TITLE OF THE INVENTION
IMPRINT APPARATUS AND METHOD OF MANUFACTURING ARTICE

BACKGROUND OF THE INVENTION
Field of the Invention
[ 0001] The present invention relates to an imprint

apparatus and a method of manufacturing an article.

Description of the Related Art

[ 0002] As the demand for micropatterning of a

semiconductor device, MEMS, and the like increases, a
micropatterning process technique of forming a patt ern
of an imprint material on a substrate by molding th e
imprint material on the substrate by a mold is gain ing

attention, in addition to a conventional

photolithographic technique. The micropatterning

process technique is called an imprint technique an d
can form, on a substrate, a fine structure on the o rder

of several nanometers.

[ 0003] As one imprint technique, there is, for

example, a photocuring method. In an imprint appar atus
in which the photocuring method has been adopted, f irst,
an uncured imprint material is supplied (applied) o nto

a shot region on a substrate. Next, the uncured
imprint material supplied on the shot region is mol ded
by bringing (pressing) a mold into contact with the

uncured imprint material supplied on the shot regio n.



In a state in which the imprint material and the mo
are kept in contact with each other, the imprint
material is irradiated with light (for example,
ultraviolet rays) and cured, and the mold is separa
from the cured imprint material, thereby forming a
pattern of the imprint material on the substrate.

[ 0004] In general, a substrate that is to undergo
such an imprint process has, for example, undergone
heating process in a deposition process such as
sputtering in the device manufacturing process. Th
may cause the substrate to expand or shrink, and in
some cases, the shape (or the size) of the pattern
change in two directions that are perpendicular to
other in a plane. Hence, in an imprint apparatus,

the imprint material on the substrate and the mold

to be brought into contact with each other, there i
need to match the shape of the pattern (pattern on
side of the substrate) already formed on the substr
and the shape of the pattern of the mold.

[ 0005] As a technique of matching the shape of the
pattern on the side of the substrate and the shape
the pattern on the mold, Japanese Patent Laid-Open
2008-504141 proposes an imprint apparatus that incl
a unit which applies an external force to the perip

of a mold to deform (the pattern of) the mold. How
in the imprint apparatus disclosed in Japanese Pate

Laid-Open No. 2008-504141, for example, if the mate
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of the mold is quartz, its Poisson's ratio is 0.16.
Hence, when one end of the mold is compressed in a
predetermined axis direction, an end in a direction
perpendicular to the predetermined axis direction o
the mold expands. If such a deformation dependent
the Poisson's ratio occurs in the mold, it may
influence the overlay accuracy particularly when th
mold is to be deformed into a trapezoidal shape sin

it will be difficult for the surface of the mold to

deform linearly. Therefore, Japanese Patent No.
5932286 proposes a technigue of matching the shape
pattern on the side of a substrate to the shape of
pattern of a mold by irradiating the substrate with
light, which has a wavelength that does not cure an
imprint material, to cause the substrate to undergo
heat deformation by the absorbed heat (heating). |
the technique disclosed in Japanese Patent No. 5932
a digital mirror device is used as a light adjustme
device to form a predetermined irradiation amount
distribution (temperature distribution) on the

substrate.

[ 0006] However, in Japanese Patent No. 5932286,

the actual heat input amount to the substrate may
differ from a desired heat input amount due to a

reflectance difference, a defect in mirror elements
forming the digital mirror device, and light amount

unevenness in the light with which the digital mirr

-3-

on

ce

of a

286,

nt

or



device is irradiated. In this case, the overlay
accuracy decreases since the shape of the pattern o
the side of the substrate and the shape of the patt

in the mold do not match.

SUMMARY OF THE INVENTION

[ 0007] The present invention provides an imprint

apparatus that is advantageous in the point of over
accuracy between a processing target region which i
formed in advance on a substrate and a pattern whic

to be newly formed on the substrate.

[ 0008] According to one aspect of the present

invention, there is provided an imprint apparatus t
performs an imprint process of forming a pattern of
imprint material on a processing target region on a
substrate by using a mold, including a digital mirr
device including two-dimensionally arrayed mirror
elements and configured to irradiate the substrate
light reflected by the mirror elements, a measureme
unit configured to measure, for each of a plurality
segments obtained by dividing a region in which the
mirror elements are arrayed so as to include a
plurality of the mirror elements, a light amount of
light emitted from each segment, and a control unit

configured to control the mirror elements included

each segment based on a measurement result of the

measurement unit.

ern

hat

an

or

with

nt

of



[ 0009] Further aspects of the present invention
will become apparent from the following description
exemplary embodiments with reference to the attache

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] Fig. 1 is a schematic view showing the
arrangement of an imprint apparatus as one aspect o
the present invention.
[ 0011] Fig. 2 is a schematic view showing the
arrangement of a heating unit in the imprint appara
shown in Fig. 1.
[0012] Fig. 3 is a schematic view showing the
arrangement of a digital mirror device.
[ 0013] Fig. 4 is a schematic view showing a
section of mirror elements of the digital mirror de
[ 0014] Fig. 5 is a flowchart for explaining a
correction process to correct the shape of a patter
a substrate in the imprint apparatus shown in Fig.
[ 0015] Figs. 6A to 6F are views for explaining a

method of manufacturing an article.

DESCRIPTION OF THE EMBODIMENTS
[ 0016] Preferred embodiments of the present
invention will be described below with reference to
accompanying drawings. Note that the same referenc

numerals denote the same members throughout the
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drawings, and a repetitive description thereof will

be given.

