apparatus of the present embodiment are
designated by the same reference numerals for ease of explanation. Firstly, FIG. 7A is
a cross-sectional view illustrating how gas is supplied and recovered when a shot
region to be processed is present on the central portion of the wafer 12. At this time,
the control unit 7 causes the stage drive mechanism 23 to move the wafer 12 with
respect to the mold 8 from the minus direction to the plus direction of the X-axis and
causes the gas supply mechanism 4 to supply a gas 100 from the supply port 18a
toward the wafer 12. The supplied gas 100 passes the vicinity of the surface of the
pattern section 8a while being dragged by the moving wafer 12, and is recovered by
the recovery port 19c opposite to the supply port 18a with reference to the pattern

section 8a. Specifically, since the supplied gas 100 in this case does not pass through
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the gap region 24, the supplied gas 100 does not stagnate in the gap region 24. Con-
sequently, the gas 100 does not readily leaks out from the vicinity of the wafer 12.

On the other hand, FIG. 7B is a cross-sectional view illustrating how gas is supplied
and recovered when a shot region to be processed is present on the end of the wafer 12.
At this time, when the control unit 7 causes the gas supply mechanism 4 to perform the
same operation as that shown in FIG. 7A in the vicinity of the end of the wafer 12, the
gas 100 enters into the interior of the gap region 24. Thus, the gas 100 entrapped in the
gap region 24 passes along the circumferential shape of the gap region 24, which
makes it difficult to recover the gas 100 by the recovery ports 19. Consequently, the
gas 100 leaks out from the vicinity of the wafer 12. Accordingly, in the imprint
apparatus 1 of the present embodiment, the gas recovery mechanism 25 recovers the
gas entrapped in the gap region 24 so as to prevent leakage of the gas 100 from the
vicinity of the wafer 12.

FIG. 5 is a schematic plan view illustrating a state in which the gas recovery
mechanism 25 of the present embodiment recovers gas present in the gap region 24
when imprint processing is performed for a shot region 40 which is located at the end
of the wafer 12. In FIG. 5, a part of a plurality of recovery pipes 26 provided within the
coplanar plate 22 that is located in the vicinity of the shot region 40 is shown, where
among the recovery pipes 26, the recovery pipes 26a performing the recovery
(discharge) operation are shown by black rectangles and the recovery pipes 26a not
performing the recovery (discharge) operation are shown by white rectangles. When
the gas supply mechanism 4 starts the supply of gas at the position of the wafer 12, gas
enters into the interior of the gap region 24 as described above. Thus, the control unit 7
causes the gas recovery mechanism 25 to recover the gas, which is present in the
interior of the gap region 24, from the recovery pipes 26, so that leakage of the gas can
be suppressed. In contrast, if the gas recovery mechanism 25 performs the recovery
operation using all of the recovery pipes 26, gas present in the vicinity of the shot
region 40 is also recovered, whereby the advantage of an improvement in filling
property and mold-release property may not be obtained. Accordingly, in the present
embodiment, when the control unit 7 causes the gas recovery mechanism 25 to recover
the gas at the end of the wafer 12, the recovery pipes 26b of which the suction ports are
located in the vicinity of the shot region 40 refrain from performing the recovery
operation as shown in FIG. 5. In this case, the control unit 7 may determine the
recovery pipes 26b not to be operated as those of which the suction ports are present
between two supply ports 18b and 18d, which are located opposite to the gap region
24, of the gas supply mechanism 4. In this manner, in the imprint apparatus 1, the gas
recovery mechanism 25 is operated as described above in synchronism with the

operation of the gas supply mechanism 4, and thus, leakage of the supplied gas can be
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suppressed without degrading the filling property and mold-release property of the
resin 15 with respect to the mold 8.

Note that the method for recovering gas present in the gap region 24 when imprint
processing is performed for the shot region 40 which is located at the end of the wafer
12 is not limited to the method described above. For example, the number of recovery
pipes 26a which perform the recovery operation as shown in FIG. 5 can further be
reduced. FIGs. 6A and 6B correspond to FIG. 5 and are schematic plan views il-
lustrating a state in which the number of recovery pipes 26a that perform the recovery
operation has been reduced. Firstly, as in the state shown in FIG. 5, the control unit 7
determines the recovery pipes 26b not to be operated as those for which the suction
ports are present between two supply ports 18b and 18d, which are located opposite to
the gap region 24, of the gas supply mechanism 4. Then, the control unit 7 causes only
two recovery pipes 26¢ and 26d, which are disposed adjacent to two recovery pipes
26b, and 26b, located at the outermost end of the recovery pipes 26b not to be
operated, to perform the recovery operation and does not cause all of the recovery
pipes 26e other than the recovery pipes 26c and 26d to perform the recovery operation
as shown in FIG. 6A. Here, pentafluoropropane, which is employed as supply gas, is
mixed with ambient gas (air) under lean mixture conditions when being recovered.
Specifically, in order to repeatedly use pentafluoropropane in the imprint apparatus 1
after the recovery and re-purification, it is preferable that pentafluoropropane is
recovered at a high concentration so as to avoid an increase in size of a separately
provided purification device. Pentafluoropropane can be recovered at high con-
centration by controlling the operation of the recovery pipes 26 as shown in FIGs. 6A
and 6B. It is also contemplated that a shot region shifts from the shot region 40 which
is located at the end of the wafer 12 to a shot region 41 (see FIG. 6B) to be processed
during the next imprint processing. In this case, the control unit 7 can handle such
situation by simply executing a sequence of switching the two recovery pipes 26¢ and
26d which perform the recovery operation in accordance with the position of the shot
region 41 as shown in FIG. 6B.

