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DESCRIPTION

ATLIGNMENT METHOD, IMPRINT METHOD, ALIGNMENT APPARATUS,

'AND POSITION MEASUREMENT METHOD

[TECHNICAL FIELD]
The present invention relates to an alignment

method, an imprint method, an alignment apparatus, and

~a position measurement method.

[BACKGROUND ART]

In recent years, as desgribed.in Appl. Ph&s.
T.ett., Vol. 67, Issue 21, pp. 3114 - 3116 (1995) by
Stephan Y. Chou et al., a fine proceséing technology
for pressure-transferring a fine structure provided on
a mold onto a work (or workpiecé) such as a
semiconductor, glass, resin, or metal has been
developed and has received attention. This technology
is called nanoimprint or nanoémbossing since it has
resolving power on the order of several nanometers. In
addition.to semiconductor manufacturing, the
technology is capable of effecting simultaneous
processing of a fhree—dimensional structure at a wafer
level. For this reason, the technology has been
expected to be applied to a wide variety of fields as
manufacturing technologies and the like for optical

devices such as photonic crystal and the like, W-TAS
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(micro total analysis system), biochips, etc.

The case where such nanoimprint, e.g., an
optical imprint method is used in the semiconductor
fabrication will be described below.

First, on a substrate (e.g., a semiconductor
wafer), a resin iayer of a photocurable resin material
is formed. Next, against the resin layer, a mold on

which a desired imprint pattern is formed is pressed,

followed by irradiation with ultraviolet rays to cure

the photocurable resin material: As a, result, the
imprint structure is transferred ontoithe resin layer.

Then, etching or the like with the resin layer as a

‘ mask is effected to form a desired structure on the

substrate.

Incidentally, in the semiconductor
manufacturing, it is necessary to effect (positional)
alignment of the mold with ‘the substrate. For example,
in such a current circumstance that a semiconductor
process rule is not more than 100 nm, a tolerance. of
alignment error due to an apparatus is such a severe
degree that it is said to be several nanometers to
several tens of nanometers.

As such an alignment method, e.g., U.S. Patent
NO. 6,696,220 has proposed a method in which a mold
and a substrate are céused to contact each other, in a
state in which a resinous material is interposed

therebetween, to effect alignment. In this method,
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first, a photocurable resin material is selectively
applied to a portion of the substrate other than an
alignment mark provided to the substrate. Next, the

substrate is moved to a position opposite to the mold.

In this state, a distance between the mold and a work

(the substrate provided with the photocurable
material) is decreased so that the mold is caused to

come near to such a distance that the alignment mark

is not filled with the resin material. In the method,

the alignment is effected in this state and thereafter
final pressure application is performéﬁ. In the method,

an optical system for alignment employé such an

observation method that only a portion having a small

depth of focus in the neighborhood of the alignment
mark on the mold side is observed.

More specifically, the marks provided to the
mold and the substrate, respectively, are formed into
images in a single image pickup device by utilizing
chromatic aberration.

However, references of the mold and the
substrate are actually different from each other in
many cases. In the case where the mark provided to the
mold formed of quartz having a high transmittance and
the mark provided to the substrate formed of silicon
having a high reflectance overlap each other when the
marks are projected in a perpendicular direction, the

mold-side mark in a pickup image can be optically
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blocked by the substrate-side mark.
In such a state, images of the alignment marks
provided to the mold and the substrate, respectively,

cannot be picked up with a sufficient gradation range, .

'so that a high detection resolution cannot be attained

in some cases.

[DISCLOSURE OF THE INVENTION]

In view of the above described problems, a
principal object of the present ‘invention is to
provide an alignment method and an imp}int method

which are capable of solving the,above‘described

, pioblems.

Another object of the present invention is to
provide an alignment apparatus and an imprint
apparatus capable of carrying oﬁt the alignment method
and the imprint method.

A further object of the present invention is
to provide a position measurement method for measuring
a relative positional relationship of two objects or
an amount of relative movement between the two objects.

According to a first aspect of the present
invention, there is provided an alignment method for
effecting alignment between two plate-like objects by
using a light source and an image pickup device, the
alignment method comprising:

disposing a first plate-like object provided
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with a first alignment mark and a second plate-like
object provide with a second alignment mark opposite
to each other;

providing a first area and a second area at

‘mutually nonoverlapping positions in an image pickup

area for being observed through the image pickup
device;

picking up images of the first and second

alignment marks by the image pickup device from a

direction substantially perpendicular to an in-plane
direction of the first and second plaﬁe—like objects;

effecting alignment control for aligning

, positions of the first and second plate-like objects

in the in-plane direction with each other by using
first information about a deviation of the first
alignment mark from a predetermined position in the
first area and seeoﬁd information ‘about a deviation of
the second alignment mark from a predetermined
position in the second area; and

adjusting a gap between the first and second
plate-like objects so that the gap is 3 Jum or less by
decreasing the gap while effecting the alignment
control.

In the alignment method, each of the images of
the first and second alignment marks picked up by the
image pickup device may preferably be adjusted in

contrast.

PCT/JP2007/058898
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Further, by causing the first and second areas
to have an identical planar area or the same number of
pixels of the image pickup device, signal processing
such as Fourier transform in a subsequent step is
facilitated. Magnification correction of images
observed in the first and sécond areas can be made
depending on a change in magnification resulting from
heights of the first and second plate;like objects.

According to a second aspect of the present
invention, there is provided an -alignment appératus

for effecting the above described alighment method.

The alignment apparatus compriées a first

' movable means for moving at least one of the first and

second plate-like objects in the in-plane direction;
and a second movable means for moving at least one of

the first and second plate—like'objects in a direction

vperpendicular to the in-plane direction.

Adcording to a third aspect of the present
invention, there is provided an imprint method for
effecting alignment between two plate-like objects by
using a light source and an image pickup device to

imprint an imprint pattern provided to one of the two

'plate-like objects on the other plate-like object or a

pattern forming layer formed on the other plate-like
object, the imprint method comprising:
disposing a mold as a first plate-like object

provided with a first alignment mark and a substrate
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as a second plate-like object provide with a second '
alignment mark opposite to each other;

providing a first area and a second area ét
mutually nonoverlapping positions in an -image pickup
area for being observed through the image pickup
device; |

detecting the first and second alignment marks

by the image pickup device from a direction

substantially perpendicular to an in-plane direction

of the first and second plate-like objects;

effecting alignment control £Or aligning
positions of the first and second platé—like objects
in the in-plane direction with each other by using
first information about a deviation of the first
alignment mark from a predetermined position in the
first area and second information about a deviation of
the second alignment mark from a predetermined
position in the second area; and

imprinting an imprint pattern provided to the
mold as the first plate-like object on the substrate
as the second plate-like object or a pattern forming
layer formed on the substrate. |

According to a fourth aspect of the present
invention, there is provided an imprint apparatus for
effecting an alignment method according to the third
aspect of the present invention. The imprint apparatus

comprises a first movable means for moving at least
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one of the first and second plate-like objects in the
in-plane direction; and a second movable means for
moving at least one of the first and second plate-like

objects in a direction perpendicular to the in-plane

“direction.

According to fifth aspect of the present
invention, there is provided an alignment method for

effecting alignment between two plate-like objects by

.using an image pickup device. The alignment method |

comprises:
disposing a first plate-like 5bject provided

with a first periodic structure with a pitch P1 as an

‘ alignment mark and a second plate-like object provide

with a second periodic structure with a pitch P2 as an

alignment mark opposite to each other;

providing a first area and a second area at
mutually nonoverlépﬁing positions in an imége pickup
area for being observed through the image pickup
device;

picking up images of the first and second
periodic structures in the first and second areas,
tespectively, by the image pickup device from a
direction substantially perpendicular to an in-plane
direction of the first and second plate-like objects;

effecting alignment between the first and
second plate-like objects in the in-plane direction by

extracting basic frequencies corresponding to the

PCT/JP2007/058898
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first and second periodic structures, respectively,
from information about the picked up images,
performing computation with the basic frequencies to

extract a moire fringe component, and using

information about a positional deviation of the first

and second plate-like objects in the in-plane
direction obtained from the moire fringe component.

According to a sixth aspect of the present

invention, there is provided a position measurement

method for measuring positions of two gbjects by using

_an image pickup device. The position measurement

method comprises:

disposing a first object provided with a first
periodic structure with a pitch Pl as an alignment
mark and a second object provide with a second
periodic structure with a pitchAPZ as an alignment
mark opposite to each other;

providing a first area and a second area at
mutually nonoverlapping positions in an image pickup
area for being observed through the image pickup
device;

picking up images of the first and second
periodic structures in the first and second areas,
respectively, by the image pickup device from a
direction substantially perpendicular to an in-plane
direction of the first and second objects; -

effecting position measurement of the first

PCT/JP2007/058898
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and second objects in the in-plane direction by
extracting basic frequencies corresponding to the
first and second periodic structures, respectively,
from information about the picked up images, and
performing computation with the basic frequencies to
extract a moire fringe component.

According to a seventh aspect of the present

invention, there is provided an imprint method

.comprising:

transferring a pattern formed on a processing
surface of a mold onto a resin material provided on é
surface of a substrate by curing the resin material,

wherein when an alignment mark provided to a
mold is observed through an image pickup device, a
wavelength of light entering the image pickup device
depending on a gép between the mold and the substrate
or a thickness of a member constituting the alignment
mark.

According to an eighth aspect of the present
invention, there is provided an élignment method for
effecting alignment between two members by using an
image pickup device. The alignment method comprises:

disposing a first member provided with a fi;st
alignment mark and a second member provide with a
second alignment mark opposite to each other;

obtaining first image information about the

first alignment mark in a first area in an image

PCT/JP2007/058898
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pickup area for being observed through the image
pickup device;
obtaining second image information about the

second alignment mark in a second area, different from

' the first area, in the image pickup area to be

observed by the image pickup device;
performing computation of-the.first image
information and the second image information; and
effecting alignment between the two members -by
using the first image information and the second image
)

information. In this alignment method: the computation

may be performedhby using the first image information

_and the second image information which are obtained at

portions at which the first area and the second area
do not overlap each other.