[0017] Fig. 1 is a schematic view showing the
arrangement of an imprint apparatus 1 as an aspect
the present invention. The imprint apparatus 1 is
lithography apparatus that is used for manufacturin
device such as a semiconductor device as an article
performs an imprint process of forming a pattern of
imprint material on a substrate by using a mold. |
this embodiment, the imprint apparatus 1 brings an
imprint material supplied on to the substrate and a
mold into contact with each other and applies a cur
energy to the imprint material to form a cured mate
pattern on which a concave-convex pattern of a mold

transferred.

[0018] An imprint material to be used includes a

curable composition (also sometimes called an uncur
resin) which is cured by application of curing ener
Curing energy to be used includes an electromagneti
wave and heat. An electromagnetic wave to be used
includes, for example, light such as infrared light
visible light, or ultraviolet light selected from t
wavelength range of 10 nm or more to 1 mm or less.
[0019] A curable composition is a composition
which is cured by irradiation with light or applica

of heat. A curable composition which is cured by

irradiation with light contains at least a
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polymerizable compound and a photopolymerization
initiator, and may contain a nonpolymerizable compo
or solvent as needed. A nonpolymerizable compound
at least one type of compound selected from the gro
consisting of a sensitizer, a hydrogen donor, an
internal mold release agent, a surfactant, an
antioxidant, and a polymer component.

[ 0020] An imprint material may be supplied in a
film form onto a substrate by a spin coater or slit
coater. Alternatively, an imprint material may be
supplied by a liquid-ejecting head in a droplet for

an island form with droplets being chained together

a film form onto a substrate. The viscosity (at 25

of the imprint material is 1 mPa (S or more to 100 mPa
or less.
[ 0021] A substrate to be used is made of glass,

ceramic, a metal, a semiconductor, and a resin. A
member formed from a material different from a

substrate may be formed on its surface, as needed.

More specifically, a substrate to be used includes

silicon wafer, a compound semiconductor wafer, and

silica glass wafer.

[ 0022] In this embodiment, the imprint apparatus 1
adopts a photocuring method as the curing method of
imprint material. Note that, as shown in Fig. 1, a

direction parallel to an optical axis of an irradia

unit that irradiates the imprint material on the
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substrate with light is set as the Z-axis, and

directions orthogonal to each other within a plane
perpendicular to the Z-axis are set as the X- and Y
axes.

[ 0023] The imprint apparatus 1 includes an
irradiation unit 2, a mold holding unit 3, a substr
stage 4, a supply unit 5, a heating unit 6, a senso

a control unit 8, and an alignment measurement unit
The imprint apparatus 1 also includes a base plate
on which the substrate stage 4 is placed, a bridge
plate 37 to which the mold holding unit 3 is fixed,

a column 39 which extends from the base plate 36 an
supports the bridge plate 37 via an antivibrator 38
The antivibrator 38 reduces (removes) the vibration
transmitted from a floor surface to the bridge plat
Furthermore, the imprint apparatus 1 also includes
mold conveyance unit (not shown) that conveys a mol
from the outside to the mold holding unit 3 and a
substrate conveyance unit (not shown) that conveys

substrate 12 from the outside to the substrate stag

[ 0024] In an imprint process, the irradiation unit

2 irradiates an imprint material 17 on the substrat
with ultraviolet rays 9 via a dichroic mirror 10 an
the mold 11. The irradiation unit 2 includes, for
example, a light source and an optical element that
adjusts the ultraviolet rays 9 emitted from the lig

source so that the rays will be suitable for the
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imprint process.

[ 0025] The mold 11 has a polygonal (rectangular)

peripheral shape and has a three-dimensionally form ed
pattern (a concave-convex pattern, such as a circui t
pattern, which is to be transferred on to the subst rate
12) 13 on a surface facing the substrate 12. The m old
11 is formed from a material, such as quartz, throu gh
which the ultraviolet rays 9 can be transmitted. T he
mold 11 also includes, on a surface (a surface on t he

incident side of the ultraviolet rays 9) on the

opposite side of the surface facing the substrate 1 2,a
cavity (concave portion) to facilitate the deformat ion
of a mold 11 (pattern 13). The cavity has a circul ar

planar shape, and the depth of the cavity is set in

accordance with the size and the material of the mo Id
11.

[ 0026] The mold holding unit 3 includes a mold

chuck 14 that holds the mold 11 and a mold driving unit
15 that moves the mold 11 (mold chuck 14) while hol ding

the mold chuck 14.

[ 0027] The mold chuck 14 holds the mold 11 by

chucking the peripheral region of the surface of th e
mold 11 on the incident side of the ultra-violet 9 by a
vacuum suction force or an electrostatic force. Fo r

example, in a case in which the mold chuck 14 is to
hold the mold 11 by a vacuum suction force, the mol d

chuck 14 is connected to a vacuum pump installed

-9-



outside and the attachment/detachment (holding and
releasing the hold) of the mold 11 can be switched
turning on and off the vacuum pump.

[ 0028] The mold driving unit 15 moves the mold 11
in the Z-axis direction so as to selectively press
(pressing process) the mold 11 onto the imprint
material 17 on the substrate or separate (release
process) the mold 11 from the imprint material 17 o
the substrate. An actuator applicable as the mold
driving unit 15 includes, for example, a linear mot

or an air cylinder. To determine the position of t

mold 11 with high accuracy, the mold driving unit 1
may be formed from a plurality of driving systems s
as a coarse driving system and a fine driving syste
The mold driving unit 15 may be formed to move the
11 in not only the Z-axis direction but also in the

axis direction and the Y-axis direction. Furthermo

the mold driving unit 15 may be formed to have a ti
function of adjusting the tilt of the mold 11 and t
position of the mold 11 in the 0 (rotation about the Z-
axis) direction.

