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(57) Abstract: The present invention provides an im-
print apparatus that molds an imprint material on a
shot region of a substrate by using a mold, compris-
ing a detection unit configured to detect first light
with which a first mark of the mold and a second
mark of the substrate are irradiated and measure a po-
sition deviation between the first mark and the
second mark, a heating unit configured to irradiate
the substrate with second light for heating the sub-
strate and deforming the shot region, and a control
unit configured to control alignment between the
mold and the substrate based on the position devi-
ation, wherein a parameter of the detection unit or the
heating unit is set not to detect the second light by
the detection unit while the first light is detected and
the substrate is irradiated with the second light.
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DESCRIPTION
TITLE OF INVENTION

IMPRINT APPARATUS AND METHOD OF MANUFACTURING ARTICLE

TECHNICAL FIELD

[0001] The presentrinvention relates to an imprint
apparatus and a method of manufacturing an article.
BACKGROUND ART

[0002] An imprint apparatus that molds an imprint
material on a substrate by using a mold has received
attention as one of mass production lithography
apparatuses for magnétic storage media, semiconductor
devices, and the like. The imprint apparatus can form
a pattern on a substrate by curing an imprint material
in+a state in which the imprint material supplied onto
the substrate contacts the mold, and separating
(releasing) the mold from the cured imprint material.
[0003] In the manufacture of semiconductor devices
and the. like, the pattern region of a mold needs to be
aligned with high accuracy with a shot region formed on
a substrate and transferred to the shot region.
Japanese Patent Laid—Opén No. 2004-259985 proposes a
method of irradiating a substrate with light to heat
the substrate and deform a shot region on the substrate,
and aligning the substrate and a mold.

[0004] The imprint apparatus disclosed in Japanese

Patent Laid-Open No. 2004-259985 includes a detection
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unit that irradiates with light a mark arranged on a
mold and a mark arranged on a substrate, and detects a
position deviation between these marks based on the
reflected light. According to Japanese Patent Laid-
Open No. 2004-259985, the detection unit detects a
position deviation between the marks, and then the mold
and the substrate are aligned based on the detected
position deviation. However, in the method of aligning
a mold and a substrate after detecting a position
deviation between marks by the detection unit, it may
be difficult to align the mold and the substrate with
high accuracy because the position deviation between

the marks may occur even during alignment.

SUMMARY OF INVENTION
[0005] The present invention provides, for example,
an imprint apparatus advantageous for aligning a
substrate and a mold with high accuracy.
[0006] According to one aspect of the present
invention, there is provided an imprint apparatus that
molds an imprint material on a shot region of a
substrate by using a mold on which a pattern is formed,
comprising: a detection unit configured to irradiate a
first mark of the mold and a second mark of the.
substrate with first light, detect the first light from
the first mark and the second mark, and measure a

position deviation between the first mark and the
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second mark; a heating unit configured to irradiate the
substrate via the mold with second light for heating,
and heat the substrate to deform the shot region; and a
control unit configured to control alignment between
the mold and the substrate based on the position
deviation, wherein a parameter of the detection unit, a
parameter of the heating unit, or parameters of the
detection unit and the heating unit is/are set not to
detect, by the detection unit, the second light
reflected by at least one of the mold and the substrate
while the first iight from the first mark and the
second mark is detected by using the detection unit,
and the substrate is irradiated with the second light
and heated by using the heating unit.

[0007] Further features of the present invention
will become apparent from the following description of
exemplary embodiments with reference to the attached

drawings.

BRIEF DESCRIPTION OF DRAWINGS
[0008] Fig. 1 is a schematic view showing an
imprint apparatus according to the first embodiment.
[0009] Fig. 2A is a view for explaining an example
of the arrangement of marks of a mold.
[0010] Fig. 2B is a view for explaining the mark
of the mold.

[0011] Fig. 2C is a view for explaining an example
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of the arrangement of marks of a substrate.

[0012] Fig. 2D is a view for explaining the mark
of the substrate.

[0013] Fig. 3A 1is a view for explaining an example
of correcting the shape of a shot region by a heating
unit.

[0014] Fig. 3B is a view for explaining the
example of correcting the shape of the shot region by
the heating unit.

[0015] Fig. 4 is a flowchart showing an operation
sequence in an imprint process.

[0016] Fig. 5 is a view showing an example of the
configurations of a heating unit and detection unit.
[0017] Fig. 6 is a view showing an example of the
configurations of the heating unit and detection unit.
[0018] Fig. 7 is a view showing the configurations
of a detection unit, heating unit, and curing unit in
an imprint apparatus according to the second embodiment.
[0019] Fig. 8 is a view showing an example of the
configuration of the detection unit in the second
embodiment.

[0020] Fig. 9 is a view showing the relationship
between the light intensity distribution on the pupil
plane and the numerical aperture NA.

[0021] Fig. 10A is a view showing the mark of a
mold and the mark of a substrate when viewed from the X

direction.
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[0022] Fig. 10B is a view showing the mark of the
mold and the mark of the substrate when viewed from the
Y direction.

[0023] Fig. 11 is a view showing the region of a
substrate irradiated with the second light emitted by

the heating unit.

DESCRIPTION OF EMBODIMENTS

[0024] Exemplary embodiments of the present
invention will be described below with reference to the
accompanying drawings. Note that the same reference
numerals denote the same members throughout the
drawings, and a repetitive description thereof will not
be given.
[0025] <First Embodiment>

An imprint apparatus 1 according to the first
embodiment of the present invention will be described
with reference to Fig. 1. The imprint apparatus 1 is
used to manufacture a semiconductor device or the like.
The imprint apparatus 1 performs an imprint process of
forming a pattern on a substrate 11 by molding an
imprint material on the shot region of the substrate 11
by using a mold 8. For example, the imprint apparatus
1 cures the imprint material in a state in which the
mold 8 on which a pattern is formed contacts the
imprint material (resin) on the substrate. Then, the

imprint apparatus 1 widens the interval between the
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mold 8 and the substrate 11, separates (releases) the
mold 8 from the cured imprint material, and thus can
form the pattern on the substrate. Methods of curing
an imprint material include a heat cycle method using
heat and a photo-curing method using light. The
imprint apparatus 1 according to the first embodiment
adopts the photo-curing method. The photo-curing
method is a method of supplying an uncured ultraviolet-
curing resin (to be referred to as a resin 14
hereinafter) as the imprint material ontc a substrate,
and irradiating the resin 14 with ultraviolet rays in a
state in which the mold 8 and the resin 14 contact each
other, thereby curing the resin 14. After the resin 14
is cured by irradiation with ultraviolet rays, the mold
8 1s separated from the resin 14, and the pattern can
be formed on the substrate.

[0026] [Configuration of Imprint Apparatus]

Fig. 1 is a schematic view showing the imprint
apparatus 1 according to the first embodiment. The
imprint apparatus 1 can include a mold stage 3 that
holds the mold 8, a substrate stage 4 that holds the
substrate 11, a curing unit 2, a heating unit 6, a
detection unit 22, and a resin supply unit 5. The mold
stage 3 is fixed to a bridge plate 25 supported by a
base plate 24 via a column 26. The substrate stage 4
is fixed to the base plate 24. The imprint apparatus 1

includes a control unit 7 that includes, for example, a
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CPU and a memory and controls the imprint process
(controls each unit of the imprint apparatus 1).

[0027] The mold 8 is generally made of a material
capable of transmitting ultraviolet rays, such as
quartz. A three~-dimensional pattern to be transferred
to the substrate 11 is formed in a partial region
(pattern region 8a) on the substrate-side surface. The
substrate 11 can be, for example, a single-crystal
silicon substrate or an SOI (Silicon On Insulator)
substrate. The resin supply unit 5 (to be described
later) supplies the resin 14 (ultraviolet-curing resin)
onto the upper surface (surface to be processed) of the
substrate 11.

[0028] The mold stage 3 includes a mold holding
unit 15 that holds the mold 8 by a vacuum chuck force,
an electrostatic force, or the like, and a mold driving
unit 16 that drives the mold holding unit 15 in the Z
direction. The mold holding unit 15 and the mold
driving unit 16 have an opening region 17 at their
center portions (insides), and are configured to
irradiate the substrate 11 via the mold 8 with light
emitted by the curing unit 2 or the heating unit 6. A
deformation including a component such as a
magnification component or a trapezoidal component is
sometimes generated in the mold 8 owing to a
manufacturing error, thermal deformation, or the like.

To cancel this, the mold stage 3 may include a
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deformation unit 18 that deforms the pattern region 8a
by adding a force to a plurality of portions on the
side surface of the mold 8. For example, the
deformation unit 18 can include a plurality of
actuators arranged to add a force to a plurality of
portions on the respective side surfaces of the mold 8.
The pattern region 8a of the mold 8 can be deformed
into a desired shape by individually adding a force to
the plurality of portions on the respective side
surfaces of the mold 8 by the plurality of actuators.
The actuator of the deformation unit 18 is, for example,
a linear motor, an air cylinder, or a piezoelectric
actuator.

[0029] The mold driving unit 16 includes an
actuator such as a linear motor or an air cylinder, and
drives the mold holding unit 15 (mold 8) in the Z
direction so as to bring the pattern region 8a of the
mold 8 into contact with the resin 14 on the substrate
or separate it from the resin 14 on the substrate.
Since high-accuracy alignment is requested of the mold
driving unit 16 when bringing the mold 8 and the resin
14 on the substrate into contact with each other, the
mold driving unit 16 may be constituted by a plurality
of driving systems such as a coarse driving system and
a fine driving system. The mold driving unit 16 may
have, for example, a position adjustment function of

not only driving the mold 8 in the Z direction but also
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adjusting the position of the mold 8 in the X and Y
directions and the 0 direction (rotational direction
around the Z-axis), and a tilt function of correcting
the tilt of the mold 8. In the imprint apparatus 1
according to the first embodiment, the mold driving
unit 16 performs an operation of changing the distance
| between the substrate 11 and the mold 8. However, the
substrate driving unit 20 of the substrate stage 4 may
perform this operation, or both the substrate driving
unit 20 and the mold driving unit 16 may perform this
operation.
[0030] The substrate stage 4 includes a substrate
holding unit 19 and a substrate driving unit 20. When
bringing the pattern region 8a of the mold 8 and the
resin 14 on the substrate into contact with each other,
the substrate stage 4 moves the substrate 11 in the X
and Y directions and aligns the mold 8 and the
substrate 11. The substrate holding unit 19 holds the
substrate 11 by a vacuum chuck force, an electrostatic
force, or the like. The substrate driving unit 20
mechanically holds the substrate holding unit 19, and
drives the substrate holding unit 19 (substrate 11) in
the X and Y directions. The substrate driving unit 20
may use, for example, a linear motor and may be.
constituted by a plurality of driving systems such as a
coarse driving system and a fine driving system. The