According to an ninth aépect of the present
invention, there is provided an alignment method for
effecting alignment between two plate-like objects by
using an image pidkup aevice. The alignment method
comprises:

disposing a first plate-like object provided
with a first periodic structure with a pitch Pl as an
alignment mark and a second plate-like object provide
with a second periodic structure with a pitch P2 as an
alignment mark opposite to each other;

providing a first area and a second area at

‘mutually nonoverlapping positions in an image pickup

PCT/JP2007/058898
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area for being observed through the image pickup
device;

picking up images of the first and second
periodic structures in the first and second areas,
respectively, by the image pickup device from a
direction substantially perpendicular to an in-plane
direction of the first and second plate-like objects;

obtaining positional information about a
‘relative position between the first and second
plate-like objects by performing computation of image
information obtained from the images gicked up by the
image pickup device; and ‘

| effecting alignment between the first and
second plate-like objects in the in-plane direction by
using the positional information.

These and other objects; features and
advantages of the'present invention will become more
apparent upon a consideration of the following
description of the preferred embodiments of the
present invention taken in conjunction with the

accompanying drawings.

[BRIEF DESCRIPTION OF THE DRAWINGS]

Figures 1(a) to 1l(c) are schematic views
showing a relationship bétwéeﬁ alignment marks for
illustrating the present invention.

Figures 2(a) and 2(b) are schematic views for
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illustrating a measurement optical system in the
present invention, wherein Figure 2(a) is a view for
illustrating a constitution in which light which
reaches respective positions of an image pickup device
is adjusted by an optical device, and Figure 2(b) is a
view for illustrating a constitution in which light
which reachgs respective positions of‘an image pickup

device is adjusted by a light source-side optical

‘device.

Figures 3(a) and 3(b) are schematic views for

h)

illustrating rating a measurement optfcal system in

the present invention, wherein Figure 3(a) is a view

. for illustrating a constitution in which light is

adjusted by a light amount control apparatus, and-

~Figure 3(b) is a view for illustrating a constitutipn

in which light is adjusted by a‘rotary shutter.

Figures 4(a) to 4(d) are schematic views for
illustrating marks used in the present invention,
wherein Figure 4(a) shows a mold mark, Figure 4 (b)
shows a substrate mark, Figure 4(c) shows a mold mark
having a periodic structure, and Figure 4(d) shows a
substrate mark having a periodic structure.

Figure 5 is a schematic view showing an
embodiment of a constitution of a mold applicable to
the present invention. |

Figures 6(a) and 6(b) are flow charts for

illustrating a signal processing method in the present
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invention, wherein Figure 6(a) is a flow chart for
illustrating the case where magnification correction
is not effected, and Figure 6(b) is a flow chart for

illustrating the case where the magnification

. correction is effected.

Figure 7 is a schematic view showing an
embodiment of a constitution of an imprint apparatus

for carrying out an imprint method according to the

‘present invention. .

Figure 8 is a schematic view showing an
example of an image irn the case whereﬂalignment marks
provided to a mold and a substrate are observed

through an image pickup device.

Figures 9(a) and 9(b) are schematic views

~ showing grating images in two areas.

Figure 10 is a schematié view for illustrating
an embodiment of éignal prdcessing in the present |
invention.

Figure 11 is a schematic view for illustrating
phase deviation.

Figures 12(a) to 12(d) are schematic views for
illustrating a method of alignment between a mold and
a substrate by means of a reference substrate in
Reference Embodiment 1 of the present invention,
wherein Figure 12 (a) includes views for illustrating
the case where observation is made in a state in which

the reference substrate is disposed at a first object

PCT/JP2007/058898
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position, Figure 12 (b) - includes views for illustratihg
the case where observation is made in a state in which
the reference substrate is disposed at a second object
position, Figure 12(c) includes views for illustrating
the case where observation is made in a state in which
the substrate is disposed at the second object

position, and Figure 12(d) includes views for

illustrating the case where observation is made in a

.state in which the. substrate is disposed at the first

object position.

Figures 13(a) to 13(c) are scEematic views‘for

illustrating a constitution of the reference substrate

“in Reference Embodiment 1.

Figure 14 is a schematic view for illustrating
a measuring optical system in Reference Embodiment 1.

Figure 15 is a schematié view for illustrating
a proceséing appaiatus in Reference Embodiment 1.

Figures 16(a) to 16(c) are schematic views for
illustrating a method‘of alignment between a mold and
a substrate by means of a reference substrate in
Reference Embodiment 2 of the present invention,
wherein Figure 16(a) includes views for illustrating
the case where observation is made in a state in which
the reference substrate is disposed at a predetermined
position, Figure 16 (b) includes views for illustrating
the case where observation is made in a state in which

the substrate is disposed at the second object
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position, and Figuré 16(c) includes views for
illustrating the case where observation is made in a
state in which £he substrate is disposed at the first
object position.

Figures 17 (a) to 17 (d) are schematic views for
illustrating a signal processing method in Reference
Embodiment 3 of the present invention, wherein Figure

17 (a) includes views for illustrating the case where

‘observation is made in a state in which the reference

substrate is disposed at a first object position,

A}

Figure 17 (b) includes views for illustrating the case

where observation is made in a state in which the

. reference substrate is disposed at a second object

position, Figure 17(c) includes views for illustrating

_the case where observation is made in a state in which

the substrate is disposed at the second object

- position, and Figure 17(d) includes views for

illustrating the case. where observation is made in a
state in which the substrate is disposed at the first
object position.

Figures 18(a) to 18 (f) are schematic views for
illustrating alignment marks in Embodiment 3, wherein
Figure 18(a) is a view for illustrating a first
alignment mark for uniaxial measurement, Figure 18 (b)
is a view for illustrating a second mark for uniaxial
measurement, Figure 18(c) is a view for illustrating a

composite image for uniaxial measurement, Figure 18(d)

PCT/JP2007/058898
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is a view for illustrating a first alignment mark for
XY0 measurement, Figure 18(e) is a view for
illustrating a second alignment mark for XYO

measurement, and Figure 18(f) is a view for

. illustrating a chposite image for XYO measurement.

Figures 19 and 20 are graphs each showing a
relationship between a wavelength-and intensity of

light entering an image pickup portion.

[BEST MODE FOR CARRYING OUT THE INVENTION]
(First Embodiment) i
An alignment method according to the present

invention for effecting alignment between two

plate-like objects by using a light source and an

~image pickup device will be described with reference

~to Figures 1l(a), 1(b) and 1(c).

Figure 1(5) is a tép view for illustrating an
image of an image pickup area 1995 observed through an
image pickup device loéated in a visible range 1999 in
a body tube of a microscope. Figure 1(b) 1is a
sectional view for illustrating a state of the two
plate-like objects disposed opposite to each other
when these plate-like objects are viewed in a
direction parallel to an in-plane direction thereof.
Figure 1(c) includes line profiles of marks which are
specifically described later.

In the alignment method, first, a first
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plate-like object 309 provided with a first alignmen£
mark 104 and a second plate-like object 312 provided
with a second alignment mark 113 are disposed opposite
to each other. 1In these casés, a first area 610 and a
second area 611 are provided at mutually
nonoverlapping positions in the image pickup area 1995
observed through the image pickup-device. These two
areas have been located within the image pickup area.
When imagés of the first and second alignment
marks are picked up by the image pickup device from a
direction substantially perpendicular&to an in-plane
direction of the first and second platé—like objects,

an image as shown in Figure 1(a) 1s obtained.

Here, setting is made so that the alignment

~between the first and second plate-like objects is

completed when the first alignmént mark 104 of the
first plate-like bbject 309 is located at a position
of a center of gravity of or a center of the first
area 610 and the secoﬁd alignment mark 113 of the
second plate-like object 312 is located at a position
of a center of gravity of or a center of the second
area 611. The completion of the alignment means that a
desired condition (or degree) of the alignment between.
the two plate-like objects with respect to the
in-plane direction of the two plate-like objects is
satisfied. Actual alignment is effected in the

following manner.
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Tirst information about a deviation of the
first alignment mark from a predetermined position in
the first area (e.g., the center of the first area) is
obtained.  Further, second information about a

. deviation of the second alignment mark from a
predetermined position in the second area (e.g., the
center of the second area) 1is obtaineq. The order of
obtaining the first information and the second
.information is not particularly. limited. The first -
information and the second information:may also be
obtained at the same time. Based on t;ese two pleces
of information, alignment control for éligning the
first and second plate-like objects with each other in
the in-plane direction is performed.

The alignmént control may, e.g., be performed
in the following manner. |

First, in'the case where driving mechanisms
for driving (moving) the first and second plate-like
objects, respectively,‘in the in-plane direction are
provided, the alignment is effected so that each of
the alignment marks for the first and second
plate-like objects. is located at the predetermined
position.

Alternatively, either one of the two
plate-like objects is fixed and the other plate-like

object movable in the in-plane direction is moved in

consideration of two pieces of information consisting
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of information about .a positional deviation of the
other plate-like object and information about a
positional deviation of the fixed plate-like object.
For example, in the case where the position of the
fixed first plate-like object is deviated from the
predetermined position by 5 scales in a right

direction in the first area and the position of the

 second plate-like object is deviated from the

-predetermined position by 2 scales - in a left direction

in the second area, the alignment is effected in the
following manner. “
The position of the second plate-like object

is not moved in the right direction by 2 scales but is

moved in the right direction by 7 scales (2+5 scales).

~This is merely an example.

In the case where the dfiving mechaﬁism with
respect to the in;plane direction is provided for only
one of the first and second plate-like objects,
positional adjustment‘is made by the above described
manner.

Further, in the case where an optical axis of
an optical system is movable, it is also possible to
adopt correction of the optical axis by moving the
optical system including a lens and the like into the
alignment control.

When thé positions of the first and second

plate-like objects are adjusted at desired positions,

PCT/JP2007/058898
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a distance (gap) between the first and second
plate-like objects is gradually decreased while the
alignment control (e.g., feedback control) 1is

performed so as to maintain an adjusted positional

 relationship between the first and second plate-like

objects in the in-plane direction. The first and
second plate-like objects are brought near to each

other so that the gap is 3 um or less. In the case

where the alignment method of this-embodiment is

applied to an imprint method, the gap may preferably

be 1 Mm or less.

Further, in the case where a photocurable or

_thermosetting resin material is interposed between the

first and second plate-like objects and a pattern:

~provided to the first plate-like object or the second

plate-like object is transferred onto the resin
material, the disfance (gap) between the first and
second plate-like objects may preferably be decreased
to 300 nm or less, more preferably 200 nm or less,
further preferably 100 nm or less. This is because a
film having a thickness corresponding to the distance
(gap) remains as a residual film after the resin‘
material is cured or hardened.

In this embodiment; in the case where the
first and second marks provided to the first and
second plate-like objects, respectively, are observed,

it is also possible to perform adjustment in contrast
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of each of the first and second marks or to perform
adjustment in SN ratio'of éach of the first and second
marks.