[ 0029] The pressing process and the release
process in the imprint apparatus 1 may be implement
by moving the mold 11 in the Z-axis direction as sh

in this embodiment, but may also be implemented by
moving the substrate 12 (substrate stage 4) in the

axis direction. Also, the pressing process and the
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release process may be implemented by moving both t he

mold 11 and the substrate 12 relatively in the Z-ax is
direction.

[ 0030] The mold chuck 14 and the mold driving unit

15 include an opening 16 in the center portion (ins ide)

so that the imprint material 17 on the substrate is
irradiated with the ultraviolet rays 9 from the
irradiation unit 2. A light transmitting member is

arranged in the opening 16 so as to make the space

which is surrounded by a part of the opening 16 and the
mold 11 into a sealed space, and the pressure insid e
the sealed space is adjusted by a pressure adjustme nt

device including a vacuum pump and the like. For
example, when the imprint material 17 on the substr ate

and the mold 11 are to be brought into contact with

each other, the pressure adjustment device can rais e
the pressure inside the sealed space to be higher t han
the external pressure to warp (deform) the pattern 13
of the mold 11 into a convex shape toward the subst rate
12. As a result, the center portion of the pattern 13
of the mold 11 can come into contact with the impri nt

material 17 first. This can suppress the air from

remaining between the mold 11 and the imprint mater ial
17, and the imprint material 17 can fill all parts of
the pattern 13 (concave portion) of the mold 11.

[ 0031] The substrate 12 is supplied (applied) with

the imprint material 17 which is molded by the patt ern
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13 of the mold 11.

[ 0032] The substrate stage 4 holds the substrate

12 and is used for positioning (alignment) the mold 11
and the substrate 12 when the imprint material 17 o n
the substrate and the mold 11 are brought into cont act

with each other. The substrate stage 4 includes a

substrate chuck 18 that chucks and holds the substr ate
12 and a stage driving unit 19 that can mechanicall y
hold and move the substrate chuck 18 in each axis

direction.

[ 0033] An actuator applicable as the stage driving

unit 19 includes, for example, a linear motor or a

planar motor. To determine the position of the

substrate 12 with high accuracy, the stage driving unit
19 may be formed from a plurality of driving system s
such as a coarse driving system and a fine driving

system. The stage driving unit 19 may be formed to

move the substrate 12 in not only the X-axis direct ion
and the Y-axis direction but also in the Z-axis

direction. Furthermore, the stage driving unit 19 may
be formed to have a tilt function of adjusting the tilt

of the mold substrate 12 and the position of the

substrate 12 in the 0 (rotation about the Z-axis)

direction.

[ 0034] On a side surface of the substrate stage 4,

an encoder scale 20 corresponding to each of the X- , Y-,
and Z-axes directions is arranged. An encoder syst em
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22 irradiates the encoder scale 20 with a beam from an

encoder head 21 to measure the position of the

substrate stage 4. The encoder system 22 measures the
position of the substrate stage 4 in real time. Th e
control unit 8 executes positioning of the substrat e
stage 4 based on the measurement values of the enco der
system 22.

[ 0035] The supply unit 5 is arranged near the mold

holding unit 3 and supplies (applies) an uncured

imprint material 17 onto the substrate 12. In this

embodiment, the imprint material 17 is an ultraviol et
curable resin material that has a property of being

cured by irradiation with the ultraviolet rays 9. The

imprint material 17 is selected in accordance with

various kinds of information such as the manufactur ing
process of the semiconductor device. The supply am ount
of the imprint material 17 that is to be supplied f rom
the supply unit 5 is determined in accordance with the
density and thickness (residual layer thickness) of the

pattern of the imprint material 17 which is to be

formed on the substrate 12.

[ 0036] The heating unit 6 deforms (that is,
corrects the shape of a pattern region 23) the patt ern
region 23 (shot region) already formed on the subst rate

by heating the substrate 12 that is conveyed to the
imprint apparatus 1 and held by the substrate stage 4.

In this embodiment, the pattern region 23 is a

-13 -



processing target region that includes one shot reg
However, the pattern region 23 may be a processing
target region that includes a plurality of shot reg

(that is, a pattern may be formed on a plurality of
shot regions in one imprint process in some cases).
Note that the shot region corresponds to a repetiti
pattern that is formed by using a reticle or a mask
when forming a pattern by an exposure apparatus on
upper layer of a substrate on which a pattern has b
formed in the imprint apparatus 1. For example, in
shot region, one or a plurality of patterns of a ch

size desired by a user are formed.

[ 0037] Fig. 2 is a schematic view showing the
arrangement of the heating unit 6. The heating uni
includes a light source unit 24, a light adjustment
device 25, and a light absorbing portion 26. The |
source unit 24 functions as a heat source for heati
the substrate 12 and irradiates, in this embodiment
the light adjustment device 25 with a light 27 of a
wavelength which will not cure the imprint material
For example, if the imprint material 17 is cured by
wavelength between 300 nm and 400 nm, the light sou
unit 24 emits a light having a wavelength band of 4

nm.

[ 0038] When correcting the shape of the pattern

region 23 on the substrate, the light adjustment de

25 forms a temperature distribution on the substrat
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forming an irradiation amount distribution on the
substrate. As shown in Fig. 3, the light adjustmen
device 25 is formed by a digital mirror device 28.