substrate driving unit 20 may have, for example, a
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driving function of driving the substrate 11 in the Z
direction, a position adjustment function of rotating
and driving the substrate 11 in the 0 direction to
adjust the position of the substrate 11, and a tilt
function of correcting the tilt of the substrate 11.
.{0031] The detection unit 22 detects position
deviations (X and Y directions) between marks AM (first
marks) arranged on the mold 8 and marks AW (second
marks) arranged on the substrate 11. The detection
unit 22 can include an emitting unit 22a that emits
light to irradiate the marks AM of the mold 8 and the
marks AW of the substrate 11, and a light receiving
unit 22b that receives the light diffracted by these
marks. The marks AM of the mold 8 are arranged at a
plurality of portions in the pattern region 8a of the
mold 8. The marks AW of the substrate are arranged at
a plurality of portions in a shot region 1lla on the
substrate. For example, the marks AW of the substrate
11 are arranged on a scribe line 11b provided outside
the shot region lla, as shown in Fig. 2C. The marks AM
of the mold 8 are arranged in a region 8b outside the
pattern region 8a in correspondence with the marks AW
of the substrate 11, as shown in Fig. 2A. The marks AM
of the mold 8 and the marks AW of the.substrate 11 are
arranged so that they are overlaid when the pattern
region 8a and the shot region lla are made to coincide

with each other in the X and Y directions. The
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detectién unit 22 detects a position deviation between
the mark AM of the mold 8 and the mark AW of the
substrate 11 at each portion. As a result, the shape
difference between the pattern region 8a and the shot
region lla can be acquired. Details of the
configuration of the detection unit 22 will be
described later.

[0032] An example of the arrangement of the marks
AM of the mold 8 and the marks AW of the substrate 11
will be explained with reference to Figs. 2A to 2D.

For example, eight marks AM1l to AM8 are formed in the
region 8b (region corresponding to the scribe line 1llb
of the substrate 11) outside the pattern region 8a on
the mold 8, as shown in Fig. 2A. Each of the marks AM1
to AM8 includes an X-direction measurement mark AMy and
Y-direction measurement mark AMy that are constituted
by line-and-space diffraction gratings, like the
structure of the mark AM4 shown in Fig. 2B. The mark
AM1 (AM2), mark AM3 (AM4), mark AMS5 (AM6), and mark AM7
(AM8) are arranged so that the structures of the marks
AM are rotated by 90° in order. Similarly, eight marks
AWl to AW8 are formed on the scribe line 1llb provided
outside the shot region 1lla on the substrate 11, as
shown in Fig. 2C. Each of the marks AWl to AWS
includes an X-direction measurement mark AWy and Y-
direction measurement mark AWy that are constituted by

checkerboard diffraction gratings, like the structure
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of the mark AW4 shown in Fig. 2D. The mark AWl (AWZ2),
mark AW3 (AW4), mark AW5 (AW6), and mark AW7 (AW8) are
arranged so that the structures of the marks AW are
rotated by 90° in order.

[0033] The diffraction grating on the mark AM of
the mold 8 and the diffraction grating on the mark AW
of the substrate 11 are constituted to have slightly
different pitches in the measurement direction. Light
that has been reflected by the mark AM of the mold 8
and the mark AW of the substrate 11 and has been
incident on the light receiving unit 22b generates, on
an image sensor, an interference fringe (moire fringe)
corresponding to the pitch difference between the
diffraction grating on the mark AM of the mold 8 and
the diffraction grating on the mark AW of the substrate
11. An image sensor 224 senses this moire fringe and
performs an image process, and the position deviation
between the mark AM of the mold 8 and the mark AW of
the substrate 11 can be detected. By detecting such
position deviations for the respective marks, the shape
difference between the pattern region 8a and the shot
region lla can be acquired. The marks AM of the mold 8
and the marks AW of the substfate 11 may be arranged
not only at respective vertices in the pattern region
8a of the mold 8 and the shot region 1lla of the
substrate 11 but also on respective sides. In the

example shown in Figs. 2A to 2D, the X measurement
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marks and the Y measurement marks are arranged at a
plurality of portions (eight portions) in each of the
pattern region 8a of the mold 8 and the shot region 1lla
of the substrate 11. Thus, even a high-order component
such as an arcuate component or a barrel component can
be acquired from the shape'difference between the
pattern region 8a and the shot region 1lla, in addition
to a shift component, a magnification component, a
rotation component, and trapezoidal components (X and Y
directions).

[0034] In the above-described example, a line-and-
space diffraction grating is formed for the mark AM of
_the mold 8, and a checkerboard diffraction grating is
formed for the mark AW of the substrate 11. However,
the marks are not limited to them. For example,.a
checkerboard diffraction grating may be formed for the
mark AM of the mold 8, and a line-and-space diffraction
grating may be formed for the mark AW of the substrate
11. A case in which a checkerboard diffraction grating
is formed for the mark AW of the substrate 11 will be
described below.

[0035] The resin supply unit 5 supplies (applies)
the resin 14 (uncured region) onto the substrate. As
described above, the imprint apparatus 1 according to
the first embodiment uses, as the imprint material, an
ultraviolet-curing resin having a property in which the

resin is cured by irradiation with ultraviolet rays.
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However, the present invention is not limited to this,
and the resin 14 (imprint material) supplied from the
resin supply unit 5 to the substrate 11 can be
appropriately selected in accordance with various
conditions in semiconductor device manufacturing steps.
The amount of resin discharged from the resin supply
unit 5 can be appropriately decided in consideration of
the thickness and density of a pattern formed on the
resin 14 on the substrate, and the like. The mold 8
and the resin 14 desirably contact each other for a
predetermined time in order to satisfactorily fill a
three-dimensional pattern formed in the pattern region
8a of the mold 8 with the resin 14 supplied onto the
substrate.

[0036] At the time of the imprint process, the
curing unit 2 cures the resin 14 by irradiating, with
light (ultraviolet rays), the resin 14 supplied to the
shot region 1lla on the substrate. The curing unit 2
can include, for example, a light source that emits
light (ultraviolet rays) for curing the resin 14, and
an optical element for adjusting light emitted by the
light source into light appropriate for the imprint
process. Since the first embodiment adopts the photo-
curing method, . the curing unit 2 includes the light
source for emitting ultraviolet rays. However, for
example, when a heat-curing method is adopted, the

curing unit 2 can include a heat source for curing a
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heat-curing resin serving as the imprint material.
[0037] The substrate 11 to undergo the imprint
process by the imprint apparatus 1 is loaded into the
imprint apparatus 1 after a heating step in a
deposition step such as a step of sputtering in a
series of semiconductor device manufacturing steps. In
some cases, a deformation including a component such as
a magnification'component, a trapezoidal component, an
arcuate component, or a barrel component is generated
in the shot region lla on the substrate. In this case,
it may be difficult to implement high-accuracy
alignment between the pattern region 8a and the shot
region 1lla by only deforming the pattern region 8a of
the mold 8 by the deformation unit 18 of the mold stage
3. Therefore, the shot region lla on the substrate may
be deformed in conformity with the shape of the.pattern
region 8a of the mold 8 deformed by the deformation
unit 18. To do this, the imprint apparatus 1 according
to the first embodiment includes the heating unit 6
that deforms the shot region 1lla by irradiating the
substrate 11 with light and heating it.

[0038] The heating unit 6 can include a light
source that emits light for heating the substrate 11,
and an adjustment unit that adjusts the intensity of
light irradiating the substrate 11 from the light
source. The light source of the heating unit 6 emits

light having a wavelength suitable for heating the
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substrate 11 without curing the resin 14 supplied onto
the substrate. For example, a light source that emits
light having a wavelength of 400 nm or more may be used
as the light source of the heating unit 6. The
adjustment unit adjusts the intensity of light
irradiating the substrate 11 so that the temperature
distribution in the shot region 1la becomes a desired
one. As the adjustment unit, for example, a liquid
crystal device or a digital mirror device (DMD) is
available. The liquid crystal device can change the
intensity of light irradiating the substrate 11 by
arranging a plurality of liquid crystal elements on the
light transmitting surface, and individually
controlling voltages applied to the respective liquid
crystal elements. The digital mirror device can change
the intensity of light irradiating the substréte 11 by
arranging a plurality of mirror elements on the light
reflecting surface, and individually adjusting the
surface directions of the respective mirror elements.
[0039] Here, the imprint apparatus 1 according to
the first embodiment is constituted such that light
emitted by the curing unit 2 is reflected by an optical
element 21 and irradiates the substrate 11, and light
emitted by the heating unit 6 passes through the
optical element 21 and irradiates the substrate 11.
However, the imprint apparatus 1 is not limited to this.

For example, the imprint apparatus 1 may be constituted
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such that light emitted by the heating unit 6 is
reflected by the optical element 21 and irradiates the
substrate 11, and light emitted by the curing unit 2
passes through the optical element 21 and irradiates
the substrate 11. The optical element 21 can be, for
example, a beam splitter (for example, a dichroic
mirror) having a characteristic of transmitting light
having one of two different wavelengths and reflecting
light having the other wavelength.

[0040] Next, an example in which the heating unit
6 corrects the shape of the shot region 1lla suffering a
deformation including a trapezoidal component will be
explained with reference to Figs. 3A and 3B. When the
shape of the shot region lla suffering a deformation
including a trapezoidal component is corrected into a
target shape 30, as shown in Fig. 3A, the control unit
7 controls the heating unit 6 (adjustment unit) so that
the intensity of light emitted by the heating unit 6
increases linearly in the Y direction. When the shot
region lla 1s irradiated with light emitted by the
heating unit 6 with such a light intensity distribution
32, a temperature distribution 33 shown in Fig. 3A can
be formed in the shot region 1lla, and the shot region
lla can be deformed by a displacement amount 34 shown
in Fig. 3A. As a result, the shape of the shot region
lla can come close to the target shape 30, as shown in

Fig. 3B.
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[0041] The imprint process of transferring the
pattern of the mold 8 to the shot region 1lla of the
substrate 11 in the imprint apparatus 1 having this
configuration according to the first embodiment will be
explained with reference to Fig. 4. Fig. 4 is a
flowchart showing an operation sequence in the imprint
process of transferring the pattern of the mold 8 to
the shot region 1la of the substrate 11.