Hereinbelow, the case where the first and
second alignment.marks of the first and second
plate-like objects are observable by a single image
pickup device, i.e., the case where bqth of the marks

are located within the same depth of focus will be

-described.

Now, the case where marks of a mold and a

Y

substrate which are different in reflectance overlap

cach other is considered. In this state, when signal

. processing 1s performed; a sufficient contrast is not

ensured to impede accurate measurement in some cases.
For example, in the case where the first
plate-like object is a mold having an imprinting
pattern, an alignﬁent mark provided to the mold has an
increased transmittance. For example, in the case
where the mold is forméd of quartz, the alignment mark
is constituted by projections and recesses provided to
the gquartz mold. On the other hand, in the case where
the second plate-like object as a substrate provided
with an alignment mark is formed of, e.g., silicon, a
contrast of the alignment mark of the mold (first
plate-like object) is liable to be lower than the
alignment mark of the substrate (second plate-like

object) due to differences in transmittance and
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reflectance between the alignment marks of the mold
and the substrate. For this reason, the mold side mark
can be optically blocked by the substrate side mark.

Accordingly, as in this embodiment, in the

' case where both Qf the marks .are observed from the

perpendicular direction, it is possible to adjust a
contrast with respect to each of the mark images by

disposing the respective mark observation areas at

.positions at which the areas does not optically affect

each other.

The contrast may be adjusted gy adjusting
light entering the image pickup device‘by means of the
obtical system or by changing an exposure time for the
image pickup device.

The reason why the marks are observed from the
perpendicular direction is that.a change in mark
position due to mbvement of the mold or the substrate
in an image pickup rangé of the image pickup device
can be eliminated since the mold or the substrate  is
moved in z- (axis) direction (a direction perpendicular
to the in-plane direction of the plate-like objects)
when the imprint is effected. In the case of oblique
observation, a signal processing method corresponding
to a mark position change is required to be performed,
thus complicating the imprint method.

Further, when the imprint is effected,

different from a conventional exposure apparatus, a
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gap between a mask and-a substrate is not constant.
For this reason, a magnification is changed with
movement in the z-direction, so that signal processing
depending on the change in magnification is required
in some cases. Such signal processing is simpler in
the case of the perpendicular observation since the
change is isotropic.

Referring again to Figures 1(a) to 1l(c), the

‘description will be continued. In this embodiment, the

mold as the first plate-like object and the substrate
as the second plate-like object are dfsposed so as not
to optically overlap each other..

Referring to Figure 1(a) (top view) and Figure

1(b) (sectional view), a first area A (610) and second

~area B (611) of the image pickup device are diagonally

provided at corner portions. 1In the first area A (610)
and the second aréa B (611f, a mold-side alignment
mark 104 and a substrate-side alignment mark 113 are
adjusted in position sb as to be disposed,
respectively. The disposition (arrangement) of these
two areas is not particularly limited so long as they
do not optically overlap each other.

In the image pickup area 1995, a distance
between the mold-side alignment mark and the
substrate-side alignment mark is several tens of
micrometers to several hundreds of micrometers.

Further, a gap (distance in z-direction) between the
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mold and the substrate is several micrometers. For
this reason, even in consideration of numerical
aperture of the microscope, the distance and the gap
do not adversely affect the first area A and the
second area B.

Accuracy of a stage is on the order of
submicrometers or nanometers and sometimes on the

order of subnanometers, so that it is possible to

.easily create such.a state. Figure 1 (c) illustrates. a

state when the marks on both of the mold and substrate
sides are observed. More specificallj} a left-hand
view shows a line profile of the substrate-side

aiignment mark 113 (Figure 1l(a)) and a right-hand view

shows a line profile of the mold-side alignment mark

- 104 (Figure 1(a)), wherein an abscissa represents a

position and’an ordinate represénts a light intensity.
From these line pfofiles, it is found that the silicon
substrate and the quartz mold have largely different
reflectances. The marks have a line width of, e.g.,
subnénometers to several micrometers and a depth
(height) of, e.g., several tens of nanometers to
several micrometers. For this reason, the width- and
the dépth of the ma?ks can be less than a wavelength
of light (e.g., 400 - 800 nm), so that edges of the
marks are deformed compared with an original shape
thereof to have such a shape that lower portions of

the edges are trailed. In this embodiment in which
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both of the marks are sufficiently sbaced apart from‘
each other, the marks do not adversely affect each
other.

Other advantages of the case where the marks
for the mold and the substrate are disposed in the
separated areas and information about the marks is
obtained as described above will be described.

\

In the case of effecting the imprint, it is

‘necessary to effect the alignment between the mold and

the substrate while decreasing the gap:between the

A

mold and the substrate. Even in the cése where the

marks are located within the depth of focus, an

. optical magnification changes depending on the height

of the mold or the substrate. The charge is a serious

~problem in the imprint requiring high-accuracy

alignment.

Even in sﬁch a casé, when the mold and the
substrate are sufficienfly spaced apart from each
other, it is possible to facilitate correction of-
magnification depending on the change in magnification.
The magnification correction can Dbe realized by
comparing, e.g., the distance between the marks with
an original designed value. In the case of the
perpendicular observation, the magnification change is
isotropic, so that the correction can be made easily.
In the case of an oblique observation, sizes of the

patterns on a close side and a distance side are
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observed so as to be different from each other, so
that the correction of magnification is complicated.
Figure 2(a) shows a constitﬁtioh in which a
contrast is adjustable depending on a position or
place in an image pickup area of an image pickup
device 3-7 of a CCD (charge coupled device) type or a
MOS (metal-oxide-semiconductor) type.. In front of the

image pickup device 307, a first optical device 308

.different in characteristic depending on the position

is disposed. The optical device is constituted by a

3

color filter, an interference filter,“an ND

(neutral-density) filter, a polarizer, and a

 combination thereof, or the like. Incidentally, as

will be described in Fourth Embodiment appearing

~hereinafter, it is also preferable, from the viewpoint

of an improvement in contrast, that a transmission

wavelength range of a filter provided on a light

'sourcerside or the image pickup device side 1s changed

-

depending on the gap bétween the mold and the
éubstrate. The constitution shown in Figure 2(a)
includes a light source 301, an illumination optical
system 302, a first beam splitter 303, a first
image-forming optical system 304, a second
image-forming optical system 306, a mold 309 provided
with an imprinting pattern and an alignment mark 310,
a substrate 312 such as silicon wafer provided with an

alignment mark 311, and a first object position 313.
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Figure 2 (b) shows another constitute in whiéh
a contrast is adjustable depending on a position or
place in an image pickup area of an image pickup
device 307. In this constitution, a first optical
device different in characteristic depending on the
position is disposed on a light source side. The
optical device is constituted by a color filter, an

interference filter, an ND filter, a polarizer, and a

.combination thereof, or the like.

Figure 3(a) shows a constitution of an optical

3

system in which a light amount control mechanism 901

for adjusting an amount of light in correspondence

_ with each of marks for the mold and the substrate is

used in order to effect contrast adjustment. As a
result, the light amount control can be performed
depending on reflectances or thé like of the mold and
the substrate. Iﬁ this constitution, images of the
mold mark and the substrate mark are separately picked
up, so that it is neceésary to pickup the images two
or more times at a first amount of light and a second
amount of light. An explanation of the constitution
common to the constitution shown in Figures 2(a) and
2(b) will be omitted.

Figure 3 (b) shows a constitution in which a
rotary éhutter 902 for changing an amount of light
from the light source 301 is used. Depending on

reflectances of the mold and the substrate at their
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mark positions, a shutter position of the rotary
shutter 902 is switched. Also in this constitution, it
is necessary to pick up the images two or more times.

The image pickup operation may be effected by changing

" the light amount as described above or changing an

exposure time or gain of the image pickup device 307
depending on characteristics of the mqld and the
substrate.

Figures 4 (a) and 4 (b) show examples of marks
used in a box-in-box type alignment method for
effecting allgnment between the mold ;nd substrate.

In these figures, a mold-side allgnment mark

104 is provided in a first area A (610) and a

substrate-side alignment mark 113 is provided in a

~ second area B (611). In the case of using a single

image pickup device, an image of the first and second
areas is picked uﬁ as showﬁ in, e.g., Figure 1ja).
Then, image data in the first and second areas
are obtained from the image pickup device and, as
desired, are subjected to signal processing for
obtaining profile data of intensity of reflected light.
During the alignment, positions of the mold and the
substrate in their in-plane directions are adjusted so
that the respective alignment marks are located at
predetermined positions (e.g., positions of center of
gravity or center positions) in the respective areas.

Alternatively, it is also possible to effect the
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alignment so that an amount of relative deviation
petween the mold and the substrate obtained from
superposed (overlaid) images which are prepared by
electronically superposing two images is decreased.
The above described alignment method of First
Embodiment is applicable to not only the imprint
apparatus but also a contact exposure apparatus and a

proximity exposure apparatus. Further, in an apparatus

.capable of course adjustment and fine adjustment, the

course adjustment is made by a known alignment method
and then the fine adjustment may be msde by the above
described alignment method. ‘

In the case where two image pickup devices for

picking up images in the first and second areas are

used, information about a difference between the two

image pickup areas is obtained in édvance by using a
standard (referenée) substrate or the like as in
Reference Embodiments described later in order to
perform compensation df the areas to be subjected:-to
image pickup by the respective image pickup devices.
(Second Embodiment: imprint method)

An imprint method of Second Embodiment will be
described. |

In this embodiment, the alignment between the
two plate-like objects is effected by using the image
pickup device(s) similarly as in First Embodiment

described above.
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In this embodiment, imprint (transfer of an'
imprinting pattern) is performed so that an imprint
pattern provided to one object is onto the other
object or. a pattern forming layer provided on the
other object. In an actual operation, the imprinting
pattern of a mold as one object is formed on the
pattern forming layer as a reverse pattern thereof.

First, the mold as a first plate-like object

‘having a first alignment mark and a substrate as a

second plate-like object having'a second alignment
4
mark are disposed opposite to each other.
At a mutually nonoverlapping position in an

image pickup area observed through an image pickup

device, a first area and a second area are provided

~and then the first and second alignment marks are

detected by the image pickup de&ice from a direction
substantially per@endiculaf té in-plane directions of
the two plate-like objects.