3 is a schematic view showing the arrangement of th
digital mirror device 28. As shown in Fig. 3, the
digital mirror device 28 includes a plurality of mi
elements 29 that form reflecting surfaces and are
arranged two-dimensionally (in a matrix). The mirr
elements 29 can change the reflecting direction of
light 27, which is emitted from the light source un
24, and form an arbitrary irradiation amount
distribution on the pattern region 23 on the substr
The control unit 8 controls (the driving of) each
mirror element 29 separately.

[ 0039] Fig. 4 is a schematic view showing the
sections of the mirror elements 29 that form the
digital mirror device 28 and shows the driving stat
the mirror elements 29. As shown in Fig. 4, the mi
elements 29 form an arbitrary irradiation amount
distribution by being driven (tilted) to an ON stat

in which the light 27 is reflected in a direction 3
toward the substrate 12 or to an OFF state 33 in wh
the light 27 is reflected in a direction 31 toward

light absorbing portion 26. The light amount grada
of the light with which the substrate 12 is irradia

is controlled by controlling the time (irradiated t

in which each mirror element 29 is set to the ON st
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32 and the time (unirradiated time) in which each

mirror element is set to the OFF state 33.

[ 0040] As shown in Fig. 1, the substrate 12 is

irradiated, via a dichroic mirror 34, with the ligh t 27
reflected in the direction 30 toward the substrate 12
by each mirror element 29. The division count of t he
digital mirror device 28, that is, the number of mi rror

elements 29 forming the digital mirror device 28 is

appropriately determined in accordance with the

required irradiation amount distribution.

[ 0041] When each mirror element 29 forming the

digital mirror device 28 is driven to the OFF state 33,
the light absorbing portion 26 absorbs the light 27

reflected by the mirror element 29. The light

absorbing portion 26 absorbs the emitted light 27 b y
converting the light into heat. Therefore, the lig ht

absorbing portion 26 preferably includes a cooling

mechanism.

[ 0042] The sensor 7 is arranged on the substrate

stage 4 so as to have the same height as the substr ate
12 held by the substrate stage 4. Among the plural ity
of mirror elements 29 included in the digital mirro r

device 28, the sensor 7 measures the light amount

(irradiation amount distribution) of the light

reflected by at least some of the mirror elements 2 9.
The sensor 7 is, for example, a photoelectric

conversion element that converts the received light

-16 -



into an electrical signal. In a period in which th
imprint process is not performed such as a maintena
period, the sensor 7 measures, while scanning the
substrate stage 4, the light amount of the light 27
with which the substrate 12 is irradiated from the
digital mirror device 28.

[ 0043] The control unit 8 is formed by a computer
that includes a CPU and a memory and controls each
of the imprint apparatus 1 in accordance with a pro
stored in the memory. The control unit 8 controls
imprint process of forming a pattern on the substra
by controlling the operation and adjustment of each
unit in the imprint apparatus 1. In this embodimen

as will be described in detail later, the control u

8 controls the heating unit 6 based on the measurem
results of the sensor 7. The control unit 8 may be
integrally formed (in a common housing) with the ot
parts of the imprint apparatus 1 or may be separate
formed (in a separate housing) with the other parts
the imprint apparatus 1.

[ 0044] The alignment measurement unit 35 measures,
when an imprint process is to be performed, the
position and the shape of the pattern region 23 on
substrate by irradiating the substrate 12 with an
alignment light AL and detecting the alignment ligh
reflected on the substrate 12.

[ 0045] The imprint process in the imprint
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apparatus 1 will be described. As described above,
imprint process is performed by the control unit 8
integrally controlling each unit of the imprint

apparatus 1. First, the control unit 8 causes the

substrate conveyance unit to convey the substrate 1

and the substrate stage 4 (substrate chuck 18) to h
the substrate. Next, the control unit 8 drives the
stage driving unit 19 to position the shot region
(pattern region 23) on the substrate in the supply
position of the supply unit 5. Next, the control u

8 causes the supply unit 5 to supply the imprint
material 17 onto the shot region on the substrate.
Next, the control unit 8 drives the stage driving u
19 so that the shot region on the substrate supplie
with the imprint material 17 is positioned immediat
below the mold 11. Next, the control unit 8 drives
mold driving unit 15 to bring the imprint material
on the substrate and the mold 11 into contact with
other. As a result, the imprint material 17 on the
substrate fills the pattern 13 (concave portion) of
mold 11. Next, the control unit 8 causes the
irradiation unit 2 to irradiate, via mold 11, the
imprint material 17 on the substrate with the
ultraviolet rays 9 to cure the imprint material 17.
Next, the control unit 8 drives the mold driving un
15 to separate the mold 11 from the cured imprint

material 17 on the substrate. As a result, the thr
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dimensionally shaped pattern of the imprint materia |17
corresponding to the pattern 13 of the mold 11 is

formed on the shot region on the substrate. These

series of operations can be performed on each of th e
plurality of shot regions on the substrate to form a
pattern of the imprint material 17 on each of the

plurality of shot regions.