[0042] In step S100, the control unit 7 controls a
mold transport mechanism (not shown) to transport the
mold 8 to below the mold holding unit 15, and controls
the mold holding unit 15 to hold the mold 8.
Accordingly, the mold 8 is arranged inside the imprint
apparatus 1. In step S101, the control unit 7 controls
a substrate transport mechanism (not shown) to
transport the substrate 11 onto the substrate holding
unit 19, and controls the substrate holding unit 19 to
hold the substrate 11. The substrate 11 is therefore
arranged inside the imprint apparatus 1. In step S102,
the control unit 7 controls the resin supply unit 5 to
supply the resin 14 (ultraviolet-curing resin) to the
shot region lla to undergo the imprint process. In
step S$103, the control unit 7 controls the substrate
driving unit 20 to move the substrate 11 so that the
shot region lla where the resin 14 has been supplied is
arranged below the pattern region 8a of the mold 8. 1In

step 5104, the control unit 7 controls the mold driving
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unit 16 to bring the pattern region 8a of the mold 8
and the resin 14 on the substrate into contact with
each other, that is, shorten the distance between the
mold 8 and the substrate 11.

[0043] In step S105, the control unit 7 controls
the detection unit 22 to detect a position deviation
between the mark AM (first mark) of the mold 8 and the
mark AW (second mark) of the substrate 11 in the state
in which the mold 8 and the resin 14 on the substrate
contact each other. Based on the detection result from
the detection unit 22, the control unit 7 can acquire
the shape difference between the pattern region 8a of
the mola 8 and the shot region 1lla of the substrate 11.
In step S106, the control unit 7 decides, based on the
acquired shépe difference, the correction amount of the
pattern region 8a and that of the shot'region 1la so
that the shape of the pattern region 8a of the mold 8
coincides with that of the shot region 1la of the
substrate 11.

[0044] In step S107, the control unit 7 controls
the substrate driving unit 20 to move the substrate 11
based on the shape difference acquired in step S106,
and align the mold 8 and the substrate 11. The
alignment in step S5107 is to correct a translation
shift component and a rotation component out of the
shape difference between the pattern region 8a of the

mold 8 and the shot region 1lla of the substrate 11.
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This shape difference can include deformation
components such as a magnification component and a
trapezoidal component, as descfibed above, in addition
to the translation shift component and the rotation
éomponent. Deformation components such as a
magnification component and a trapezoidal component can
be corrected in steps 5108 and S109. In step S108, the
control unit 7 controls the deformation unit 18 to
deform the pattern region 8a by adding a force to a
plurality of portions on the side surface of the mold 8
based on the correction amount of the pattern region 8a
that has been decided in step S106. In step S109, the
control unit 7 controls the heating unit 6 to irradiate
the substrate 11 with light, give a temperature
distribution to the shot region 1lla, and deform the
shot region lla based on the correction amount of the
shot region 1lla that has been decided in step S106. By
steps S108 and S109, the shape difference between the
pattern region 8a of the mold 8 and the shot region 1lila
of the substrate 11 can be made to fall within an
allowable range, and the pattern of the mold 8 can be
transferred to the shot region 1lla with high accuracy.
[0045] In step S110, the control unit 7 controls
the detection unit 22 to detect a position deviation
between the mark AM of the mold 8 and the mark AW of
the substrate 11. Based on the detection result from

the detection unit 22, the control unit 7 can acquire
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the shape difference between the pattern region 8a of
the mold 8 and the shot region 1lla of the substrate 11.
In step S111, the control unit 7 determines whether the
shape difference acquired in step S110 falls within the
allowable range. If the shape difference acquired in
step S110 does not fall within the allowable range, the
process returns to step 5106, and the control unit 7
decides again the correction amount of the pattern
region 8a and that of the shot region 1lla based on this
shape difference. If the shape difference acquired in
step S110 falls within the allowable range, the process
returns to step S112.

[0046] In step S112, the control unit 7 controls
the curing unit 2 to irradiate, with ultraviolet rays,
the resin 14 in contact with the pattern region 8a of
the mold 8, and cure the resin 14. In step S113, the
control unit 7 controls the mold driving unit 16 to
separate (release) the pattern region 8a of the mold 8
ffom the resin 14 on the substrate, that is, increase
the distance between the mold 8 and the substrate 11.
In step S114, the control unit 7 determines whether a
shot region lla (next shot region lla) where the
pattern of the mold 8 will be transferred subsequently
remains on the substrate. If there is the next shot
region 1lla, the process returns to step S102. If there
is no next shot region l1lla, the process advances to

step S115. 1In step S115, the control unit 7 controls
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the substrate transport mechanism (not shown) to
recover the substrate 11 from the substrate holding
unit 19. In step S116, the control unit 7 determines
whether there is a substrate 11 (next substrate 11) to
subsequently undergo the imprint process. If there is
the next substrate 11, the process returns to step $101.
If there is no next substrate 11, the process advances
to step S117. In step S117, the control unit 7
controls the mold transport mechanism (not shown) to
recover the mold 8 from the mold holding unit 15.
[0047] [Configurations of Detection Unit and
Heating Unit]

In the imprint apparatus 1 having the above-
described configuration according to the first
embodiment, steps S106 to S109 are repeated until the
shape difference between the pattern region 8a and the
shot region 1lla falls within the allowable range, in
order to improve the alignment accuracy between the
mold 8 and the substrate 11. At this time, the
substrate 11 may be irradiated with light by the
heating unit 6 and the shot region lla may be deformed
while acquiring the shape difference between the
pattern region 8a and the shot region 1la. That is,
the substrate 11 may be irradiated with light by the
heating unit 6 and the shot region 1lla may be deformed
while detecting the mark AM (first mark) of the mold 8

and the mark AW (second mark) of the substrate 11 by
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the detection unit 22. However, in this alignment
method, light for heating (to be referred to as second
light hereinafter) emitted by the heating unit 6 may be
reflected by the mark AM of the mold 8 or the mark AW
of the substrate 11 and be incident on the detection
unit 22. In this case, the second light which is
incident on the image sensor 224 of the detection unit
22 (light receiving unit 22b) acts as a noise component,
and the position deviation detection accuracy may
decrease. Also, when the second light from the heating
unit 6 is incident on the detection unit 22, exceeds
the intensity level of light detectable by the image
sensor 224 of the detection unit 22 (light receiving
unit 22b), and is saturated, the position deviation
detection accuracy may decrease. As a method of
preventing the decrease in position deviation detection
accuracy, there is a method of stopping irradiation of
substrate 11 with light by the heating unit 6 when the
detection unit 22 detects a position deviation between
the mark AM of the mold 8 and the mark AW of the
substrate 11 in step S110. In this method, however,
heat applied to the substrate 11 transfers to the
substrate holding unit 19, the mold 8 via the resin 14,
and.the like, and the shape difference between the
pattern region 8a and the shot region 1lla may gradually
increase during the stop of irradiation of the

substrate 11 with light by the heating unit 6. 1In
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other words, this method takes a long time for
alignment between the mold 8 and the substrate 11, and
cannot satisfactorily perform the alignment with high
accuracy. In the imprint apparatus 1 according to the
first embodiment, therefore, the detection unit 22 and
the heating unit 6 are configured so that the intensity
of the second light which is incident on the detection
unit 22 becomes lower than the maximum intensity of the
second light reflected by at least one of the mold 8
and substrate 11. More specifically, in the imprint
apparatus 1, the detection unit 22 and the heating unit
6 are configured to suppress incidence of the second
light reflected by at least one of the mold 8 and
substrate 11 to the detection unit 22. The
configurations of the heating unit 6 and detection unit
22 will be explained below.

[0048] Fig. 5 is a view showing an example of the
configurations of the heating unit 6 and detection unit
22. In Fig. 5, the heating unit 6 includes a light
source 61, an adjustment unit 62, and an optical system
63. The detection unit 22 includes the emitting unit
22a that emits light (to be referred to as first light
hereinafter) toward the mark AM of the mold 8 and the
mark AW of the substrate 11, and the light receiving
unit 22b that receives the first light reflected by the
mark AM of the mold 8 and the mark AW of the substrate

11. The emitting unit 22a includes, for example, a
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light source 221 and an illumination optical system 222.
The light receiving unit 22b includes, for example, a
detection optical system 223 and the image sensor 224.
The detection unit 22 irradiates the mark AM of the
mold 8 and the mark AW of the substrate 11 with the
first light emitted by the emitting unit 22a. The
detection unit 22 observes, by the image sensor 224, an
interference fringe generated by light diffracted by
the mark AM of the mold 8 and light diffracted by the
mark AW of the substrate 11. The detection unit 22 can
detect a position deviation between the mark AM of the |
mold 8 and the mark AW of the substrate 11 based on a
signal output from the image sensor 224. The mark AM
of the mold 8 and the mark AW of the substrate 11 can
include diffraction gratings. In the first embodiment,
the mark AM of the mold 8 can include a line-and-space
diffraction grating having a cycle in only the
measurement direction. The mark AW of the substrate 11
can include a checkerboard diffraction grating having
cycles respectively in the measurement direction and a
direction perpendicular to it. The emitting unit 22a
and the light receiving unit 22b are configured to
incline the optical axis of the illumination optical
system 222 and that of the detection optical system 223
in a direction (X direction in Fig. 5) perpendicular to
the measurement direction with respect to a reference

axis (Z-axis) perpendicular to the surface of the
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substrate 11. That is, the emitting unit 22a and the
light receiving unit 22b are configured to perform
oblique illumination on the mark AM of the mold 8 and
the mark AW of the substrate 11.

[0049] Next, a method of configuring the heating
unit 6 and the detection unit 22 to suppress incidence,
to the light receiving unit 22b of the detection unit
22, of the second light that has been emitted by the
heating unit 6 and diffracted (reflected) by at least
one of the mold 8 and substrate 11 will be described.
Hereinafter, a method of configuring the heating unit 6
and the detection unit 22 to suppress incidence, to the
light receiving unit 22b, of the second light that has
been emitted by the heating unit 6 and reflected by the
substrate 11 will be explained. The same method can
also be used as a method of configuring the heating
unit 6 and the detection unit 22 to suppress incidence
of the second light reflected by the mold 8 to the
light receiving unit 22b.