Thereafter, first information about a
deviation of the first alignment mark from a
predetermined position in the first area and second
information about a deviation of the second alignment
mark from a predetermined position in the second area
are utilized. More specifically, on the basis of the
two pieces of information, alignment control for

aligning the first and second plate-like objects with

cach other with respect to the in-plane direction is
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effected.
Then, the imprinting pattern of the mold as
the first plate-like object is transferred (imprinted)

onto the substrate as the second plate-like object or

" the pattern forming layer on the substrate.

During the imprint, a pressing force is
required in the case of direct contact between the

substrate and the mold. In the case where a resin

material is interposed between the.substrate and the

mold and used as the pattern formingllayer, the
pressing force may be ‘applied as desiéed.
A) Mold

As the mold used in this embodiment, it is
possible to employ a mold of guartz or a mold of
silicon nitride.

Further, as a material for,a surface layer of
the mold, it is also prefefable that the material is
constituted in the following manner.

More specifically, as the material for the
surface layer, by utilizing a material having a
refractive index larger than 1.7, the alignment
structures provided to the mold and the substrate (or
a work) can be detected based on the difference in
refractive index between the material and the
photocurable resin material to permit the
high-accuracy alignment.

The refractive index of the surface layer in
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the present invention is not less than 1.7, preferabiy
not less than 1.8, more preferably not less than 1.9.
Further, the refractive index may, e.g., be not more
than 3.5 .(upper limit). However, the upper limit of
the refractive ipdex is not restricted so long as the
resultant mold is usable in the present invention.
Further, in the case where a part of the

surface layer has the above-described refractive index,

the surface layer may also be coated with another

layer.
Generally, between substances"having
refractive indices largely different from each other,

it is possible to visually recognize a structure based

on refraction, reflection, or scattering at an

~interface therebetween. Accordingly, a contrast is

more liable to be ensured as thé refractive index of
the surface layer'of the mold is higher.

The upper limit of the refractive index is not
particularly limited as described above. Examples of
refractive index of representative dielectric members

through which ultraviolet light passes may include

1.43 for calcium fluoride (CaFp), 1.45 for quartz
(typically represented by S5i02), 1.78 for alumina

(typically represented Dby Alo03), 2.0 for silicon

nitride (SiN), and approximately 2.4 for titanium

oxide (typically represented by TiOp). Examples of

transmittances of these substances with respect to
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ultraviolet light of, e.g., a wavelength of

approximately 365 nm may include approximately 97 %

o]

for CaFy, approximately 90 % for Si0Op, approximately

80 % for AlpO3, approximately 60 % for Ti0p, and

approximately 90 % for SiN. The upper limit of

refractive index of the surface layer-constituting
material is not more than 3.5, preferably not more
than 3.0. The refractive index itself varies depending
on a measurement wavelength but the above described . .
data about the refractive index are those with respect
to visible light (wavelength: 633 nm)f

An embodiment of a constitutian in which a
material having a high refractive index is used as the

surface layer of the mold as described above is shown

- in Figure 5.

Referring to Figure 5, the mold includes a

layer 5510 formed of guartz (Si02) (thickness: 525 ym)

and a surface layer 5000 formed of the high refractive

index material such as SiN or TiOp. The surface layer

may have a thickness of, e.g., 50 nm for SiN and 60 nm
for TiOp. By using the high refractive index material,
it is possible to obviate such a phenomenon that the
alignment mold for the mold is less visible by the
resin material interposed between the mold and the
substrate.

B) Substrate

The above described substrate is also called a
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work in the imprint apparatus in some cases.
Examples of the’ substrate may include a
semiconductor substrate such as an Si substrate (Si
wafer) or a GaAs substrate; a resinous substrate; a
quartz substrate; a glass substrate. It is also
possible to use a multi-layer substrate prepared in
such a manner that a thin film is.caused to grow on

these substrates or bonded to these substrates. It is

_also possible to .employ a light transmissive substrate

of quartz.
C) Resin material

In order to interpose the resin material
bétween the substrate and the mold, e.g., the resin
material is applied onto the substrate by a dispenser.

The resin material applied onto the substrate
is cured by irradiating the subétrate with,'e.g.,
ultraviolet rays from the mold side. Example of such a
photocurable resin may include those of urethane-type,
epoxy-type, and acrylic-type.

Further, as the resin material, it is also
possible to use a thermosetting resin such as a
phenolic resin, an epoxy resin, a silicone resin, or
polyimide, and a thermoplastic resin such as
polymethyl methacrylate (PMMA) , polycarbonate (PC),
polyethylene terephthalate (PET), or acrylic resin. By
using these resins, the pattérn is transferred through

heat treatment as desired.
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In the case where the member to be processed
(substrate) is constituted without containing the
resin material, the member to be processed is

physically deformed only by a pressing force.

" (Third Embodiment: electronic generation of moire

fringes)

Third Embodiment of the present invention will
be described.

More specifically, an alignment method of
effecting alignmént between two plate-like objects by
using an image pickup device will be &éscribed.

First, a first plate-like objéct having a

first periodic structure with a pitch P7 as an

alignment mark and a second plate-like object having a
seéond periodic structure with a pitch Py as an
alignment mark are disposed oppésite to each other.

Then, similarly as in First Embodiment, a
first area and a second area are provided at mutually
nonoverlapping positions in an image pickup area to be
observed through the image pickup device.

By using the image pickup device, images of
the first and second periodic structures are picked up
in the first and second areas, respectively, from a
direction substantially perpendicular to an in-plane
direction of the first and second plate-like objects.

From image informationlobtained by picking up

the image, basic frequencies corresponding to the
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first and second periodic structures, respectively,
are extracted.
Further, by computing the extracted basic

frequencies, a moire fringe component is extracted.

From the extracted moire fringe component, information

about positionai deviation between the first and
second plate-like objects with respect to the in-plane

direction. By using this information, alignment

between the first and second plate-like objects with

respect to the in-plane directicn is effected.
4
A specific explanation will be made below.
In the following description, the case of

uéing a quartz mold as the first platé—like object and

a wafer substrate such as silicon wafer as the second

‘plate—like object is explained as an example. However,

it should be understood that thé present invention
according to this embodiment does not exclude
plate-like objects other than such plate-like objects.
Figures 4(c) and 4(d) are schematic views each
showing a constitution in which an alignment mark for
the mold or the substrate is constituted by a grating.
Referring to Figure 4(c), in a first area'610, a first
periodic structure 701 (e.g., projections or recesses)
with a pitch Pj is provided as a mold-side alignment
mark to be observed through the image pickup device.
Further, referring to Figure 4(d), in a sécond area

611, a second periodic structure 702 (e.g.,
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projections or recesses) with a pitch Pp is providedﬂ

as a substrate-side alignment mark to be observed
through the image pickup device.

Signal processing for extracting basic
frequencies corrgsponding to the first and second from
image information obtained from the image pickup
device, extracting the above described moire fringe

component, and obtaining information about positional

.deviation from the moire fringe component will be

described below.

A signal processing method wiil be described
with reference to Figures 6(a) and 6(b5 showing flow
charts for illustrating the signal processing method.

Figure 6(a) 1s a flow chart for illustrating
the case where magnification correction is not
effected. |

Referring to Figuré 6(a), images of the first
area A and the second area B which are observed by a
single image pickup deVice are obtained in step S-1.
These two areas may desi:ably be areas in which images
in these areas do not overlap each other but may also
partially overlap each other so long as the two areas
include different portions at which the images are
located. It is desirable that the first area A and the
second area B have the same size (area). This is
because in many cases, the number of sampling fdr TET

(fast Fourier transform) analysis in the first area A
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is equal to that in the second area B.
In the case where the area of the first area A
is different from that of the second aréea B, such a

processing that data at a peripheral portion are

_extended as they are so as to cause the first and

second areas A and B to have the same area may
appropriately be performed.

Next in Step S-2, signal processing A is

_effected in the first area A and signal processing B

is effected in the second area B. Each of the signal
processings A and B is ordinary filtefing using a
low-pass filter, a high-pass filter, a band-pass

filter, an FFT-filter, a smoothing filter, a

differential filter, etc. Further, géin adjustment is

~effected so as to optimize a contrast depending on the

reflectances of the mold and thé substrate and the
like factor. This Step S-2 can alsp be omitted. More
specifically, it is also possible to directly perform
computation in Step S-3 after image information is
obtained from the mutually different areas.
Incidentally, as will be described in Fourth
Embodiment appearing hereinafter, it is alsé
preferable, from the viewpoint of an improvement in
contrast, that a transmission wavelength range of a
filter provided on a light source side or the image
pickup device side is changed depending on the gap

between the mold and the substrate.
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Next, in step .8-3, computation is performed.
The computation may be performed by effecting addition
of images, multiplication of images, calculation of a

difference between images, or calculation of images

" using other functions.

Next, in Step S-4, signal processing C is
performed by using a filter similar to those used in
step S-2.

Finally, .in step S-5, detection of a position
is made.

Incidentaily,'in the case wheée image data
with respect to the respective areas afe obtained by
ﬁsing different image pickup devices, as will be
described in Reference Embodiﬁents appearing
hereinafter, information about a desired alignment
completion condition is obtained in advance by using a
standard substrate as a reference substrate.

Figure 6(b) is a flow chart showing the case
where the step S-2 in the case shown in Figure 6(a) is
divided into step S$S-21 for perfofming magnification
correction and step 3—22 for performing signél
processing A and signal processing B. Particularly, in
the imprint, a height of the mold or the substrate is
changed. 1In correspondence therewith, an optical
magnification is also changed. In such a case, there
is a possibility that high-accuracy alignment cannot

be effected when magnification correction is not made.
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A method of making the magnification correction may/
e.g., be one wherein a distance between adjacent bars
is compared with a designed value thereof and a
coefficient is changed so that the distance coincides
with the designed value. Incidentally, the signal
processings in the step S-2 and the subsequent steps
may be performed by using two-dimensional data or by

converting the two-dimensional data into

.one-dimensional data.

In this embodiment, the case of using the two
(first and second) areas 1is describedlbut it is also
possible to use three or more areas. .

Next, an example of signal processing in the
case where the mold mark shown in Figure 4 (a) and the
substrate mark shown in Figure 4 (b) are used will be
described. |

First, in the step'S—l, images of the area A
and the area B are obtained. In the step S5-2,
magnification correction and filtering.using the
smoothing filter in each of the area A and the area B
are effected to reduce noise. Further, contrasts of

the areas A and B are adjusted. In the step S-3, the

images of the areas A and B after the signal

"processing are added. This state is similar to that in

the case of optical overlaying (superposition). In the
step S-4, further signal processing using the

smoothing filter or the like is effected. In the step
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S-5, the position is detected.