[ 0046] The substrate 12 that is to undergo the

imprint process in the imprint apparatus 1 has, for

example, undergone a heating process in a depositio n
process such as sputtering in the device manufactur ing
process. Hence, the substrate 12 may have expanded or
shrunk before being conveyed into the imprint appar atus
1, and the shape of the pattern region 23 in the tw o]
directions perpendicular to each other in the X-Y p lane

may have changed. The deformation of the pattern
region 23 mainly includes a scaling component, a
parallelogram component, and a trapezoid component, and

it may be a combination of these components in some

cases.
[ 0047] Hence, in the imprint apparatus 1, when the
imprint material 17 on the substrate and the mold 1 1

are to be brought into contact with each other, the
shape of the pattern region 23 of the substrate 12
needs to be corrected to match the shape of the pat tern
13 of the mold 11. In this embodiment, the control

unit 8 obtains, from the measurement result of the

-19 -



alignment measurement unit 35, the correction amoun t

necessary to match the shape of the pattern region 23
of the substrate 12 to the shape of the pattern 13 of
the mold 11. Then based on the correction amount, the
pattern region 23 of the substrate 12 undergoes hea t
deformation by the heating unit 6 to match the shap e of
the pattern region 23 of the substrate 12 to the sh ape

of the pattern 13 of the mold 11. In other words,
under the control of the control unit 8, the heatin g

unit 6 (digital mirror device 28) heats the pattern

region 23 so as to reduce (to set within a tolerabl e
range) the shape difference between the pattern reg ion
23 of the substrate 12 and the pattern 13 of the mo Id
11.

[ 0048] Due to initial failures or age

deterioration in the digital mirror device 28 formi ng

the heating unit 6, a defect in which the mirror

element 29 becomes fixed can occur. Also, due to

reflectance differences between the mirror elements 29,
light amount unevenness of the light 27 emitted fro m
the light source unit 24, or the optical performanc e of
the optical element arranged in the optical path fr om
the light source unit 24 to the substrate 12, a lig ht

amount error in which the light amount of the light
with which the substrate 12 is irradiated differs f rom
a target light amount can occur.

[ 0049] In order to minimize these influences, in

-20-



this embodiment, the region in which the mirror

elements 29 are two-dimensionally arranged is made

smaller than the shot region on the substrate as sh own
in Fig. 3, and units of control are divided (separa ted)
into a plurality of segments 41 so as to include a

plurality of mirror elements 29. The number of

segments 41 is arbitrary as long as the conditions are

satisfied. For example, in this embodiment, assume

that the number of segments 41 is 600 and that the

arrangement shown in Fig. 3 represents some of all the

mirror elements 29 in the digital mirror device 28.

The control unit 8 controls the digital mirror devi ce
28 for each segment 41 which is a set of the plural ity
of mirror elements 29. For example, the light amou nt

of light with which the substrate 12 is irradiated from

each segment is calibrated by correcting, for each

segment 41, the light amount error caused from the

defects and reflectances of the mirror elements 29,

light amount unevenness of the light from the light

source unit 24, and the like.

[ 0050] More specifically, first, the light amount

(light amount distribution) of light emitted to the

substrate 12 from the heating unit 6, that is, the

digital mirror device 28 is measured. Of the regio nin
which the mirror elements 29 are arranged, the cont rol
unit 8 sets the mirror elements 29 in a region

corresponding to the shot region, which is a region on
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the substrate to which a pattern is to be formed in
imprint process, to the ON state 32 and sets the mi
elements 29 in the remaining region to the OFF stat
In addition, the control unit 8 causes the sensor 7
measure the light amount of the light 27 with which
substrate stage 4 is irradiated from the digital mi
device 28 by scanning the substrate stage 4 so that
sensor 7 can cover the entire shot region. The con
unit 8 obtains, based on each measurement result of
sensor 7, a light amount (integrated value) A for e
segment 41 of the digital mirror device 28. Next,
control unit 8 obtains a calibration value for each
segment 41 of the digital mirror device 28. Lettin
Amin be the minimum value (minimum light amount) of
light amount A, the calibration value of each segme
41 is Amin/A. Note that each segment 41 has a reqi
of a degree that does not influence the overlay
accuracy between the pattern region 23 on the subst
and the pattern 13 of the mold 11, and the size of
region of each segment can be changed in accordance
with the requested overlay accuracy. For example,
assume a case in which a shot region of 30 mm
(vertical) x 20 mm (horizontal) has been set on the
substrate and (the region of) each segment 41 has b
set to 1 mm square on the substrate. In this case,
mirror elements 29 in a region corresponding to the

mm (vertical) x 20 mm (horizontal) region on the
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substrate is set to the ON state 32, and the mirror
elements 29 in the other remaining region are set t
the OFF state 33. In this state, by causing the
substrate stage 4 to scan so that the entire shot
region will be covered by the sensor 7, the light
amount of the light 27 with which the substrate sta

is irradiated from the digital mirror device 28 wil
measured by the sensor 7. As a result, light amoun
(integrated values) Al, A2, A3,..., A600 of the
respective segments 41 are obtained. In this manne
the sensor 7 measures the light amount of light wit
which the substrate 12 (substrate stage 4) is
irradiated from each segment 41 and obtains the dat
Also, the sensor 7 is formed to measure the light
amount of each region that is smaller than the regi
on the substrate corresponding to each of the plura
of segments 41. Assume that Amin is the minimum va
among the light amounts (integrated values) Al, A2,
A3,..., A600 of the respective segments 41. In thi
case, the calibration values of the segments 41 are
Amin/Al, Amin/A2, Amin/AS3,..., Amin/A600, respectiv
The calibration values are used to correct the shap
the pattern region 23 of the substrate 12.

[ 0051] The correction process of correcting the
shape of the pattern region 23 of the substrate 12
the imprint apparatus 1 will be described with

reference to Fig. 5. As described above, in this
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embodiment, a temperature distribution is formed in side

and outside the pattern region 23 by the heating un it 6
to correct the shape of the pattern region 23 of th e
substrate 12, that is, the deformation component of the

pattern region 23.