[0050] In the imprint apparatus 1 according to the
first embodiment, the parameter of the detection unit
22, the parameter of the heating unit 6, or the
parameters of the detection unit 22 and the heating
unit 6 is/are set to suppress incidence of the second
light emitted by the heating unit 6 to the light
receliving unit 22b of the detection unit 22. The

parameter of the detection unit 22 is an element of the
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detection unit 22 that can be set when detecting a
position deviation between the mark AM of the mold 8
and the mark AW of the substrate 11. At least one of
the wavelength of the first light from the emitting
unit 22a, the direction in which the emitting unit 22a
emits the first light, the direction in which the light
receiving unit 22b receives the first light, and the
numerical aperture of the detection unit 22 (light
receiving unit 22b) can be set as the parameter of the
detection unit 22. The parameter of the heating unit 6
is an element of the heating unit 6 that can be set
when irradiating the substrate 11 with the second light
for heating the substrate 11. At least one of the
wavelength of the second light from the heating unit 6,
and the direction in which the second light from the
heating unit is incident on the substrate 11 can be set
as the parameter of the heating unit 6.
[0051] For example, the first light that has been
emitted by the emitting unit 22a and reflected
(diffracted) by the mark AW of the substrate 11 having
a diffraction grating of a cycle dy in the non-
measurement direction is incident on the light
receiving unit 22b when equation (1) is satisfied:
dm(sinoca +sin[3a)=m7»a ol {1
where a, is the angle between the reference axis (axis
(Z-axis) perpendicular to the substrate surface) and

the direction in which the emitting unit 22a emits the



WO 2015/111739 PCT/JP2015/051950

- 28 -

first light, B, is the angle between the reference axis
and the direction in which the light receiving unit 22b
receives the first light reflected by the mark AW of
the substrate 11, A; is the wavelength of the first
light, and m is the diffraction order of light,
diffracted by the mark AW of the substrate 11, of the
first light emitted by the emitting unit 22a. When a
halogen lamp or the like serving as a wide-band light
source including many wavelengths is used as the light
source that generates the first light, the wavelength
Aa of the first light in equation (1) may be the
central wavelength of the first light. The parameter
of the detection unit 22 optimally satisfies equation
(1), but is not limited to this as long as light is
incident on the numerical aperture of the light
receiving unit 22b.
[0052] To the contrary, the second light that has
been emitted by the heating unit 6 and reflected
(diffracted) by the mark AW of the substrate 11 is
incident on the light receiving unit 22b when
inequality (2) is satisfied:

dm(sin o +sin(Ba —0)) < nn < dm(sinain + sin(Ba +0)) .. (2)
More specifically, in order to suppress incidence, to
the light receiving unit 22b, of the second light that
has been emitted by the heating unit 6 and reflected by
the mark AW of the substrate 11, inequality (3)

obtained by inverting inequality signs in inequality
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(2) needs to be satisfied:
dm@mam+ﬁn@a—6»>nmnor dmﬁmam+ﬂn@a+6»<nkh

. (3)
In inequalities (2) and (3), an is the angle (in this
embodiment, a, = 0) between the reference axis and the
direction in which the second light from the heating
unit 6 is incident on the substrate 11, sin® is the
numerical aperture of the light receiving unit 22b, Ay
is the wavelength of the second light, and n is the
diffraction ordef of light, diffracted by the mark AW
of the substrate 11, of the second light emitted by the
heating unit 6. Note that the refractive index in the
atmosphere in which the first light and the second
light pass is set to be 1.
[0053] From this, the detection unit 22 and the
heating unit 6 may be configured to satisfy equation
(1) and inequality (3), in order to suppress incidence,
to the light receiving unit 22b, of the second light
that has been emitted by the heating unit 6 and
reflected by the substrate 11 (mark AW). The imprint
apparatus 1 according to the first embodiment can
therefore prevent a decrease in detection accuracy
caused by incidence of the second light emitted by the
heating unit 6 to the light receiving unit 22b. The
imprint apparatus 1 can deform the shot region 1la by
irradiating the substrate 11 with the second light by

the heating unit 6 while detecting a position deviation
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between the mark AM of the mold 8 and the mark AW of
the substrate 11 by the detection unit 22. That is,
the mold 8 and the substrate 11 can be overlaid with
high accuracy. |
[0054] The detection unit 22 may be configured to
include a common part between the optical path in the
emitting unit 22a and the optical path in the light
recelving unit 22b, as shown in Fig. 6. In this case,
the angle o, between the reference axis and the
direction in which the emitting unit 22a emits the
first light becomes equal to the angle [, between the
reference axis and the direction in which thevlight
receiving unit 22b receives the first light reflected
by the mark AW of the substrate. Thus, equation (1) is
rewritten into equation (4):

2dm(sinBa) = mha e (4)
In the configuration shown in Fig. 6, the detection
unit 22 and the heating unit 6 may be configured to
satisfy inequality (3) and equation (4), in order to
suppress incidence, to the light receiving unit 22b, of
the second light that has been emitted by the heating
unit 6 and reflected by the mark AW of the substrate 11.
[0055] The cycle dp of the diffraction gratings on
the mark AM of. the mold 8 and the mark AW of the
substrate 11 can be changed in accordance with the mark
position deviation detection accuracy, the design of

the circuit pattern, and the like. Hence, driving
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mechanisms that drive the detection unit 22 and the
heating unit 6 may be arranged so that the exit angle
and incident angle of the first light in the detection
unit 22 and the exit angle of the second light in the
heating unit 6 can be adjusted. Further, the detection
unit 22 and the heating unit 6 may be configured so
that the wavelength of the first light from the
detection unit 22 and that of the second light from the
heating unit 6 differ from each other. The detection
unit 22 and the heating unit 6 may use light sources
capable of changing the wavelength, or waveiength
filters may be inserted in the optical paths so that
the wavelength of the first light from the detection
unit 22 and that of the second light from the heating
unit 6 can be adjusted.

[0056] [Configurations of Detection Unit and
Curing Unit]

The influence of the curing unit 2 on the
detection unit 22 will be explained. When irradiation
of the resin 14 with ultraviolet rays by the curing
unit 2 starts, the resin 14 starts curing, the
stiffness of the resin 14 gradually rises, and the
state between the substrate stage 4 and the mold 8 can
be regarded as a state in which damping components are
connected. In this state, the resin 14 has fluidity,
so the mold 8 and the substrate 11 can relatively move.

In addition, the shearing stress of the resin 14 acts
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between the mold 8 and the substrate 11, and a position
deviation may be generated between the mold 8 and the
substrate 11. To improve the overlay accuracy between
the mold 8 and the substrate 11, the mold 8 and the
substrate 11 may be aligned immediately before the
resin 14 is cured while the shape difference between
the pattern region 8a and the shot region 1lla is
acquired. In other words, the detection unit 22 may
detect a position deviation between the mark AM (first
mark) of the mold 8 and the mark AW (second mark) of
the substrate 11 even while the curing unit 2
irradiates the resin 14 with ultraviolet rays. In this
case, however, if light for curing (to be referred to
as third light hereinafter) emitted by the curing unit
2 is reflected by the mold 8 or the substrate 11 and is
incident on the detection unit 22, the third light
which is incident on the detection unit 22 acts as a
noise component, and the mark position deviation
detection accuracy may decrease. Hence, in the imprint
apparatus 1 according to the first embodiment, the
detection unit 22 and the curing unit 2 are configured
so that the intensity of the third light which is
incident on the detection unit 22 becomes lower than
the maximum intensity of the third light reflected by
at least one of the mold 8 and substrate 11. More
specifically, in the imprint apparatus 1, the detection

unit 22 and the curing unit 2 are configured to
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suppress incidence of the third light reflected by at
least one of the mold 8 and substrate 11 to the
detection unit 22.

[0057] Next, a method of configuring the curing
unit 2 and the detection unit 22 to suppress incidence,
to the light receiving unit 22b of the detection unit
22, of the third light that has been emitted by the
curing unit 2 and reflected by at least one of the mold
8 and substrate 11 will be described. Hereinafter, a
method of configuring the curing unit 2 and the
detection unit 22 to suppress incidence, to the light
receiving unit 22b, of the third light that has been
emitted by the curing unit 2 and reflected by the
substrate 11 will be explained. The same method can
also be used as a method of configuring the curing unit
2 and the detection unit 22 to suppress incidence of
the third light reflected by the mold 8 to the light
receiving unit 22b.

[0058] In the imprint apparatus 1 according to the
first embodiment, the parameter of the detection unit
22, or the parameter of the curing unit 2, or the
parameters of the detection unit 22 and the curing unit
2 is/are set to suppress incidence of the third light
emitted by the curing unit 2 to the light receiving
unit 22b of the detection unit 22. The parameter of
the detection unit 22 is an element of the detection

unit 22 that can be set when detecting a position
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deviation between the mark AM of the mold 8 and the
mark AW of the substrate ll) as described above. At
least one of the wavelength of the first light from the
emitting unit 22a, the direction in which the emitting
unit 22a emits the first light, the direction in which
the light receiving unit 22b receives the first lfght,
and the numerical aperture of the detection unit 22
(light receiving unit 22b) can be set as the parameter
of the detection unit 22. The parameter of the curing
unit 2 is an element of the curing unit 2 that can be
set when.irradiating the resin 14 with the third light
for curing the resin 14. At least one of the
wavelength of the third light from the curing unit 2,
and the direction in which the third light from the
curing unit 2 is incident on the resin 14 can be set as
the parameter of the curing unit 2.

[0059] For example, when the detection unit 22 is
configured as shown in Fig. 5, the first light that has
been emitted by the emitting unit 22a and reflected
(diffracted) by the mark AW of the substrate 11 having
the diffraction grating of the cycle dp in the non-
measurement direction is incident on the light
receiving unit 22b when equation (1) is satisfied. To
the contrary, the third light that has been emitted by
the curing unit 2 and reflected (diffracted) by the
mark AW of the substrate 11 is incident on the light

receiving unit 22b when inequality (5) is satisfied:



WO 2015/111739 . PCT/JP2015/051950

- 35 -

dm (sin oe +sin(Ba —0)) < nhe < dm(sin ot +sin(Ba +90)) ... (5)
More specifically, in order to suppress incidence, to
the light receiving unit 22b, of the third light that
has been emitted by the curing unit 2 and reflected by
the mark AW of the substrate 11, inequality (6)
obtained by inverting inequality signs in inequality
(5) needs to be satisfied:

dm(sin Oe + sin(ﬁa - 6)) >nAe or dm(sin e + sin(Ba + 6)) < nhe

. (6)