Incidentally, as the method of signal
processing, it is also possible to directly determine
centers of gravity of the marks in the areas A and B
in the step S-2. Further, in the step S-3, a
difference between the centers of gravity is
calculated. In the step S-4, the signal processing is

not particularly effected. In the step S-5, the

.difference is converted into a distance between the .

mold and the substrate. A condition of completion of

the alignment is such that the difference is zero. The

method described above may also be applicable to this

. eﬁbodiment.

Next, an example of signal processing in the
case where the mold mark having a periodic structure
shown -in Figure 4(c) and the substrate mark having a
periodic structure shown in Figure 4(d) are used will
be described.

First, in the step S-1, images of the areas A
and B are obtained. In the step S-2, magnification
correction and conversion of two-dimensional data into
one—dimensional data by effecting averaging processing
are made. Further, by using the FET fiiter, components
of basic frequency of the periodic structures are
obtained. In the step S-3, the resultant values are
multiplied mathematically. This multiplication is

represented by the following equation.
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, 2T Y 4 . i 27
si{——xyxsini—{x+& ———cos x+—{x+ & +cos——x:————x+é'*
(P} {P, = E 7 P{ b} { Pz( |

1 2 1 2 A

' In the above equation, O represents a
positional deviation and the second term of the right
side represents a component of moire fringes. In\the

5 above equation, for the sake of simplicity, only fhe
case where the positional deviation S is added with
respect to the period P2 is shéwn. Accordingly, it is
also possible to add the positional deyiation S with
respect to the period Pl. Incidentally, in the

10 alignment, it is important that information about
relative positional deviation befween the two objects.
Further, .it is also possible to utilize preliminarily
determined known values without extracting the pitches
P1 and P2 from image information when the components

15 of basic frequency of tﬂe periodic structures are
obtained.

In the step S-4, by the FFT, it is poséible to
simply divide the right side into the first term
representing a low-frequency component and the second

20 term representing a high-frequency component. AS a
result, as the component of moire fringes, the

following term can be extracted.

1 1 27
cos{27(————)x——40&
{ (P1 .g) 7, }

In the step S$-5, the following phase component

25 is extracted.
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2,

2

From the phase component, it is possible to
detect & associated with the position. |

In the alignment (positional adjustment), a
condition of completing the alignment is taken as a
time at which the phase component is zero in many
cases.

Incidentally, as the grating-type marks, it is
'possible to use the grating-type marks 703 and 704
shown in Figures 18 (a) and 18(bi withkaifferent
pitches. More specifiéally, these marks are disposed
in parallel to each other and from each of basic
frequencies of the gratings, two sets of moire fringes
with the same pitch are generated. By using the these
moire fringes, it is also possible to effect the
alignment betweenlthe moldland the substrate. In this

case, marks with pitches Pj and Py are disposed on the

substrate so as not to overlap each other, and marks
with pitches Pp and Py are disposed on the mold so as
not to overlap each other. It is preferable that two

sets of moire fringes are génerated by a combination

of the substrate-side grating with pitch P; and the
mold-side grating with pitch Pp and a combination of
the mold-side grating Pq and the substrate-side

grating with pitch Py as shown in Figure 8. The

biggest advantage of such generation of the two sets

of moire fringes is that it is possible to cancel
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relative displacement between an image pickﬁp objecf
and the image pickup device. The generation of the two
sets of moire fringes is also preferablé in such a
respect that the displacement i1s doubled in value.
Incidentally, as is understood from the above

equation, the phase component is proportional to the

 displacement. Accordingly, it is .possible to linearly

measure a positional displacement between the mold and

the substrate. This results in that it is generally

possible to linearly measure a relative position
displacement between two planes. The %resent invention
(according to the above described sixtﬁ,aspect) also
includes measurement with respect to such positions of
two objects (e.g., measurement of an amount of
relative movement in the in-plane direction or
measurement of the respective pésitions themselves) .

Examples‘of applicétion of the position
measurement method, méy include a linear scale for
measuring a position of a stage.

Tncidentally, an ordinary box-in-box type
alignment mark is constituted so as to have a high
sensitivity at zero point. Accordingly, as the‘mark
for use in the position measurement method described
above, the above described grating-type alignment mark
is suitable for the linear measurement. Further, the

two objects employed in the measurement method

generally include a plate-like object. However, the

PCT/JP2007/058898
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two objects are not particularly limited to the
plate-like object so long as it is provided with the
above described alignment mark. For example, the two

objects may be a combination of an object having a

. curved surface and a plate-like object.

Further, in this embodiment, the moire fringes
are generated‘by the combination of two gratings but

may also be generated by numerically multiplying the

.image pickup result of the alignmenﬁ mark 701 with

pitch P71 by a sine wave with pitch Pp., Further, it is
4

also preferable that the image pickup result of the

alignment mark 701 with pitch P7p is multiplied by a

sine wave with pitch Py and a constant component is

extracted with a filter to detect a phase.

Incidentally, an essential difference between
the overlaying (superposition) 6f patterns such as a
grating pattern or the iiké in the signal processing
described in this embodiment and optical overlaying
(superposition) will be described below.

The former (signal proceésing) overlaying is
an ideal state but the latter (optical) overlaying ,is
adversely affected by multiple reflection or the like.
Particularly, in the case where the mold and the
substrate have different reflectances, the optical
overlaying is adversely affected by the multiple
reflection. Accordingly, depending on a detection

algorithm, an error can OCCur in measurement in the
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case where the two marks are actually overlaid
optically. For this reason, as in the present
invention, it is ‘possible obtain ideal signals to

result in a less occurrence of error by using mutually-

_nonoverlapping areas when the areas are observed from

the perpendicular direction.

Tn this embodiment, at the time when

. components of basic frequencies of the first and

second periodic structures is extracted through the .
FFT filter from the image data corresponding to the

first and second periocdic structures, it is possible

to determine an amount & of positional deviation

, between the mold and the substrate. Accordingly, it is

also possible to effect positional adjustment without

~further performing the computation (S-3 shown in

Figures 6(a) and 6(b)).

Further, it is also possible to extract
information about relative positional deviation
between the mold and the substrate without extracting
the components of basic frequency of the periodic
structures from the image information obtained by the
image pickup device, i.e., by inputting the basic
frequencies themselves as preliminarily determined
information. The multiplication in Step S-3 is
performed by using twovsine functions but may also be
performed by utilizing cosine functions or other

functions.

PCT/JP2007/058898
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Hereinbelow, the case where the alignment
method of this embodiment is applied to an imprint
apparatus will be described with reference' to Figures
7 to 11.

Figure 7.is a schematic view for illustrating
the imprint apparatus.

The imprint apparatus includes a light source

7000 (halogen lamp), an image pickup'device 7010 (CCD:

1.3 megapixels; 12 .bit), a lens 7020 (magnification:

10; numerical aperture (NA): 0.28), and an ultraviolet
(UV) 1light source 7030 for during a pﬁotocurable resin
material. The UV light source is inclined with respect
to an optical axis of the lens 7020.

The imprint apparatus further includes a

~housing 7040 for holding a mold, a mold 7060 provided

with an imprint pattern, a wafef substrate 7070 formed
of silicon orx the'like, a vibration isolation table
7080, and a group of stages 7081, 7082, and 7083 which
are operable in a perpéndicular direction, a lateral
direction, and a longitudinal direction, respectively,

in order to effect course adjustment. These stages

‘have alignment accuracies of X1 um or less with

respect to XYZ directions and an accuracy of 1 m
degree or less with respect to © (a rotation angle
about an axis). The imprint apparatus further includes
a fine adjustment stage 7084 utilizing a piezoelectric

element.
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In the imprint apparatus, it is possible to'
effect alignment adjustment with an accuracy of 1 nm
or less in a range of 200 um in each of XYZ directions.
Further, ranges with respect to o (a rotation axis
about x-axis) and B (a rotation axis about y—axis) aie
+1000 prad or less, and a range of © is 800 prad.

The imprint apparatus further includes a
computer 7050 for performing signal processing and
sending control signals.

The mold 7060 is formed of gquartz and provided

4
in advance with a rectangular or cross alignment mark

and a grating with pitch Pjp. The mold has a 50
nm-thick surface layer of SiN. The alignment mark has
grooves having a depth of 166 nm. The substrate 7070
formed of silicon wafer is provided with an alignment
mark and a grating with pitch Pé. The alignment mark
for the substrate has grooVes having a depth of 150 nm.
Figure 8 shows a state in which a mold-side
alignment mark 8000 (enclosed by a solid line) and a
substrate-side alignment mark 8500 (enclosed by dotted
line) observed through an image pickup device overlap
each other. As described above, in Figure 8, the mold
is also provided with the grating with pitch P2o.
Further, the substrate is also provided with the
grating with pitch Pj. The gratings with pitches Pj

and Py provided each of the substrate and the mold are

disposed so as not to optically overlap each other.
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Further, at mutually nonoverlapping positions, a firét
area (region) 8010 and a second area (region) 8510 are
determined. 1In Figure 8, a resist as the photocurable
resin is .interposed between thg,mold and the substrate.

Figure 9(a) shows the first area 8010

extracted from the image data in Figure 8, and Figure

9(b) shows the second area 8050 extracted from the
image data in Figure 8.

With reference to Figure 10, signal processing
will be specifically described. -

First, image data are selecteé and extracted
from the first and second areas (steps‘2910 and 2920

in Figure 10).

On the basis of these image data, basic

frequency components of periodic structures are

extracted as sine waves wiﬁh an'FFT (fast Fourier
transform) filter after magnification correction and
conversion of two-dimensional data into
one-dimensional data are made as desired (steps 2915
and 2925). These sine waves are mathematically
multiplied as described above (step 2930).
Incidentally, in the above described equation, the
positional deviation & is represented by an eguation
attributable to the positions on the substrate side.-
In other words, the equation is used for performing
the signal processing on the p;esumption that the

mold-side positions are located at desired positions.
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The computation may also be performed on the
presumptién that the substrate-side positions are
located at desired positions. It is also possible to
perform the computatioﬂ using both of positional
deviations dl and d2 attributable to the positions on
the mold side and the substrate side, respectively.

By the computation (step 2930), it is possible

to obtain a component of moire fringes represented by

-the following term. (step 2940).

cos{2ﬂ(i—i‘)x——2£§
URTRTTR

From this term, a phase component
(-(211/P9)d) is extracted. ‘

Figure 11 shows profiles of the moire fringe
component, wherein a dotted line 3000 represents fhe
case where there is no out-of-phase component, and a
solid line 3010 represents the case where the ﬁoire
fringe component is actually deviated by the
above-described phase component 3500.