[ 0052] In step S502, the control unit 8 causes the

alignment measurement unit 35 to measure the shape of
the pattern region 23 of the substrate 12. In step

S504, the control unit 8 analyzes, based on the

measurement result of the alignment measurement uni t35
in step S502, the deformation component included in the
pattern region 23 of the substrate 12 and obtains a

correction amount necessary to match the shape of t he
pattern region 23 to the shape of the pattern 13 of the
mold 11. In step S506, the control unit 8 obtains,

based on the correction amount obtained in step S50 4,
the light amount for each segment 41 of the digital

mirror device 28 necessary for correcting the shape of

the pattern region 23 of the substrate 12.

[ 0053] In step S508, the control unit 8 separately

controls, based on the product between each calibra tion
value described above and each light amount obtaine din
step S506, the mirror elements 29 for each segment 41
of the digital mirror device 28. For example, in 0 rder
to obtain the target light amount for each segment 41,
the control unit 8 controls the ratio of the irradi ated
time (time in which the ON state 32 is set) of ligh tto
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the substrate 12 by the mirror elements 29 and the
unirradiated time (time in which the OFF state 33 i
set) for each segment 41. More specifically, if a
command value from the control unit 8 to an arbitra
segment 41 is 1, all of the mirror elements 29 in t
segment corresponding to the command value are set
the ON state 32. Also, if the command value from t
control unit 8 to the arbitrary segment 41 is 0.75,
mirror elements 29 in the segment is set to the ON
state 32 for 7.5 msec and the mirror elements 29 is
to the OFF state 33 for the subsequent 2.5 msec. T
state switching of the mirror elements 29 in the
segment in this manner will be repeated until the
command value is changed. In this manner, for each
segment 41, the light amount is adjusted by control
the time in which the mirror elements 29 are set to
ON state 32 and the time in which the mirror elemen
are set to the OFF state 33 (ratio of the irradiate

time and the unirradiated time).

[ 0054] In this embodiment, the mirror elements 29

included in each of the segments 41 are controlled
separately so that the light amount of light with w

the substrate 12 is irradiated from each of the
plurality of segments 41 will be a target light amo
when an imprint process is to be performed based on
measurement results of the sensor 7. More specific

the ratio of the irradiated time and the unirradiat
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time of light to the substrate 12 from the mirror
elements 29 for each segment 41 is controlled so th
the target light amount can be obtained in each seg
41. At this time, as described above, the minimum
light amount is specified, from the measurement res
of the sensor 7, among the maximum light amounts of
light with which the substrate 12 can be irradiated
from the plurality of segments 41, and the light
amounts between the segments are calibrated using t
minimum light amount as a reference. For example,
the maximum light amount of light with which the
substrate 12 is irradiated from a predetermined seg
41 is smaller than the maximum light amount of ligh
with which the substrate 12 is irradiated from anot
segment 41, the light amount of the predetermined
segment 41 is calibrated by using the light amount
the other segment 41 as a reference. Here, the
measurement results of the sensor 7 are sets of dat
obtained by measuring the light amount of light wit
which the substrate 12 is irradiated from each segm

41.

[ 0055] The correction process shown in Fig. 5 is

performed during or after the pressing process befo
the imprint material 17 on the substrate is cured.
control unit 8 cures the imprint material 17 on the
substrate after matching the shape of the pattern

region 23 of the substrate 12 and the shape of the
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pattern 13 of the mold 11 by the correction process
shown in Fig. 5. Also, in order to facilitate the
correction of the shape of the pattern region 23 of
substrate 12, the suction force of the substrate ch
18 to a region corresponding to the pattern region
can be reduced locally. In this manner, in the imp
apparatus 1, by correcting the shape of the pattern
region 23 of the substrate 12, the shape of the pat
region 23 and the shape of the pattern 13 of the mo
11 can be matched with high accuracy. For example,
this embodiment, the shape of the pattern region 23
the shape of the pattern 13 of the mold 11 can be
matched with higher accuracy than in a case in whic
the shape of the pattern 13 is corrected by displac
or applying an external force to the side surface o
the mold 11. Hence, the pattern region 23 of the
substrate 12 can be overlaid on the pattern of the
newly formed imprint material 17 with high accuracy
Note that in the imprint apparatus 1, a shape
correction mechanism that corrects the shape of the
pattern 13 by displacing or applying an external fo
to the side surface of the mold 11 may be used in
combination. Also, as described above, although th
correction process shown in Fig. 5 is preferably
performed during or after the pressing process befo
the imprint material 17 on the substrate is cured,

can also be performed before the pressing process.
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[ 0056] In step S508, the number of mirror elements

29 to be set to the ON state 32 and the number of
mirror elements 29 to be set to the OFF state 33 in
each segment 41 can be controlled so that a target
light amount can be obtained in each segment 41. |
other words, when obtaining the same target light
amount for each of the segments 41, the number of
mirror elements 29 that irradiate the substrate 12
light can be controlled for each segment 41. For
example, in the digital mirror device 28 shown in F
3, each segment 41 includes 16 mirror elements 29.
a case in which the command value from the control
8 to an arbitrary segment 41 is 1, assume that all

the mirror elements 29 in the segment corresponding
the command value will be set to the ON state 32.

in a case in which the command value from the contr
unit 8 to the arbitrary segment 41 is 0.75, assume

of the mirror elements 29 in the segment, 12 mirror
elements 29 will be set to the ON state 32 and 4 mi
elements 29 will be set to the OFF state 33. At th
time, based on the measurement result of the sensor
the control unit 8 specifies the number of defectiv
mirror elements 29 that cannot irradiate the substr
12 with light for each segment 41 and controls for
segment 41 the number of mirror elements 29 that
irradiate the substrate 12 with light based on the

number of defective mirror elements. More specific
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in a case in which the number of defective mirror
elements 29 is 0 and the command value from the con
unit 8 to the arbitrary segment 41 is 0.5, of the

mirror elements 29 in the segment, 8 mirror element
will be set to the ON state 32 and 8 mirror element
will be set to the OFF state 33. However, in a cas
which the number of defective mirror elements 29 is
the defective mirror elements are taken into
consideration, 8 mirror elements 29 are set to the
state 32 and 5 mirror elements 29 are set to the OF
state 33. In this manner, the light amount is adju

by controlling the number of mirror elements 29 set
the ON state 32 and the number of mirror elements 2
set to the OFF state 33 for each segment 41.