In inequalities (5) and (6), o. is the angle between
the reference axis and the direction in which the third
light from the curing unit 2 is incident on the
substrate 11, sin® is the numerical aperture of the
light receiving unit 22b, A is the wavelength of the
third light, and n is the diffraction order of light,
diffracted by the mark AW of the substrate 11, of the
third light emitted by the curing unit 2. Note that
the refractive index in the atmosphere in which the
first light and the third light pass is set to be 1.
(0060] From this, the detection unit 22 and the
curing unit 2 may be configured to satisfy equation (1)
and inequality (6), 1in order to suppress incidence, to
the light receiving unit 22b, of the third light that
has been emitted by the curing unit 2 and reflected by
the substrate 11 (mark AW). When the optical path in
the emitting unit 22a and the optical path in the light

receiving unit 22b are configured to include a common
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part, as shown in Fig. 6, the detection unit 22 and the
curing unit 2 may be configured to satisfy equation (4)
and inequality (6). The imprint apparatus 1 according
to the first embodiment can therefore prevent a
decrease in detection accuracy caused by incidence of
the third light emitted by the curing unit 2 to the
light receiving unit 22b. The imprint apparatus 1 can
cure the resin 14 by irradiating the resin 14 with the
third light by the curing unit 2 while detecting a
position deviation between the mark AM of the mold 8
and the mark AW of the substrate 11 by the detection
unit 22. That is, the mold 8 and the substrate 11 can
be aligned immediately before the resin 14 is cured.
[0061] A driving mechanism that drives the curing
unit 2 may be arranged so that the exit angle of the
third light in the curing unit 2 can be adjusted. In
addition, the detection unit 22 and the curing unit 2
may be configured so that the wavelength of the first
light from the detection unit 22 and that of the third
light from the curing unit 2 differ from each other.
The heating unit 6 and the curing unit 2 may be
configured so that the wavelength of the second light
from the heating unit 6 and that of the third light
from the curing unit 2 differ from each other. The
curing unit 2 may use a light source capable of
changing the wavelength, or a wavelength filter may be

inserted in the optical path so that the wavelength of
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the third light from the curing unit 2 can be adjusted.
[0062] <Second Embodiment>

An imprint apparatus according to the second
embodiment of the present invention will be described
with reference to Fig. 7. Fig. 7 is a view showing the
configurations of a detection unit 22, heating unit 6,
and curing unit 2 in the imprint apparatus according to
the second embodiment. In the imprint apparatus
according to the second embodiment, the configuration
other than the configurations of the detection unit 22,
heating unit 6, and curing unit 2, and the operation
sequence in the imprint process are the same as those
in the first embodiment, and a description thereof will
not be repeated.
[0063] A plurality of marks (marks AM of a mold 8
and marks AW of a substrate 11) are arranged on the
mold 8 and the substrate 11 so as to be able to detect
a deformation including a magnification component, a
trapezoidal component, an arcuate component, or the
like in a pattern region 8a and a shot region lla (see
Figs. 2A to 2D). When one detection unit 22 is
configured to detect one mark, a plurality of detection
units 22 may be used. To align the mold 8 and the
substrate 11 with high accuracy in the imprint
apparatus, information about the relative positions of
the mold 8 and substrate 11 may be acquired for.at

least two directions (for example, X and Y directions).
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In this case, a larger number of detection units 22 may
be used. That 1is, a plurality of detection units 22
may be arranged to quickly measure the shape difference
between the pattern region 8a and the shot region 1lla
with high accuracy in the imprint apparatus. However,
when the plurality of detection units 22 are arranged
in the imprint apparatus, it may be difficult to ensure
the space for arranging the plurality of detection
units 22.
[0064] On the other hand, the imprint apparatus
needs to improve the overlay accuracy between the
pattern region 8a and the shot region 1lla. Therefore,
the substrate 11 may be irradiated with the second
light by the heating unit 6 and the shot region 1la may
be deformed while detecting the mark AM of the mold 8
and the mark AW of the substrate 11 by the detection
unit 22, In the imprint apparatus, the mold 8 and the
substrate il may be aligned while detecting the mark AM
of the mold 8 and the mark AW of the substrate 11 by
the detection unit 22 even during curing of a resin 14

- by the curing unit 2 by irradiating the resin 14 with
the third light. However, if the second light from the
heating unit 6 or the third light from the curing unit
2 is reflected by the mold 8 or the substrate 11 and is
incident on the detection unit 22, the light which is
incident on the detection unit 22 acts as a noise

component, and the mark position deviation detection
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accuracy may decrease.

[0065] Hence, the imprint apparatus according to
the second embodiment is configured so that the first
light from the detection unit 22, the second light from
the heating unit 6, and the third light from the curing
unit 2 have different wavelengths. The imprint
apparatus according to the second embodiment is
configured to include an optical system 23 including
two beam splitters 232 and 233. The beam splitter 232
is configured to limit incidence, to the detection unit
22, of the second iight that has been emitted by the
heating unit 6 and reflected by the mold 8 or the
substrate 11. The beam splitter 233 is configured to
limit incidence, to the detection unit 22, of the third
light that has been emitted by the curing unit 2 and
reflected by the mold 8 or the substrate 11. The beam
splitters 232 and 233 can be dichroic mirrors having a
characteristic of transmitting light having one of two
different wavelengths and reflectiné light having the
other wavelength.

[0066] In the imprint apparatus according to the
second embodiment, the first light emitted by the
detection unit 22 passes through the beam splitters 232
and 233, and irradiates the mark AM of the mold 8 and
the mark AW of the substrate 11. The first light
reflected by these marks passes again through the beam

splitters 232 and 233, and is incident on the detection
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unit 22. The second light emitted by the heating unit
6 is reflected by the beam splitter 232, passes through
fhe beam splitter 233, and irradiates the substrate 11.
The third light emitted by the curing unit 2 is
reflected by the beam splitter 233 and irradiates the
resin 14 supplied onto the substrate. This
configuration of the imprint apparatus can suppress
incidence, to the detection unit 22, of the second
light that has been emitted by the heating unit 6 and
reflected by the mold 8 or the substrate 11, and the
third light that has been emitted by the curing unit 2
and reflected by the mold 8 or the substrate 11.
Accordingly, a decrease in detection accuracy caused by
incidence, to the detection unit 22, of the second
light from the heating unit 6 and the third light from
the curing unit 2 can be prevented, and the mold 8 and
the substrate 11 can be overlaid with high accuracy.
[0067] In the imprint apparatus according to the
second embodiment, the arrangement of the detection
unit 22, heating unit 6, and curing unit 2 may be
appropriately changed. In this case, the
characteristics of the beam splitters 232 and 233 can
also be appropriately changed. For example, when the
positions of the detection unit 22 and heating unit 6
are interchanged, the beam splitter 232 can be
configured to reflect the first light from the

detection unit 22 and transmit the second light from
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the heating unit 6. When the positions of the
detection unit 22 and curing unit 2 are interchanged,
the beam splitter 233 is configured to reflect the
first light from the detection unit 22 and transmit the
third light from the curing unit 2. Similarly, even
when the positions of the heating unit 6 and curing
unit 2 are interchanged, the characteristics of the
beam splitters 232 and 233 can be appropriately changed.
[0068] The configuration of the detection unit 22
in the second embodiment will be described next with
reference to Fig. 8. Fig. 8 is a view showing an
example of the configuration of the detection unit 22
in the second embodiment. The detection unit 22
according to the second embodiment can include a light
source 221, an image sensor 226, an optical system 222
for transmitting light emitted by the light source 221,
and an optical system 223 for causing light reflected
by the mark AM of the mold 8 and the mark AW of the
substrate 11 to be incident on the image sensor 226.
The first light emitted by the detection unit 22 is
guided to the mold 8 and the substrate 11 via a mirror
234. The first light reflected by the mark AM of the
mold 8 and the mark AW of the substrate 11 is guided to
the detection unit 22 via the mirror 234.

[0069] For example, a halogen lamp or an LED is
used as the light source 221, and the light source 221

is configured to emit light (for example, visible rays
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or infrared rays) that does not contain ultraviolet
rays to cure the resin 14. Light emitted by the light
source 221 is changed into parallel light through the
optical system 222, reflected by a prism 225 of the
optical system 223, and emerges as the first light from
the detection unit 22. The first light emerging from
the detection unit 22 is deflected by the mirror 234
arranged near the projection surface of the optical
system 23, and irradiates the mark AM of the mold 8 and
the mark AW of the substrate 11. The first light
reflected by the mark AM of the mold 8 and the mark AW
of the substrate 11 is incident on the detection unit
22 via the mirror 234, passes through the prism 225,
and is incident on the image sensor 226. As described
above with reference to Figs. 2A to 2D, the mark AM of
the mold 8 and the mark AW of the substrate 11 are
configured to have different cycles. Thus, an
interference fringe (moire fringe) generated by the
interference between diffracted beams traveling from
these marks is formed into an image on the image sensor
226.

[0070] The optical systems 222 and 223 are
configured to share some optical members building them.
The prism 225 is arranged on or near the pupil plane of
the optical system 222 (optical system 223). A
reflection film 225a for reflecting light at the

peripheral portion of the pupil plane of the optical
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sysfem 222 is formed on the bonded surface of the prism
225. The reflection film 225a functions as an aperture
stop that defines the light intensity distribution on
the pupil plane of the optical system 222. The
reflection film 225a also functions as an aperture stop
that defines the size (or numerical aperture NA) of the
pupil of the optical system 223. The prism 225 may
also be a half-prism having a semipermeable film on the
bonded surface, or méy not be limited to a prism and
may be a plate-like optical element constituted by
depositing a reflection film on the surface. Further,
in order to change the pupil shape of the optical
system 222 or 223, the prism 225 may be configured to
be replaceable with a prism having another aperture
shape by a switching mechanism of a turret or slide
mechanism (not shown).

[0071] Fig. 9 shows the relationship between the
light intensity distribution on the pupil plane of the
optical system 222 and the numerical aperture NA. 1In
Fig. 9, a numerical aperture NAy; represents the size of
the pupil. The light intensity distribution on the
pupil plane of the optical system 222 is formed to
include four poles ILl to IL4. By arranging the
reflection film 225a on the prism as an aperture stop
on the pupil plane of the optical system 222, a light
intensity distribution including the plurality of poles

IL1 to IL4 can be formed from one light source 221.
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Therefore, the configuration of the detection unit 22
can be simplified to downsize the detection unit 22.
Each of the four poles IL1 to IL4 has a circular shape
having a diameter NAp. The poles ILl and IL2 are
arranged at positions spaced apart by NAil respectively
in the +Y and -Y directions from a reference point O
(center) of the pupil plane. Also, the poles IL3 and
IL4 are arranged at positions spaced apart by NAil
respectively in the +X and -X directions from the
reference point O of the pupil plane.

[0072] If the diffraction gratings (the mark AM of
the mold 8 and the mark AW of the substrate 11) are
detected (illuminated from the vertical direction to
detect diffracted light from the vertical direction) in
the bright field in order to detect a moire fringe,
even Oth-order light from the diffraction grating is
detected. Since the Oth-order light is a factor that
decreases the contrast of the moire fringe, the
detection unit according to the second embodiment
adopts a dark field configuration that does not detect
Oth-order light. One of the mark AM of the mold 8 and
the mark AW of the substrate 11 is formed from a
checkerboard diffraction grating so that a moire image
can be detected even by the dark field configuration of
performing oblique illumination.