It is possible to effect positional adjusfment
(alignment) by moving the substrate relative to the
mold so as to cancel the phase component deviation.

Incidentally, in the case where the substrate
and the mold are deviated from desired positions by a
degree equal to or more than the period of the moire
fringes, a magnitude of actual phase deviation cannot

be accurately determined in some cases. In these cases,
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it is preferable that course adjustment with the cross

or rectangular mark provided close to the grating is
initially performed and thereafter fine adjustment
with the grating is performed to detect the above
described magnitude of the phase deviation. The fine
adjustment is not necessarily performed by using the
alignment mark shown in Figure 8 but may also be

performed by appropriately employing a known method.

- (Fourth Embodiment)

An imprint method according to this embodiment
relates to an imprint‘method in which&a pattern formed
on a processing surface of the mold isltransferred by
cﬁring a resin material disposed on the surface of the
substrate.

The imprint method is characterized in that
when an alignment mark provided‘to the mold is
observed through fhe image‘pickup device, a wavelength
of light entering the image pickup device 1is
controlled depending on the gap between the mold and
the substrate or a thickness of a member constituting
the alignment mark. More specifically, in the imprint
method, the resin material onto which the pattern is
to be transferred is interposed between the mold and
the substrate. In the case where refractive indices of
the resin material and the mold are close to each
other, a phenomenon which is called index matching

such that the alignment mark including projections and
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recesses formed on the mold disappears is caused to
occur. In an actual observation, it is difficult to
perform the observation of the alignment mark for the
mold.

In order to obviate the index matching by
which the mold mark disappears, it is effective to use
a mark formed of a high-refractive index material.

However, in the imprint method, the gap

~between the mold and the substrate  can be several tens

of nanometers to several hundreds Qf nanometers. 1In
such a case, the contrast of the marklcan be lowered
by an interference effect of light, thﬁs being
fequired to be further improved.

The reason why the use of the high-refractive
index material for the mold for imprint (particularly
at the alignment mark portion) is prefefable will be
described.

Assuming that the mold mark is constituted by
Si0O2 having refractive index of 1.45, a resin
materials having a refractive index of 1.5, and SiN
having a refractive index of 2.0, a reflectance R at
an interface‘between materials having refractive

indices ni and np is represented by the following

equation. -
2
n, +n,

Accordingly, a reflectance R at an interface
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between SiO, and the resin material is:
R =2.9 x 1074,
This value is very small. When the mark is
observed, - the mark is less observable due to the above
5 described index matching.
On the other hand, a reflectance R at an
interface between SiN and the resin material is:
R = 2.0 x 1072.

This value. is larger than that at the

10 interface between Si0O, and the resin material by about

two digits. Here, a reflectance R at an interface
between SiOo and air is: ‘
R = 3.4 x 1072,
As described above, it is found that the
15 reflectance is largely improved by using SiN as the
material for the mold mark. |
Incidentélly, in the imprint method, the gap
between the mold and the substrate and the thickness
of the film of the high-refractive index material-can
‘20 be several tens of nanometers to several hundreds of
nanometers. In such é case, the light interference
effect is remarkably obtained.
Figure 19 is a graph showing a relationship
between a wavelength and a reflected light intensity
55 in the case where the mold mark has a four-layer

structure including layers of SiOp, SiN, a-resin

material (thickness (gap): 100 nm), and Si, and a



WO 2007/123249 | PCT/JP2007/058898

10

15

20

25

55

thickness of SiN layer is variable. DMore specificaliy,
Figure 12'shows a result of simulation with the
four-layer structure including an Si layer having an
infinite thickness, a 100 nm-thick resin material
layer formed on the Si layer, an SiN layer (thickness:
20 nm, 50 nm, 150 nm) formed on the resin material
layer, and an SiOp layer which has an infinite
thickness and is disposed on the SiN layer.

Calculation of values is made by using a model
for Fresnel reflection. As a reference, a three-layer
structure including three layers (sio§ layer/resin
material layer/Si layer) brepared by oﬁitting'the SiN
léyef from the above descried four-layer structure is
employed.

A resultant contrast when the mark is obsgrved
is better with a larger differeﬁce between the
four-layer structure including the SiN layer and the
three-layer (reference) structure lacking the SiN
layer.

For example, at the wavelength of 600 nm, a
reflected light intensity is 0.27 when the SiN layer
has a thickness of 50 nm and is 0.11 when the SiN
layer has a thickness of 150 nm. The reference
structure provides a reflected light intensity of 0.11
at the wavelengths of 400 - 800 nm, so that a contrast
at the wavelength of 600 nm isﬂincreased in the order

of the SiN layér thicknesses of 150 nm,‘20 nm, and 50
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nm. At the wavelength;of 800 nm, a contrast is
increased in the order of 20 nm, 50 nm, and 150 nm
(SiN layer thickness). Further, at the wavelength of
400 nm, a contrast is highest at the SiN layer
thickness of 20 nm.

Figure 20 is a graph showing a relationship
between a wavelength and a reflected light intensity

in the case where the mold mark has a four-layer

‘structure including layers of SiOp, SiN (thickness: 50

nm), a resin material, and Si, and a thickness of the

resin material layer as a gap layer is variable. More
specifically, values of the thickness (gap) are 50 nm,
100 nm, and 200 nm.

When the reflected light intensities at the

~wavelength of 600 nm are compared, the intensity

values are 0.273 for the gap (résin material layer
thickness) of 1001nm, 0.099 for the gap of 50 nm, and
0.033 for the gap of 200 nm. Since the intensity of
the refereﬁce structure is 0.11 at the wavelengths of
400 - 800 nm (Figure 19), a contrast at the wavelength
of 600 nm is increased in the order of the gaps of 50
nm, 200 nm; and 100 nm. A contrast at the wavelength
of 500 nm is increased in the order of the gaps of 200
nm, 50 nm, and 100 nm. Further, a contrast at the
wavelength of 800 nm is increased in the order of the
gaps of 100 nm, 50 nm and 200 nm.

As described above, the reflectance is changed

PCT/JP2007/058898
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depending on the wavelength in the case where the Siﬁ
layer thiékness or the gap (resin material layer
thickness) is several tens of ﬁanometers to several
hundreds .of nanometers (a fraction of the wavelength
of light for dbservation to several times the
wavelength of light for observation). For this reason,
it is desirable that the wavelength of light entering

the image pickup device is controlled depending on the

'SiN layer thickness or the gap.

Incidentally, when spectra of :l1ight entering
the image pickup aevice are in a rangg of 400 - 800 nm,
a contrast is determined by a differeﬁce between an
éverage of the spectra in this range and the
reference{intensity:0.11).

Next, an alignment method will be described.

In the alignment, accurécy of alignment is
improved with an‘increase\in contrast of the mold mark.
An observation wavelength of the mark in the case
where alignment is effected while bringing the mold
and the substrate near to each éther will be described.
The SiN layer has a thickness of 50 nm in this case.
When the gap is 200 nm, the mark is observed at the
wavelength of 400 - 450 nm. When the gap is 100 nm in
a further approximated state, the mark is observed at
the wavelength of 500 - 550 nm. When the gap is 50 nm
in a still further approximated state, the mark is

observed at the wavelength of 400 - 450 nm. Even when
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the gap is another value, the mark is observed at an.
optimum wavelength.

A method of selecting the waveléngth may be a
method using a color filter or a‘method using a

 plurality of laser beams. The color filter may be
disposed on the illumination optical system side or
the image pickup device side.

In a preferred embodiment of the present
.invention, the above described constitutions of this
embodiment are incorporéted intd those.described in‘
First to Third Embédiments. )

For example, in the above desc&ibed First to

. Third Embodiments, in the case where optical
information is inputted into the image pickup device
~through a wavelength filter, it is possible to always

obtain information about an imaée having a high
contrast by changingla transmission wavelength range
of the wavelength filter depending on the gap. Further,
in an imprint apparatus for transferring a pattern
formed on a processing surface of a mold by curing a
resin material in a substrate surface, it is
preferable that the apparatus includes an image pickup
device for observing the mold and a means for
controlling a wavelength of light entering the image
pickup device depending on a gap between the mold and
the substrate. The means for controlling the

wavelength is constituted by the color filter or a
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plurality of light sources (capable of outputting
light fluxes at a plurality of wavelengths).
(Other Embodiments)

In the present invention, it is possible to
employ the following constitutions.

More specifically, it is possible to employ a
constitution in which an optical system for observing

a first object position at a processing surface of the

‘mold and a second object position at a portion closer,

than the processing surface, to a member to be

)

processed is used and alignment between the mold and

the member to be processed is effected by using a

. means for recognizing a relative relationship of (or a

difference in) observation position between a first
image pickup device for observing the first object
position and a second image pickup device fér
observing the third object‘position. In this case, it
is possible to employ a constitution in which the
reference substrate ié used as the means for
recognizing the difference in observation position.
Further, it is possible to employ a constitution in
which the alignment between the mold and the member to
be processed is effected by comparing data obtained in
advance by the first and second image pickup devices

with data (currently) obtained by the first and second

_image pickup devices. Further, it is also possible to

employ a constitution in which the alignment between

PCT/JP2007/058898
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the mold and the member to be processed is effected by
making coﬁparison in each of several areas in image
pickup areas of the first and second image pickup
devices. .

Further, in order to realize a processing
method by the above described pattein transfer, it is
possible to employ the following constitutions.

In the processing method, an optical system

.for observing a first object position.at a processing

surface of the mold and a second object position at a

A

portion closer to the member to be pr&cessed with

respect to the processing'surface of the mold is used.

, The processing method can be constituted so that

alignment between the mold and the member to be
processed is éffected by using a means for recognizing
a relative relationship of (or é‘difference in)
observation position between a first image pickup
device for observing the first object position and a
second image pickup deﬁice for observing the second
object position. In this case, it is possible to
employ a constitution in which the reference substrate
is used as the means for recognizing the difference in
observation position. Further, it is possible to
employ a constitution in which the processing method
includes a step of recognizing the difference in
observation position by the reference substrate and a

step of effecting the alignment between the member to

PCT/JP2007/058898
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be processed and the mold at the second object‘
position.' Furthetr, it is possible to employ a
constitution in which the alignment between the mold
and the member to be processed is effected by

' comparing data obtained in advance by the first and
second image pickup devices with data- (currently)
obtained by the first and second image pickup devices.
Further, it is possible to employ a constitution in
‘which the processing method includes a step of
selecting a plurallty of areas from an.image obtalned
by the first image pickup device, a step of effecting
first signal processing in each of the plurality of

, aieas, and a step of effecting second signal
processing on the basis of a result of the first
‘signal processing. Further, it is possible to employ a
constitution in which the data ébtained by fhe first
and second image ﬁickup devices by using grating
having different pitches as marks for the alignment
described above are overlaid or superposed and
subjected to signal processing to generate moire
fringes and the generated moiré fringes are utilized.