[ 0057] In this embodiment, although the imprint
apparatus 1 obtains data (that is, measures by the
sensor 7) by measuring the light amount of light wi
which the substrate is irradiated from each segment
the present invention is not limited this. For exa

the data may be obtained by measuring the light amo
of light with which the substrate is irradiated fro

each segment 41 by a measurement device outside of

imprint apparatus 1.

[ 0058] In addition, in this embodiment, the shape

difference between the pattern region 23 of the
substrate 12 and the pattern 13 of the mold 11 is

obtained from the measurement result of the alignme
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measurement unit 35. However, the shape difference
between the pattern region 23 of the substrate 12 a
the pattern 13 of the mold 11 can be measured by a
measurement device outside the imprint apparatus 1.
this case, the measurement result of the external
measurement device is input to the control unit 8
manually or automatically via a communication circu
The external measurement device includes, for examp
an overlay inspection apparatus. The overlay
inspection apparatus inspects, for a plurality of m

the positional shifts between the marks formed arou
the pattern region 23 and the marks simultaneously
formed around a pattern at the time of the formatio
the pattern, which is formed on the substrate by
performing pattern formation without deforming the
pattern 13. As a result, information indicating th
shape difference between the pattern 13 and the pat
region 23 can be obtained. Based on the informatio
indicating the shape difference between the pattern
and the pattern region 23 that is obtained in this
manner, the control unit 8 calculates the correctio
amount for correcting the shape of the pattern 13 o
the mold 11 and the correction amount for correctin
the shape of the pattern region 23 of the substrate
Note that the calculation of these correction amoun
can be performed outside the imprint apparatus 1.

[ 0059] According to this embodiment, there is
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provided an imprint apparatus 1 that is advantageou
terms of the overlay accuracy between the pattern
region 23 (the process region formed in advance on
substrate) of the substrate 12 and the pattern of t
imprint material 17 to be newly formed on the subst

[ 0060] The pattern of the cured product that has
been formed using the imprint apparatus 1 is used
permanently for at least some of various articles o

used temporarily when the various articles are
manufactured. The article includes an electric cir
element, an optical element, a MEMS, a printing ele

a sensor, a die, or the like. The electric circuit

element includes, for example, a volatile or

nonvolatile semiconductor memory such as a DRAM, an
SRAM, a flash memory, or an MRAM or a semiconductor
element such as an LSI, a CCD, an image sensor, or
FPGA. The die includes an imprinting mold or the |

[ 0061] The pattern of the cured product is used
without any change as a constituent member of at le

a part of the above-described article or used

temporarily as a resist mask. The resist mask is
removed after etching, ion implantation, or the lik
performed in a processing step of the substrate.

[ 0062] A detailed method of manufacturing the
article will now be described. As shown Fig. 6A, t
substrate 12 such as a silicon wafer having a

processing target material such as an insulator for
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on its surface is prepared, and then an imprint
material 17 is applied on the surface of the proces
target material by an inkjet method or the like. A
state is shown here in which the imprint material 1
formed into a plurality of droplets is applied on t
substrate.

[ 0063] As shown in Fig. 6B, a side of the
imprinting mold 11 on which its concave-convex patt
is formed faces the imprint material 17 on the
substrate. As shown in Fig. 6C, the mold 11 and th
substrate 12 to which the imprint material 17 is
applied are brought into contact with each other,
applying a pressure. The imprint material 17 fills
gap between the mold 11 and the processing target
material. The imprint material 17 is cured by
irradiating it with light as curing energy through

mold 11 in this state.

[ 0064] As shown in Fig. 6D, the pattern of the
cured product of the imprint material 17 is formed
the substrate by separating the mold 11 and the
substrate 12 from each other after curing the impri
material 17. The pattern of this cured product has
shape such that the concave portion of the mold 11
corresponds to the convex portion of the cured prod
and the convex portion of the mold 11 corresponds t
the concave portion of the cured product. That is,

concave-convex pattern of the mold 11 is transferre
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the imprint material 17.

[ 0065] As shown in Fig. 6E, out of the surface of

the processing target material, portions without th
cured product or portions where the cured products
remain thin are removed and become trenches by
performing etching using the pattern of the cured
product as an etching resistant mask. As shown in
6F, an article having the trenches formed on the
surface of the processing target material can be
obtained by removing the pattern of the cured produ
Although the pattern of the cured product is remove
here, the pattern of the cured product may be utili
as, for example, an interlayer dielectric film incl

in the semiconductor element or the like, that is,
constituent member of the article without removing
even after processing.

[ 0066] (Modification)

An embodiment in which the shape of the pattern

region 23 on the substrate is corrected by using th

heating unit 6 including the digital mirror device

has been described above. An embodiment in which a

unit including the light source unit 24, the digita
mirror device 28, and the light absorbing portion 2
used to increase the viscosity of an uncured imprin
material will be described hereinafter. According
this embodiment, it is possible to improve the

positioning accuracy of the substrate 12 and the mo
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11 by increasing the viscosity of the uncured impri
material.