[0073] Figs. 10A and 10B are views showing the

mark AM of the mold 8 and the mark AW of the substrate
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11 for detecting the relative positions of the mold 8
and substrate 11 in the X direction when viewed from
the X and Y directions. A principle of detecting a
moire fringe by the detection unit 22 in a state in
which the mark AM of the mold 8 and the mark AW of the
substrate 11 are overlaid will be described below. The
moire fringe for detecting the relative positions of
the mark AM of the mold 8 and the mark AW of the
substrate 11 in the X direction is generated by the
poles ILl and IL2 aligned in the Y direction serving as
the non-measurement direction.

[0074] In Fig. 10A, the mark AM of the mold 8 and
the mark AW of the substrate 11 are obliquely
illuminated from the Y direétion (non-measurement
direction) by the poles IL1 and IL2 aligned in the Y
direction. Light D1 reflected by the mark AM of the
mold 8 and the mark AW of the substrate 11 in the 2
direction is not incident on the detection unit 22. 1In
contrast, light D2 diffracted by an angle ¢m by the
mark AW of the substrate 11 having a diffraction
grating of a cycle dp in the Y direction is incident on
the detection unit 22 (image sensor 226). The
detection unit 22 according to the second embodiment
detects zlst-order diffracted beams having a highest
light intensity, out of the diffracted light excluding
Oth-order light. In this manner, as for the Y

direction (non-measurement direction), the mark AM of
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the mold 8 is obliquely illuminated from the Y
direction, and light diffracted by the mark AW of the
substrate 11 in the Y direction is detected.

[0075] Next, diffracted light in the X direction
(measurement direction) will be explained with
reference to Fig. 10B. The poles IL1 and IL2 aligned
in the Y direction on the pupil plane are incident on
the mark AM of the mold 8 and the mark AW of the
substrate 11 in a direction perpendicular to the X
direction. At this time, *lst-order diffracted beams
will be examined, as in the Y direction. Light D4 that
has been diffracted into +/-lst-order light by the mark
AM of the mold 8 and -/+lst-order light by the mark AW
of the substrate 11 is incident on the detection unit
22 at a small angle with respect to the X direction in
accordance with the difference in the cycle of the
diffraction grating between the mark AM of the mold 8
and the mark AW of the substrate 11. Light D3
diffracted by either of the mark AM of the mold 8 and
the mark AW of the substrate 11 emerges at the angle ¢mnm.
Since the light D3 serves as noise without generating a
moire fringe, the light D3 may not be incident on the
detection unit 22.

[0076] Light D5 (Oth-order diffracted light)
diffracted by neither the mark AM of the mold 8 nor the
mark AW of the substrate 11 in the X direction is

reflected by the mark AM of the mold 8 and the mark AW
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of the substrate 11 in the Z direction, and is incident
on the detection unit 22. Diffracted light that has
been diffracted into +/-nth-order diffracted light and
-/+nth-order diffracted light (Oth-order diffracted
light in total) by the mark AM of the mold 8 in the X
direction before and after reflection by the substrate
11 without diffraction by the mark AW of the substrate
11 also is incident on the detection unit 22. These
beams serve as a factor that decreases the contrast of
the moire fringe without forming the moire fringe.
However, in this embodiment, the mark AW of the
substrate 11 includes a checkerboard diffraction
grating, the phases of diffracted beams from adjacent
gratins shift by m, and the diffracted beams cancel
each other. As a result, the intensity of the light D5
decreases, and a high-contrast moire fringe can be
detected.

[0077] Detection of a moire fringe for measuring
the relative positions of the mold 8 and substrate 11
in the X direction has been explained. This principle
also applies to detection of a moire fringe for
measuring relative positions in the Y direction. The
moire fringe for measuring relative positions in the Y
direction is generated by illuminating two diffraction
gratings by the poles IL3 and IL4 aligned in the Y
direction.

[0078] <Third Embodiment>
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An imprint apparatus according to the third
embodiment of the present invention will be described
with reference to Fig. 11. Fig. 11 is a view showing a
region 54 of a substrate 11 irradiated with the second
light emitted by a heating unit 6. The imprint
apparatus according to the third embodiment has the
same apparatus configuration as that of the imprint
apparatus according to the first embodiment, and a
description of the apparatus configuration will not be
repeated.

[0079] Even in the imprint apparatus according to
the third embodiment, a shot region 1lla may be deformed
by the heating unit 6 while detecting a mark AM of a
mold 8 and a mark AW of ﬁhe substrate 11 by a detection
unit 22, in order to improve the alignment accuracy
between the mold 8 and the substrate 11. However, in
this alignment method, the second light emitted by the
heating unit 6 is reflected by the mark AW of the
substrate 11 and is incident on the detection unit 22
(light receiving unit 22b), and the mark position
deviation detection accuracy may decrease. To prevent
this, in the imprint apparatus according to the third
embodiment, the intensity of the second light in the
region 54 of the substrate 11 irradiated with the
second light from the heating uni£ 6 is controlled to
suppress incidence, to the detection unit 22, of the

second light that has been emitted by the heating unit
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6 and reflected by the mark AW of the substrate 11.
That is, a control unit 7 controls a heating unit 6
(adjustment unit) so that the intensity of the second
light at each of portions 54a including the marks AW
becomes lower than the maximum intensity of the second
light at a portion 54b other than the portions 54a. In
particular, the control unit 7 may control the heating
unit 6 (adjustment unit) not to irradiate the mark AW
of the substrate 11 with the second light emitted by
the heating unit 6.

[0080] For example, in step S106 of the flowchart
shown in Fig. 4, the control unit 7 decides the
correction amount of the shot region 1lla in accordance
with the shape difference between a pattern region 8a
and the shot region 1lla. In step S109, the control
unit 7 controls the heating unit 6 (adjustment unit) to
irradiate the substrate 11 with the second light based
on the correction amount of the shot region 1lla that
has been acquired in step S106, so as not to irradiate
the portion 54a including the mark AW with the second
light from the heating unit 6. At this time, a
temperature distribution given to the shot region 1lla
becomes a temperature distribution in which the rise of
the temperature at the portion 54a including the mark
AW is suppressed. The imprint apparatus according to
the third embodiment can prevent a decrease in

detection accuracy caused by incidence of the second
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light emitted by the heating unit 6 to the detection
unit 22 (light receiving unit 22b). The imprint
apparatus according to the third embodiment can deform
the shot region lla by irradiating the substrate 11
with the second light by the heating unit 6 while
detecting a position deviation between the mark AM of
the mold 8 and the mark AW of the substrate 11 by thé
detection unit 22. That is, the mold 8 and the
substfate 11 can be overlaid with high accuracy.

[0081] There is a fear of the influence on the
deformation of the shot region 1lla by not irradiating
the mark AW of the substrate 11 with the second light
from the heating unit 6. However; the dimensions of
one mark AW are about 50 pum x 100 um, and even the
total of a plurality of marks AW (eight in Fig. 9)
arranged in the shot region 1la is equal to or smaller
than 0.005% of 26 mm x 33 mm dimensions of the shot
region lla. For this reason, even if the heating unit
6 (adjustment unit) is controlled not to irradiate the
portion 54a including the mark AW with the second light
from the heating unit 6, the deformation of the shot
region lla is hardly influenced. The control unit 7
may control the heating unit 6 (adjustment unit) so
that the intensity of light irradiating the portion
including the mark AM becomes lower than the maximum
intensity of light irradiating a portion other than the

portion including the mark AM in the region of the mold
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8 irradiated with the second light from the heating
unit 6. This can suppress incidence, to the detection
unit 22 (light receiving unit 22b), of the second light
that has been emitted by the heating unit 6 and
reflected by the mark AM of the mold 8.
[0082] <Fourth Embodiment>

An imprint apparatus according to the fourth
embodiment of the present invention will be described
with referenceAto Figs. 5, 6, and 11. The imprint
apparatus according to the fourth embodiment basically
has the same apparatus configuration as that of the
imprint apparatus 1 according to the first embodiment,
and only a difference will be described.
[0083] Even in the imprint apparatus according to
the fourth embodiment, a shot region 1la may be
deformed by a heating unit 6 while detecting a mark AM
of a mold 8 and a mark AW of a substrate 11 by a
detection unit 22, in order to improve the alignment
accuracy between the mold 8 and the substrate 11.
However, in this alignment method, unless the second
light emitted by the heating unit 6 is controlled, the
second light reflected by the mark AW of the substrate
11 is incident on the detection unit 22 (light
receiving unit 22b), and the mark position deviation
detection accuracy may decrease.
[0084] In the imprint apparatus according to the

fourth embodiment, therefore, the detection unit 22 and
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the heating unit 6 are configured so that the second
light that has been emitted by the heating unit 6 and
reflected by the mark AW of the substrate 11 and the
mark AM 1s controlled to be incident on the detection
unit 22. In addition, a control unit 7 controls the
heating unit 6 so that the intensity of the second
light at each of portions 54a including the marks AW of
the substrate 11 irradiated with the second light from
the heating unit 6 becomes lower than the maximum
intensity of the second light at a portion 54b other
than the portions 54a. As a result, the position
deviation is detected from the second light. More
specifically, the position deviation between the mold 8
and the substrate 11 is detected by using the second
light that is controlled by the control unit 7 to
irradiate the portion 54a. The control unit 7 controls
the intensity of the second light at the portion 54a as
long as a detection signal by the detection unit 22 is
not saturated. Accordingly, saturation of the
detection signal by incidence of the second light from
the heating unit & to the light receiving unit 22b can
be suppressed, and a decrease in detection accuracy can
be prevented.

[0085] For example, in step S103 of the flowchart
shown in Fig. 4, 1f the distance between the mold 8 and
the substrate 11 that are arranged to face each other

falls within a predetermined range, the detection unit
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22 can observe an interference fringe even without any
contact between a resin 14 on the substrate and the
mold 8. In step S103, the first light emitted by an
emitting unit 22a controlled by the control unit 7 is
reflected (diffracted) by the mark AW of the substrate
11 and is incident on the light receiving unit 22b.
The control unit 7 controls the detection unit 22 to
detect a position deviation between the mark AM (first
mark) of the mold 8 and the mark AW (second mark) of
the substrate 11. Based on the detection result from
the detection unit 22, the control unit 7 can acquire
the shape difference between a pattern region 8a of the
mold 8 and the shot region l1lla of the substrate 11.
Subsequently in step S104, the control unit 7 controls
a mold driving unit 16 to bring the pattern region 8a
of the mold 8 and the resin 14 on the substrate into
contact with each other, that is, shorten the distance
between the mold 8 and the substrate 11.