In the above described embodiments of the

present invention, a relative positional relationship
between the respective image pickup ranges at two
(first and second) object positions is measured or
determined with the reference substrate by using the

optical system for observing coaxially the two object
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positions of the mold and the substrate. By utilizing
a result of measurement, it is possible to effect the
alignment between the mold and the substrate. As a

result, the alignment can be effected in a separation

~state between the mold and the substrate, so that it

is possible to effect the alignment between the mold
and the substrate without image to the mold and the

substrate. Further, by disposing the marks for the

.mold and the substrate in different areas as seen in a

normal direction, interference between. the marks for

B
the mold and the substrate does not occur. As a result,
the signal processing becomes easy.

Further, the pattern transfer apparatus

according to the present invention can also be

constituted as described below. Herein, the apparatus

means a pattern transfer apparafus for transferring
the imprinting paftern formed bn the mold onto the
substrate or the resin material interposed between the
substrate. and the mold. The pattern transfer apparatus
includes a first image pickup portion for obtaining an
image at a first depth of focus and a second image
pickup portion for obtaining an image at a second
depth of focus. A first alignment mark provided to the
mold and a second alignment mold provided to the
substrate are disposed within the first depth of focus
and observed through the first‘image pickup portion to

obtain a first image. Further, a third mark provided
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to the mold or the substrate is disposed within the '
second depth of focus and observed through the second
image pickup portion to obtain a second image. The
pattern transfer apparatus is constituted so as to
.obtain information about a difference in observation
range between the first‘and second image pickup
portions by using the first and second images. The
third alignment mark may be identical to or different
from the first alignment mark or the second alignment
mark.
Further, it is also possible éo effect the
alignment between the mark and the subétrate {(onto
, which the imprinting pattern is to be transferred) in
an in-plane direction in a state in which the
~alignment mark for the mold is disposed within the
first depth of focus and the alignment mark‘for the
substrate is dispbsed within the second depth of focus.
It is further possible to effect the alignment between
the mold and the substrate in the in-plane direction
in a state in which the alignment mark for the mold is
disposed within the second'depth of focus and the
alignment mark for the substrate is disposed within
the first depth of focus.
(Reference Embodiments)
| Hereinbelow, several reference embodiments
applicable to the present invention will be described

with reference to the drawings.
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(Reference Embodiment 1)

In Reference Embodiment 1, an alignment method
of the mold and the substrate in the preésent invention
will be described.

Figures l2(a) to 12(d) are schematic views for
illustrating the alignment method, in this reference
embodiment, of the mold and the subst;ate in which the
reference substrate is used.

Refe;ring to Figures 12 (a) tec 12(d), a
reference numeral 101 represents a first object

position, a reference numeral 102 represents a second

object position, a reference numeral 103 represents a

) mbld, and a reference numeral 104 represents a mold

mark. Further, a reference numeral 110 represents a
reference substrate, a reference numeral 111
represents a reference substraté mark, a reference
numeral 112 repreéents a sﬁbstrate, and a reference
numeral 113 represents a substrate mark.

In the alignment method of this reference
embodiment, an optical system for observing the first
object position 101 at a processing surface of the
mold 103 and the second object position 102 located in
the substrate 112 side with respect to the processing
surface is used. By the optical system, the mold mark
104 and the substrate mark 113 are observable at the
same time.

The first object position and the second
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object position are spaced, e.g., several nanometers
or more apart, so that the mold and the substrate are
in a noncontact positional relationship even when the

substrate is moved at high speed in an in-plane

. direction parallel to the processing surface.

In each of Figures 12(a) to 12(d), a central
view shows a first observation range 106 at the first

object position 101. Further, a right-hand view shows

.a second observation range 107 at the third object

position 102. The first observation range 106 includes
a first image pickup range 108 as a portion for image
pickup, and the second observation range 107 includes

a second image pickup range 109 as a portion for image

pickup. Further, a left-hand view shows a cross

'section, of the mold 103 and the reference substrate

110 or the substrate 112, taken‘along a vertical
bisecting line, such as A-A' line indicated in the
central view of Figure 12 (a).

Generally, it is not easy to dispose coaxially
the image pickup device for observing these two (first
and second) object positions with an accuracy on the
order of nanometers, so that a difference in center
position between the first observation range and the
second observation range is caused to occur. Further,
a difference in center position between each
observation range and an associated image pickup range

is also caused to occur. In addition, there is a

PCT/JP2007/058898
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difference in center position between the first
observation range and the mold mark. Objects to be

finally aligned with each other are the mold and the

substrate, so that the center of the substrate mark is:

_aligned with the center of the mold mark in this

reference embodiment. For simplicity of explanation,
it is assumed that the first observation range and the

first image pickup range coincide with each other and

the second observation range and the second image

pickup range coincide with each other.. Even when this
. ) ,

assumption is made, generality of explanation is not

lost. Further, for simplicity of explanation, it is

assumed that the center positions of the first

observation range and the second observation range are

deviated only in y-direction. A direction from the

second object position toward tﬁe first object
position is taken as a positive direction of
z-direction.

The alignment method of this reference
embodiment will be briefly described. In the alignment
method, the reference substrate 110 is used for the
alignment between the mold and the substrate.

A procedure of the alignment method is as
follows.

(1) The mold and the reference substrate are
aligned at the first object position by using an

in-plane moving mechanism (Figure 12 (a)) .

PCT/JP2007/058898
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(2) The referencé-substrate is moved in a
negative direction of s-direction and an image thereof
is constituted and obtainéd at the second object
position (Figure 12(b)}).

(3) At the second object position, the observed
image and the substrate are aligned by using the
in-plane moving mechanism (Figure.l1l2(c)).

(4) Only by moving the substrate in the positive
direction of z-direction, the subs£rate is aligned
with the mold at the first object position (Figure
12(d)) - ”‘

In such a step-and repeat method that a

. predetermined pattern is repetitively transferred at

many points on the same éubstrate, alignment may be

' effected only at a first point on the substrate.

Thereafter, it 1s possible to effect repetifive
transfer with an éccuracy of the in-plane moving
mechanism (on the order of subnanometers) .

Next, a detailed description will be made.

Tn order to align the substrate mark wifh a
desired position at the first object position, it is
necessary to determine a position, at which the
substrate mark should be disposed at the second object
position, corresponding to the desired position at the
first object position. This oéeration is, e€.g.,
performed only during replacement of the mold. Figure

12 (a) shows a state in which the reference substrate
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mark 111 is caused to correspond to the mold mark at
the first object position 101. This state is realized
in the following manner. On the assumption that the

mold mark 104 is located at the center of the first

_image pickup range, the substrate is disposed at a

substrate holding portion and the center of the
reference substrate mark 111 can be caused to

correspond'to (the center of) the mold mark 104 by

-using the in-plane moving mechanism. The alignment

(positional adjustment) at this time can be effected
with an accuracy on the order of nanoﬁeters by using

the in-plane moving mechanism. During the alignment,

, the image at the second object position 102 is not

particularly requiredlto be used.

Next, as shown in Figure 12 (b), the reference
substrate is moved in the negative directioﬁ of
z-direction by using a substrate hoisting and lowering
@echanism so that the reference substrate mark 111
reaches the second object position 102. During this
movement, the reference substrate is not deviated in
xy-directions. In the resultant state, the reference
substrate mark 111 is observed at the second object
position 102 and an image in this state is picked up

and stored. At this time, the image at the first

object position 101 is not particularly required to be

used.

Next, with reference to Figures 12 (c) and
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12(d), the method of the alignment between the mold '
and the sﬁbstrate will be described. This operation is
performed every disposition (or placement) of a fresh
substrate.

As shown in Figure 12 (c), the substrate
holding portion holding the substrate 112 is disposed
at a designated position (referred to as "Fl1-1")

opposite to the mold 103 by the in-plane moving

‘mechanism. At this time, the substrate mark 113 is

observed at the second object position:102. Then,
: )

alignment is effected so that the center of the

substrate mark 113 is aligned with the center of the

 reference substrate mark 111 observed at the second.

object position 102 shown in Figure 12(b) by using the

~in-plane moving mechanism. This alignment can be

effected at high speed since the mold and the

substrate are plaéed in a éeparation state. A

‘difference (referred to as "E1-1") between the

designated position (Fi—l) of the substrate holding
portion at this time and a designated position of the
substrate holding portion after completion of the
alignment (referred to as "s1-1") is stored. In this
case, it is not particularly necessary to use the
image at the first object position 101.

Next, as shown in Figure 12(d), the substrate
112 is raised in the positive direction of z-direction,

so that the substrate 112 is disposed at the first
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object position 101. At this time, the mold and the
substrate is basically placed in a completion state of
alignment. Thereafter, imprint is effected by setting

a designated position on the presumption that there is

"~ the difference (deviation) (E1-1) with respect to

subsequent transfer onto the same substrate. In this
case, it is not particularly necessary to use the
image at the second object position 102Z.

In the case where the mold and the substrate
are deviated from each othHer and located outside a
tolerable range, if is also possible éo effect further
alignment between the mold and the subétfate. This

operation may be required, e.g., in the case where the

positions of the mold and the substrate are deviated

from each other due to a stress, exerted thereon,

caused by the contact between tﬁe mold and the
substrate via the resin material. In the case where
the positional deviation between the mold and the
substrate occurs, when'an amount of the deviation-
between the mold and the substrate is identical
irrespective of the position of the substrate, the
following processing is performed. More specifically,
a difference (referred to as "E1-2") between the
designated position (F1-1) of the substrate holding
portion at that time and a position of the substrate
holding portion at the time of completion of the

alignment (referred to as "S1-2") is stored. In this
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case, the alignment has already‘been effected at the
second object position as shown in Figure 1l(c), so

that a value of the difference (E1-2) 1is not large.

Thereafter, imprint is effected by setting a

designated posifion on the presumption that there is
the difference (deviation) (E1-2) with respect to.
subsequent transfer onto the same. substrate.