[ 0067] The light source unit 24 generates light of
a wavelength that increases the viscosity of an unc
imprint material supplied on the substrate 12. In
general, the imprint material, which is a resin
material to be supplied on the substrate 12, has lo
viscosity, and the imprint material can easily fill
pattern 13 of the mold 11. Here, when the imprint
material has low viscosity, a positional shift betw
the mold 11 and the substrate 12 is easily caused b
external disturbance or the like. If the imprint
material is cured in a state in which a positional
shift has occurred between the mold 11 and the
substrate 12, it is more likely to cause a reductio

the overlay accuracy.

[ 0068] Hence, the shot region on the substrate 12

and the pattern 13 of the mold 11 are positioned in

state in which the viscosity of the imprint materia

has been increased. This reduces the positional sh
between the mold 11 and the substrate 12, thereby
improving the overlay accuracy as a result.

[ 0069] For example, in the curing process of the
imprint material, assume that the wavelength band o
the ultraviolet rays with which the imprint materia
irradiated is set between 200 nm and 400 nm. At th

time, the wavelength band of the light that is to
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irradiate the imprint material to increase its

viscosity can be set between 300 nm and 350 nm to
increase the viscosity of the imprint material with
over-curing the imprint material.

[ 0070] Note that the period in which the light
which is to irradiate the imprint material to incre

its viscosity can be set appropriately. For exampl
the irradiation operation of the light for increasi

the viscosity can be started at or after a timing a
which the mold 11 and the imprint material is broug
into contact with each other or the irradiation
operation of the light for increasing the viscosity

be started before a timing at which the mold 11 and
imprint material is brought into contact with each
other.

[ 0071] While the present invention has been
described with reference to exemplary embodiments,
is to be understood that the invention is not limit

to the disclosed exemplary embodiments. The scope
the following claims is to be accorded the broadest
interpretation so as to encompass all such

modifications and equivalent structures and functio
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WHAT IS CLAIMED IS:

1. An imprint apparatus that performs an
imprint process of forming a pattern of an imprint
material on a processing target region on a substra te
by using a mold, comprising:
a digital mirror device including two-
dimensionally arrayed mirror elements and configure dto
irradiate the substrate with light reflected by the
mirror elements;
a measurement unit configured to measure,
for each of a plurality of segments obtained by
dividing a region in which the mirror elements are
arrayed so as to include a plurality of the mirror
elements, a light amount of light emitted from each
segment; and
a control unit configured to control the
mirror elements included in each segment based on a

measurement result of the measurement unit.

2. The apparatus according to claim 1, wherein
the control unit is configured to separately contro I
the mirror elements included in each segment so tha t
the light amount of light emitted from each of the
plurality of segments will be a target light amount

when the imprint process is to be performed.
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3. The apparatus according to claim 2, wherein
the control unit is configured to control a ratio
between an unirradiated time and an irradiated time
light by the mirror elements for each segment so as

obtain the target light amount.

4. The apparatus according to claim 3, wherein
the control unit is configured to specify, based on
measurement result, a minimum light amount among th
light amounts of light emitted from the plurality o
segments and calibrate the light amounts between th
plurality of segments by using the minimum light am

as a reference.

5. The apparatus according to claim 2, wherein
the control unit is configured to control the numbe
mirror elements that irradiate the substrate with |
for each segment so as to obtain the target light

amount.

6. The apparatus according to claim 5, wherein
the control unit is configured to specify the numbe
defective mirror elements that cannot irradiate the
substrate with light based on the measurement resul
and control the number of mirror elements that
irradiate the substrate with light based on the num

of defective mirror elements for each segment.
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7. The apparatus according to claim 1, further

comprising:
a stage configured to hold the substrate
and move,
wherein the measurement unit is arranged on
the stage.
8. The apparatus according to claim 7, wherein
the measurement unit is configured to measure a lig ht
amount for each region that is smaller than a regio non
the substrate corresponding to each of the pluralit y of
segments.
9. The apparatus according to claim 7, wherein
the measurement unit is configured to measure the | ight
amount of light emitted from each of the plurality of

segments to the substrate in a period in which the

imprint process is not performed.

10. The apparatus according to claim 1, wherein
the digital mirror device is configured to heat the
processing target region so as to reduce a shape
difference between a pattern portion of the mold an d

the processing target region.

11. The apparatus according to claim 1, wherein
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the digital mirror device is configured to irradiat e
the substrate with light that increases the viscosi ty

of the imprint material on the substrate.

12. The apparatus according to claim 11,

wherein the digital mirror device is configured to

irradiate, after the mold and the imprint material are
in contact with each other, the substrate with ligh t
that increases the viscosity of the imprint materia | on

the substrate.

13. A method of manufacturing an article,

comprising:

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

processing the substrate on which the
pattern has been formed in the forming; and

manufacturing an article from the processed
substrate,

wherein the imprint apparatus performs an
imprint process of forming a pattern of an imprint
material on a processing target region on the subst rate
by using a mold, and the imprint apparatus includes

a digital mirror device including two-
dimensionally arrayed mirror elements and configure dto
irradiate the substrate with light reflected by the

mirror elements,
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a measurement unit configured to measure,
for each of a plurality of segments obtained by
dividing a region in which the mirror elements are
arrayed so as to include a plurality of the mirror
elements, a light amount of light emitted from each
segment, and

a control unit configured to control the
mirror elements included in each segment based on a

measurement result of the measurement unit.

-40 -