In this manner, the imprint apparatus 1 can perform uniform imprint processing when
a shot region to be processed is present on any position of the wafer 12 because the
imprint apparatus 1 has the coplanar plate 22 on the wafer stage 5. At this time, even if
gas such as pentafluoropropane is used, leakage of gas from the gap region 24 can be
suppressed without losing the advantages with regard to the filling property and the
mold-release property of the resin 15 with respect to the mold 8. At the same time, gas
can be preferably recovered from the gap region 24, which may also be advantageous
for re-purification and reuse of gas after recovery.

As described above, according to the present embodiment, the imprint apparatus 1
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that is advantageous for improving the uniformity of imprint processing for the entire
wafer 12 even when using gas that is useful for the filling property and the mold-
release property of the resin 15 with respect to the mold 8 may be provided.

(Article Manufacturing Method)

A method for manufacturing a device (semiconductor integrated circuit element,
liquid display element, or the like) as an article may include a step of forming a pattern
on a substrate (wafer, glass plate, film-like substrate, or the like) using the imprint
apparatus described above. Furthermore, the manufacturing method may include a step
of etching the substrate on which a pattern has been formed. When other articles such
as a patterned medium (storage medium), an optical element, or the like are manu-
factured, the manufacturing method may include other steps of processing the substrate
on which a pattern has been formed instead of the etching step. The article manu-
facturing method of the present embodiment has an advantage, as compared with a
conventional article manufacturing method, in at least one of performance, quality,
productivity and production cost of an article.

While the embodiments of the present invention have been described with reference
to exemplary embodiments, it is to be understood that the invention is not limited to
the disclosed exemplary embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all such modifications and
equivalent structures and functions.

This application claims the benefit of Japanese Patent Application No. 2011-205432
filed September 21, 2011 which is hereby incorporated by reference herein in its

entirety.
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Claims

An imprint apparatus that molds an uncured resin on a substrate using a
mold and cures the resin to thereby form a pattern of the cured resin on
the substrate, the imprint apparatus comprising:

a gas supply mechanism configured to supply gas from the mold side
toward the substrate and to recover the supplied gas at the mold side,
when the mold is pressed against the uncured resin;

a substrate holding unit configured to be movable while holding the
substrate and have a flat plate portion with a surface height which is
adjusted to the level of the surface of the held substrate and is disposed
on the outside of the substrate so as to surround the substrate; and

a gas recovery mechanism configured to recover the gas entrapped in a
gap region which is present between the outer circumferential side of
the substrate held by the substrate holding unit and the inner circum-
ferential side of the flat plate portion toward the substrate.

The imprint apparatus according to claim 1, wherein the gas recovery
mechanism has a plurality of suction ports for suctioning the gas on at
least one surface of the inner circumferential side of the flat plate
portion facing to the gap region and the outer circumferential side
where the substrate is held.

The imprint apparatus according to claim 2, wherein each of the
plurality of suction ports is connected to an independent recovery pipe,
and the recovery pipes are radially arranged within the flat plate portion
so as to be oriented in a circumferential direction from the center
position where the substrate is held.

The imprint apparatus according to claim 3, wherein a plurality of
supply ports for supplying the gas, which constitutes the gas supply
mechanism, is disposed adjacent to the outer circumferential region of a
pattern section formed in the mold, whereas a plurality of recovery
ports for recovering the gas, which constitutes the gas recovery
mechanism, is disposed adjacent to the outer circumferential side of the
mold, and

wherein a control unit which controls the operation of the gas recovery
mechanism independently controls the recovery operation of the
recovery pipes depending on the position of the pattern section with
respect to the substrate.

The imprint apparatus according to claim 4, wherein, when the pattern
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section is present at a position facing the gap region, the control unit
does not cause the recovery pipes in which the suction ports are present
between the supply ports that are at positions facing the gap region to
perform the recovery operation upon recovery of the gas.

The imprint apparatus according to claim 5, wherein, among the
recovery pipes other than the recovery pipes which refrain from
performing the recovery operation, the control unit causes only the
recovery pipes which are disposed closest and adjacent to the recovery
pipes which refrain from performing the recovery operation to perform
the recovery operation.

The imprint apparatus according to claim 1, wherein the gas is
pentafluoropropane.

An article manufacturing method comprising:

forming, in a pattern-forming step, a resin pattern on a substrate using
the imprint apparatus according to claim 1; and

processing the substrate on which the pattern has been formed in the

pattern-forming step.
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