[0086] In step 5105, the control unit 7 controls
the detection unit 22 to detect a position deviation
between the mark AM of the mold 8 and the mark AW of
the substrate 11. In the imprint apparatus according
to the fourth embodiment, the parameter of the
detection unit 22 and that of the heating unit 6 are
set so that the second light emitted by the heating
unit 6 is incident on the light receiving unit 22b of

the detection unit 22, unlike the imprint apparatus 1
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according to the first embodiment. Note that the
parameter of the detection unit 22 is an element of the
detection unit 22 that can be set when detecting a
position deviation between the mark AM of the mold 8
and the mark AW of the substrate 11. At least one of
the wavelength of the first light from the emitting
unit 22a, the direction in which the emitting unit 22a
emits the first light, the direction in which the light
receiving unit 22b receives the first light, and the
numerical aperture of the detection unit 22 (light
receiving unit 22b) can be set as the parameter of the
detection unit 22. The parameter of the heating unit 6
is an element of the heating unit 6 that can be set
when irradiating the substrate 11 with the second light
for heating the substrate 11. At least one of the
wavelength of the second light from the heating unit 6,
and the direction in which the second light from the
heating unit is incident on the substrate 11 can be set
as the parameter of the heating unit 6.

[0087] For example, in the configuration of the
detection unit 22 according to the first embodiment,
the first light that has been emitted by the emitting
unit 22a and diffracted by the mark AW of the substrate
11 having a diffraction grating of a cycle dp in the
non-measurement direction is incident on the light

receilving unit 22b when equation (7) is satisfied:

dw(sin oa +sinBa) = mha e (7)
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where o, i1s the angle between the reference axis (axis
(Z-axis) perpendicular to the substrate surface) and
the direction in which the emitting unit 22a emits the
first light, P, is the angle between the reference axis
and the direction in which the light receiving unit 22b
receives the first light reflected by the mark AW of
the substrate 11, A, is the wavelength of the first
light, and m is the order of light, diffracted by the
substrate 11, of the first light emitted by the
emitting unit 22a.
[0088] Further, in the configurations of the
detection unit 22 and heating unit 6 according to the
first embodiment, the second light that has been
emitted by the heating unit 6 and diffracted by the
mark AW of the substrate 11 is incident on the light
receiving unit 22b when inequality (8) is satisfied:
dm(sin o +sin(Ba —0)) < nAn < dm(sinown + sin(Ba +0)) ... (8)
where o, 1s the angle (an = 0 in this embodiment)
between the reference axis and the direction in which
the second light from the heating unit 6 is incident on
the substrate 11, sinB is the numerical aperture of.the
light receiving unit 22b, A, is the wavelength of the
second light, and n is the diffraction order of light,
diffracted by the substrate 11, of the second light
emitted by the heating unit 6. Note that the
refractive index in the atmosphere in which the first

light and the second light pass is set to be 1.
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[0089] In step S109 according to the fourth
embodiment, the control unit 7 controls the second
light satisfying equation (7) and inequality (8) so
that the intensity of the second light at the portion
54a including the mark AW of the substrate 11 becomes
lower than the maximum intensity of the second light at
the portion 54b. The diffraction grating on the mark
AM of the mold 8 and the diffraction grating on the
mark AW of the substrate 11 are configured to have
slightly different pitches in the measurement direction.
For this reason, light that has been reflected by the
mark AM of the mold 8 and the mark AW of the substrate
11 and has been incident on the light receiving unit
22b generates, on an image sensor, an interference
fringe corresponding to the pitch difference between
the diffraction grating on the mark AM of the mold 8
and the diffraction grating on the mark AW of the
substrate 11. The second light which is incident on
the detection unit 22 generates a moire fringe, and an
image sensor 224 senses this moire fringe and performs
an image process. Hence, the position deviation
between the mark AM of the mold 8 and the mark AW of
the substrate 11 can be detected. At this time, the
control unit 7 controls the intensity of the second
light at the portion 54a as long as a detection signal
by the detection unit 22 is not saturated.

[0090] In step S110, the control unit 7 controls
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to emit the second light from the heating unit 6. In
addition, the control unit 7 controls the detection
unit 22 to detect a position deviation between the mark
AM of the mold 8 and the mark AW of the substrate 11.
Based on the detection result of the second light which
is incident on the detection unit 22, the contrcl unit
7 can acquire the shape difference between the pattern
region 8a of the mold 8 and the shot region 1la of the
substrate 11.

[0091] From this, the detection unit 22 and the
heating unit 6 may be configured to satisfy equation
(7) and inequality (8), in order to diffract the second
light from the heating unit 6 by the substrate 11 (mark
AW) and cause the second light to be incident on the
light receiving unit 22b. The imprint apparatus
according to the fourth embodiment can suppress
saturation of a detection signal caused by incidence of
the second light from the heating unit 6 to the 1light
receiving unit 22b, and can prevent a decrease in
detection accuracy. The imprint apparatus can deform
the shot region lla by irradiating the substrate 11
with the second light by the heating unit 6 while
detecting a position deviation between the mark AM of
the mold 8 and the mark AW of the substrate 11 by the
detection unit 22. That is, the mold 8 and the
substrate 11 can be overlaid with high accuracy.

[0092] This embodiment has exemplified the use of
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two light sources, that is, a light source that
generates the first light for detecting a position
deviation between the mark AM of the mold 8 and the
mark AW of the substrate 11, and a light source that
generates the second light for heating and deforming
the substrate 11. For example, a case can be assumed,
in which a light source having a wide-band wavelength
such as a halogen lamp with low coherence is used as
the light source that generétes the first light, and a
laser with high coherence is used for the second light.
When the distance between the mold 8 and the substrate
11 is large, the high-coherence light source generates
multiple interference between the mold 8 and the
substrate 11, and a signal detected by the light
receiving unit 22b may be distorted. For this reason,
when the distance between the mold 8 and the substrate
‘11 is large, the position deviation can be detected
with high accuracy by detecting a position deviation
using the low-coherence light source that generates the
first light. When the distance between the mold 8 and
the substrate 11 is small, the position deviation is
detected by using the high-coherence light source that
generates the second light. In this way, the light for
detecting a position deviation can be selected from the
first light and the second light in accordance with the
distance between the mold 8 and the substrate 11.

[0093] However, the present invention is not
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limited to this, and a laser beam source that generates
the second light may be usedlfor both detection of a
position deviation between the mark AM of the mold 8
and the mark AW of the substrate 11, and heating of the
substrate 11. 1In this case, detection of a position
deviation in step S103 is not performed, and detection
of a position deviation by the second light is
performed in a state in which the distance between the
mold 8 and the substrate 11 is small. In this
configuration, the emitting unit 22a that generates the
first light in Figs. 5 and 6 can be omitted to simplify
the configuration of the imprint apparatus.
[0094] <Embodiment of Method of Manufacturing
Article>

A method of manufacturing an article according to
an embodiment of the present invention is suitable for
manufacturing an article such as a microdevice (for
example, a semiconductor device) or an element having a
microstructure. The method‘of manufacturing an article
according to the embodiment includes a step of forming
a pattern on a resin applied to a substrate by using
the imprint apparatus (step of performing the imprint
process on the substrate), and a step of processing the
substrate on which the pattern has been formed in the
preceding step. Further, this manufacturing method
includes other well-known steps (for example,

oxidization, deposition, vapor deposition, doping,
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planarization, etching, resist removal, dicing, bonding,
and packaging). The method of manufacturing an article
according to the embodiment is superior to a
conventional method in at least one of the performance,
quality, productivity, and production cost of the
article.

[0095] While the present invention has 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.
[0096] ' This application claims the benefit of
Japanese Patent Application No. 2014-011784 filed on
January 24, 2014, which is hereby incorporated by

reference herein in its entirety.
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CLAIMS
1. An imprint apparatus that molds an imprint
material on a shot region of a substrate by using a
mold on which a pattern is formed, comprising:

a detection unit configured to irradiate a first
mark of the mold and a second mark of the substrate
with first light, detect the first light from the first
mark and the second mark, and measure a position
deviation between the first mark and the second mark;

a heating unit configured to irradiate the
substrate via the mold with second light for heating,
and heat the substrate to deform the shot region; and

a control unit configured to control alignment
between the mold and the substrate based on the
position deviation,

wherein a parameter of the detection unit, a
parameter of the heating unit, or parameters of the
detection unit and the heating unit is/are set not to
detect, by the detection unit, the second light
reflected by at least one of the mold and the substrate
while the first light from the first mark and the
second mark is detected by using the detection unit,
and the substrate is irradiated with the second light
and heated by usingvthe heating unit.

2. The apparatus according to claim 1, wherein the
parameter of the detection unit includes at least one

of a wavelength of the first light, a direction in
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which the detection unit emits the first light, a
direction in which the detection unit receives the
first light, and a numerical aperture of the detection
unit.
3. The apparatus according to claim 1, wherein the
parameter of the heating unit includes at least one of
a wavelength of the second light, and a direction of
the second light which is incident on the substrate.
4. The apparatus éccording to claim 1, wherein

at least one of the first mark and the second
mark includes a diffraction grating, and

letting dyp be a cycle of the diffraction grating,
0, be an angle between a reference axis perpendicular
to a surface of the substrate and a direction in which
the detection unit emits the first light, B, be an
angle between the reference axis and a direction in
which the detection unit receives the first light, ay
be an angle between the reference axis and a direction
of the second light which is incident on the substrate,
sin® be a numerical aperture of the detection unit, A,
be a wavelength of the first light, Ay be a wavelength
of the second light, m be a diffraction order at which
light emitted by the detection unit is diffracted by
the diffraction grating, and n be a diffraction order
at which light emitted by the heating unit is
diffracted by the diffraction grating, the detection

unit and the heating unit are configured to satisfy:
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dm(sinota +sinpa) = mha
and satisfy:

(h(ﬁnah+ﬂn@a—9»>nxh or(h(ﬁnah+ﬁn@a+9»<nlh
5. The apparatus according to claim 1, further
comprising a wavelength filter configured to limit
incidence, to the detection unit, of the second light
reflected by at least one of the mold and the substrate.
6. The apparatus according to claim 1, further
comprising a curing unit configured to cure the imprint
material by irradiating the imprint material via the
mold with third light for curing,

wherein the parameter of the detection unit, the
parameter of the curing unit, or parameters of the
detection unit and the curing unit is/are set not to
detect, by the detection unit, the third light
reflected by at least one of the mold and the substrate
while the first light from the first mark and the
éecond mark is detected by using the detection unit,
and the imprint material is irradiated with the third
light and cured by using the curing unit.
7. The apparatus according to claim 6, wherein while
controlling the detection unit to measure the position
deviation even during curing of the imprint material by
the curing unit, the control unit controls heating of
the substrate by the heating unit based on the measured
position deviation and controls alignment between the

mold and the substrate.
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8. The apparatus according to claim 6, wherein the
parameter of the curing unit includes at least one of a
wavelength of the third light, and a direction of the
third light which is incident on the imprint material.
9. The apparatus according to claim 6, wherein

at least one of the first mark and the second
mark includes a diffraction grating, and

letting dn be a cycle of the diffraction grating,
a; be an angle between a reference axis perpendicular
to a surface of the substrate and a direction in which
the detection unit emits the first light, P. be an
angle between the reference axis and a direction in
which the detection unit receives the first light, o,
be an angle between the reference axis and a direction
of the third light which is incident on the substrate,
sinB be a numerical aperture of the detection unit, A,
be a wavelength of the first light, A. be a wavelength
of the third light, m be a diffraction order at which
light emitted by the detection unit is diffracted by
the diffraction grating, and n be a diffraction order
at which light emitted by the curing unit is diffracted
by the diffraction grating, the detection unit and the
curing unit are configured to satisfy:

dm (sin Ola + sinBa) =MAa
and satisfy:

dm (Sin Qe + Sin(Ba — 9)) >nhe O dm(Sil'l Ole +Sin(Ba +9))< NAe

10. The apparatus according to claim 6, further
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comprising a wavelength filter configured to limit
incidence, to the detection unit, of the second light
reflected by at least one of the mold and the substrate.
11. The apparatus according to claim 1, wherein the
detection unit includes an emitting unit configured to
emit the first light toward the first mark and the
second mark, and a light receiving unit configured to
receive the first light reflected by the first mark and
the second mark.
12. The apparatus according to claim 11, wherein the
detection unit is configured to include a common part
between an optical path in the emitting unit and an
optical path in the light receiving unit.
13. The apparatus according to claim 1, wherein while
controlling the detection unit to measure the position
deviation, the control unit controls heating‘of the
substrate by the heating unit based on the measured
position deviation and controls alignment between the
mold and the substrate.
14, The apparatus according to claim 1, wherein the
first light and the second light have different
wavelengths.
15. A method of manufacturing an article, the method
comprising:

forming a pattern on a substrate using an imprint
apparatus; and

processing the substrate, on which the pattern
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has been formed, to manufacture the article,

wherein the imprint apparatus, which molds an
imprint material on a shot region of a substrate by
using a mold on which a pattern is formed, includes:

a detection unit configured to irradiate a first
mark of the mold and a second mark of the substrate
with first light, detect the first light from the first
mark and the second mark, and measure a position
deviation between the first mark and the second mark;

a heating unit configured to irradiate the
substrate via the mold with second light for heating,
and heat the substrate to deform the shot region; and

a control unit configured to control alignment
between the mold and the substrate based on the
position deviation,

wherein a parameter of the detection unit, a
parameter of the heating unit, or parameters of the
detection unit and the heating unit is/are set not to
detect, by the detection unit, the second light
reflected by at least one of the mold and the substrate
while the first light from the first mark and the
second mark is detected by using the detection unit,
and the substrate is irradiated with the second light
and heated by using the heating unit.
le. An imprint apparatus that molds an imprint
material on a shot region of a substrate by using a

mold on which a pattern is formed, comprising:
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a detection unit configured to irradiate a first
mark of the mold and a second mark of the substrate
with first light, detect the first light from the first
mark and the second mark, and measure a position
deviation between the first mark and the second mark;

a heating unit configured to irradiate the
substrate via the mold with second light different in
wavelength from the first light, and heat the substrate
to deform the shot region;

a control unit configured to control alignment
between the mold and the substrate based on the
position deviation; and

a beam splitter configured to transmit one of the
first light and the second light, reflect the other one
of the first light and the second light, guide, to the
detection unit, the first light from the first mark and
the second mark, and prevent the second light reflected
by at least one of the mold and the substrate from
being incident on the detection unit.

17. The apparatus according to claim 16, wherein the
beam splitter comprises a dichroic mirror.

18. The apparatus according to claim 16, further
comprising:

a curing unit configured to cure the imprint
material by irradiating the imprint material with third
light; and

a second beam splitter configured to transmit one
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of the first light and the third light, reflect the
other one of the first light and the third light, guide,
to the detection unit, the first light from the first
mark and the second mark, and prevent the third light
reflected by at least one of the mold and the substrate
from being incident on the detection unit.
19. The apparatus according to claim 18, wherein
while controlling the detection unit to measure the
position deviation even during curing of the imprint
material by the curing unit, the control unit controls
heating of the substrate by the heating unit based on
the measured position deviation and controls alignment
between the mold and the substrate.
20. The apparatus according to claim 18, wherein the
second beam splitter comprises a dichroic mirror.
21. The apparatus according to claim 16, wherein the
first light and the second light have different
wavelengths.
22. A method of ﬁanufacturing an article, the method
comprising:

forming a pattern on a substrate using an imprint
apparatus; and

processing the substrate, on which the pattern
has been formed, to manufacture the article,

wherein the imprint apparatus, which molds an
imprint material on a shot region of a substrate by

using a mold on which a pattern is formed, includes:
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a detection unit configured to irradiate a first
mark of the mold and a second mark of the substrate
with first light, detect the first light from the first
mark and the second mark, and measure a position
deviation between the first mark and the second mark;

a heating unit configured to irradiate the
substrate via the mold with second light different in
wavelength from the first light, and heat the substrate
to deform the shot region;

a control unit configured to control alignment
between the mold and the substrate based on the
position deviation; and

a beam splitter configured to transmit one of the
first light and the second light, reflect the other one
of the first light and the second light, guide, to the
detection unit, the first light from the first mark and
the second mark, and prevent the second light reflected
by at least one of the mold and the substrate from
being incident on the detection unit.

23. An imprint apparatus that molds an imprint
material on a shot region of a substrate by using a
mold on which a pattern is formed, comprising:

a detection unit configured to irradiate a first
mark of the mold and a second mark of the substrate
with first light, and detect a position deviation
between the first mark and the second mark;

a heating unit configured to irradiate the
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substrate with second light for heating, and heat the
substrate to deform the shot region; and

a control unit configured to control heating of
the substrate by the heating unit based on the position
deviation, and control alignment between the mold and
the substrate while controlling the detection unit to
detect the position deviation,

wherein the control unit forms an intensity
distribution of the second light on the substrate to
set an intensity of the second light irradiating a
portion including the second mark to be smaller than a
maximum intensity of the second light irradiating a
portion other than the portion including the second
mark in a region of the substrate that is irradiated
with the second light.
24, The apparatus according to claim 23, wherein the
control unit forms the intensity distribution of the
second light on the substrate not to irradiate the
portion including the second mark with the second light.
25. The apparatus according to claim 23, wherein the
control unit forms the intensity distribution of the
second light on the mold to set the intensity of the
second light irradiating a portion including the first
mark to be smaller than a maximum intensity of the
second light irradiating a portion other than the
portion including the first mark in a region of the

mold that is irradiated with the second light.
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20. The apparatus according to claim 23, wherein the
detection unit detects the position deviation between
the first mark and the second mark by detecting the
second light for heating that irradiates the first mark
of the mold and the second mark of the substrate.
27. The apparatus according to claim 23, wherein

at least one of the first mark and the second
mark includes a diffraction grating, and

letting dn be a cycle of the diffraction grating,
0, be an angle between a reference axis perpendicular
to a surface of the substrate and a direction in which
the detection unit emits the first light, P, be an
angle between the reference axis and a direction in
which the detection unit receives the first light, oy
be an angle between the reference axis and a direction
of the second light which is incident on the substrate,
sin® be a numerical aperture of the detection unit, A,
be a wavelength of the first light, A, be a wavelength
of the second light, m be a diffraction order at which
light emitted by the detection unit is diffracted by
the diffraction grating, and n be a diffraction order
at which light emitted by the heating unit is
diffracted by the diffraction grating, the detection
unit and the heating unit are configured to satisfy:

dm(sinota +sinBa )= ma

and satisfy:

dm(sin o +sin(Ba —0)) < nhn < dm(sinon +sin(Ba +6))
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28. The apparatus according to claim 23, wherein the
control unit selects, from the first light and the
second light in accordance with a distance between the
mold and the substrate that are arranged to face each
other, light that irradiates the first mark of the mold
and the second mark of the substrate to detect the
position deviation between the first mark and the
second mark by the detection unit.
29, The apparatus according to claim 23, wherein a
single light source emits the first light that
irradiates the first mark of the mold and the second
mark of the substrate to detect the position deviation
between the first mark and the second mark, and the
second light for heating.
30. The apparatus according to claim 29, wherein

at least one of the first mark and the second
mark includes a diffraction grating, and

letting dp be a cycle of the diffraction grating,
Bo be an angle between a reference axis perpendicular
to a surface of the substrate and a direction in which
the detection unit receives the second light, o, be an
angle between the reference axis and a direction of the
second light which is incident on the substrate, sin6
be a numerical aperture of the detection unit, A, be a
wavelength of the second light, and n be a diffraction
order of light emitted by the heating unit, the

detection unit and the heating unit are configured to
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satisfy:

dm(sinoch +sin([3a —6))3 nin < dm(sin OLh +sin(Ba +6))

31. The apparatus according to claim 23, wherein the
first light and the second light have different
wavelengths.

32. A method of manufacturing an article, the method
comprising:

forming a pattern on a substrate using an imprint
apparatus; and |

processing the substrate, on which the pattern
has been formed, to manufacture the article,

wherein the imprint apparatus, which molds an
imprint material on a shot region of a substrate by
using a mold on which a pattern is formed, includes:

a detection unit configured to irradiate a first
mark of the mold and a second mark of the substrate
with first light, and detect a position deviation
between the first mark and the second mark;

a heating unit configured to irradiate the
substrate with second light for heating, and heat the
substrate to deform the shot region} and

a control unit configured to control heating of
the substrate by the heating unit based on the position
deviation, and contrcl alignment between the mold and
the substrate while controlling the detection unit to
detect the position deviation,

wherein the control unit forms an intensity
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distribution of the second light on the substrate to
set an intensity of the second light irradiating a
portion including the second mark to be smaller than a
maximum intensity of the second light irradiating a
portion other than the portion including the second
mark in a region of the substrate that is irradiated

with the second light.
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