The above described alignment is effected on

the entire surface. of the substrate on the basis of.

information about the positional deviation between the
mold and the substrate at a certain péint of the
substrate. However, it is also possibie to effect the
élignment between the mold and the substrate on the
basis of information about positional deviation, at
the entire surface of the substrate, obtained in
advance of the alignment.

Next, a constitution of the reference
substrate used in this reference embodiment will be
described with reference to Figures 13(a) to 13(c)
showing the constitution of the reference substrate.

As the reference substrate, it is also
possible to use the substrate itself onto which the
imprinting pattern is to be transferred. However, in
this case, there is apprehension that distortion of
the substrate during the process and a difference
among individual substrates can occur. For this reason,

it is desirable that a stable reference substrate is
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used.

A referenée substrate 201 shown in Figure
13(a) has a square shape and is constituted so that an
area 202 having a size equal to a pattern area of the .
mold is disposed‘on the reference substrate 201 and
four reference substrate marks 203 are disposed at
four corners of the area 202.

A reference substrate 204 shown in Figure

.13(b) has a circular shape and is constitute so as to

have a size equal to that of the substrate onte which

the imprinting pattern is to be transferred. On the

hreference substrate 204, there are a pattern are 205

in which reference substrate marks are provided and a
pattern area 206 in which no reference substrate mark
is provided. 1In this constitution, correction of the
positional deviation can be madé at several positions
at which the reference substrate mark is provided.

A reference substrate 207 shown in Figure
13(c) is constituted by the substrate itself onto
which the imprinting pattern is to be transferred. 1In
this case, the correction may be made at all of
positions in patterﬁ areas or at the several positions
shown in Figure 13 (b).

Next, an optical system for measurement used
in this reference embodiment will be described with
reference to Figure 14 showing‘a constitute of the

optical system.
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In the optical system in this reference
embodiment, light emitted from a light source 301
passes through an illumination optical system 302, a
first beam splitter 303, a first imaging optical
system 304 to reach a mold 309 and a substrate 312.
Light reflected by the mold 300 and the substrate 312
passes through the first‘imaging optical system 304,
the first beam splitter 303, a second imaging optical

.system 306, and a second beam splitter 305 to form an
image on a first image pickup devicé 307 and a second
image pickup device 308. In this reférence embodiment,
a mold mark 310 is formed as an,image.on the first
image pickup device 307 and a second mark 311 is
formed as an image on the second image pickup device
308. An image of the first object position 313 is
formed on the first image pickué device 307 and an
image of. the second object‘position 314 is formed on
the/second image pickup device 308.

Next, a processing apparatus, used in this
reference embodiment, constituting a pattern transfer
apparatus for transferring an imprinting pattern
formed on a mold onto a substrate or a resinlmaterial
interposéd between the substrate and the mold will be
described with reference to Figure 15 showing an
example of a constitution of the processing apparatus
in Reference Embodiment 1.

Referring to Figure 15, the processing
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apparatus includes an exposure light source 401, a
body tube 402, a mold holding portion 403, a substrate
holding portion 404, a substrate hoisting and lowering

mechanism (z-direction) 405, an in-plane moving

_mechanism (xy-directions) 406, the optical system for

measurement shown in Figure 14, image pickup devices
408, and an analyzing mechanism 409.

The mold holding portion 403 effects chucking

_of a mold 411 according to a vacuum chucking method.or

the like. A substrate 412 is movable to a desired
position by the in-plane moving mechaéism 406. Further,
by the substrate hoisting and lowering‘mechanism 405,
édjustment of a height of the substrate 412 and
application of pressure can be effected. The in-plane
moving mechanism 406 and the substrate hoisting and
lowering mechanism 405 are Subjécted to measurement of
distance by an interferometer or the like with a
control accuracy on the order of subnanometers.
Control of positional movement of the substrate,
pressure application, exposure and the like is made by
an imprint control mechanism 410.

(Reference Embodiment 2)

In Reference Embodiment 2, a method of
alignment between the mold and the substrate different
from the alignment method of Reference Embodiment 1
will be described.

In this reference embodiment, explanation of
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the alignment method common to Figures 12(a) to 12(&)
is omitted and only a different constitution thereof
will be described.

Figures 16 (a) toyl6(c) include schematic views
for illustrating a mold of alignment between a mold.
502 and a substrate 513.

In this reference embodiment, at both surfaces

of a reference substrate 505, a first reference

. substrate mark 506  and a second reference substrate.’

mark 504 are disposed, respectively. Further, an
optical thickness of the refereﬂce sugstrate 505 is
made equal to a distance between a fifst object
position 501 and a second object position 503. Based
on these features, it is possible to determine a
position, to which a substrate mark should be moved at
a second object position in ordér to align the
substrate mark with a desired position of a mold mark
at a first object position, at one time as described
below.

Figure 16(a) includes schematic views showing
the case where the first reference substrate mark 506
of the reference substrate 505 is located at a first
object position 501. Further, the second reference
substrate mark 504 is located at a second object
position 503. Thé first reference subsfrate mark 506
is disposed in a first image pickup area 510 provided

in a first observation area 509. Further, the second



WO 2007/123249

10

15

20

25

© 76

reference substrate mark 504 is disposed in a second
pickup area 512 provided in a second observation area
511. A reference numeral 508 represents a difference
between center positions in the first and second image-
pickup ranges 51Q and 512.

First, the reference substrate 505 is disposed
on a substrate holding portion (not shown) and on tﬁe

basis of a mold mark 507, alignment (positional

.adjustment) of the first reference. substrate mark 506

is effected at the first object position 501 by an
in-plane moving mechanism. More speci%ically, e.g.,
the alignment is effected so that the éenter of the
first reference substrate mark 507 and the center of
the mold mark 506 coincide with each other. At this
time, at the second object position 503, the second
reference substrate mark 504 is.located and an image
thereof is stored.

Thereafter, the reference substrate 505 is
removed from the substrate holding portion.

Next, a method of alignment of the substrate
will be described. This method is basically identical
to that in Reference Embodiment 1.

More specifically, as shown in Figure 16 (b),
the substrate holding portion holding the substrate is
disposed at a designated position (referred to as
"p2-1") opposite to the mold by the in-plane moving

mechanism. At this time, a first substrate mark 514
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and a second substrate mark 515 are observed at the‘
second object position. Then, alignment is effected so
that the center of the first substrate mark 514 is

aligned with the center of the reference substrate

~mark 504 observed at the second object position 503

shown in Figure 16(a) by using the in-plane moving

mechanism. A difference (referred to as "E2-1")

'between the designated position. (F2-1) of the

_substrate holding portion at this time and a

designated position of the substrate holding portion
after completion of the alignment (referred to as
"32-1") is stored. |

Figure 16(c) shows a state in which the
substrate holding portion holding the substrate is
raised, so that the first and second substrate marks
514 and 515 are disposed at the first object position
501. In this state, alignment between the mold and the
substrate is ordinarily completed. Thereafter, imprint
is effected by setting a deeignated'position on the
presumption that there is the difference (deviation)
(E2-1) with respect to subsequent transfer onto the
same substrate.

In the case where the mold and the substrate
are deviated from each other and located outside a
tolerable range, similarly as in Reference Embodiment
1, the second substrate mark 515 is positionally

aligned on the basis of the mold mark 507 at the first
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object position 501 shown in Figure 16(c) by using the
in-plane moving mechanism. Ih this case, the alignment
at the second object position 503 shown-in Figure

16 (b) has already been effected, so that a degree of
the positional deviation is not largé. A difference
(referred to as ;E2—2") between the designated
position (F2-1) of the substrate holding portion and a

position of the substrate holding portion at the time

_of completion of the alignment (referred to as "S82-2")

is stored. Thereafter, imprint is effected by setting
a designated position-on the presumptfon that there is
the difference (deviation) (E2-2) with.respect to
subsequent transfer onto the same substrate.
(Reference Embodiment 3)

Tn Reference Embodiment 3, a method of
alignment between the mold and the substrate different
in image processing method from the alignment method
of Reference Embodiment 1 will be described.

In this reference embodiment, explanation of
the alignment method common to Figures 12(a) to 12 (d)
is omitted and only a different constitution thereof
will be described.

Figures 17(a) to 17 (c) include schematic views
for illustrating an image processing method in this
reference embodiment.

First, the case where a reference substrate

613 is observed at a first object position 601 will be
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described. Figure 17(a) shows a state in which a
reference substrate mark 614 of the reference
substrate 613 is located at the first object position
601. In this reference embodiment, in a first image .
pickup area 608 in a first image pickup range 605, a
first area A 610 is designated as an area including a
mold mark 604 of a mold 602 on the basis of the mold

mark 604. Thereafter, a first area B 611 and a first

_area C 613 are designated with a certain distance

(interval) between adjacent areas. The reference
substrate mark 614 is positionally adﬁusted with
respect to the first area C 613 by beihg moved by an
in—plane moving mechanism. At this time, é.g., the
first area C is disposed at a desired position by.
effecting signal processing such that the first aréea A
610 and the first area C 612 aré selected or extracted
from an image, subjected to contrast adjustment for
ecach extracted image, and the two extracted images are
superposed. After the alignment between the reference
substrate mark 604 and the first‘area C 612 is
completed, the reference substrate 613 is lowered by a
substrate hoisting and lowering mechanism to a second
object position 603 at which the reference substrate
mark 604 is observed. A reference numeral 606
represents a difference petween center positions in
first and second image pickup ranges 608 and 609.

Figure 17(b) shows a state in which the reference
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substrate mark 604 of the reference substrate 613 is
located at the second object position 603. 1In this
state, in a second image pickup area 609 in a second

image pickup range 607, a second area C 617 is

~ designated on the basis of the reference substrate

mark 604 so as to include the reference substrate mark
604. Thereafter, a second area B 616 and a second area

A 615 are designated with a certain distance

. (interval) between adjacent areas.. Thereafter, the .

reference substrate 505 is removed from the substrate
holding portion. *

Next, a method of alignment of the substrate
will be described. Figqretl7(c) includes views for
illustrating the case where a substrate 618 is
observed at the second object‘position 003.

More specifically, as shown in Figure 17 (c),
the substrate holding portion holding the substrate is
disposed at akdesignated position (referred to as
"F3-1") opposite to the mold by the in-plane moving
mechanism. At this time, a substrate mark 619 is
observed at the second object position. In this stéte,
the second area B 616 is selected or extracted from an
image and superposed on an image of the second area C
617 obtained in the operation described with reference
to Figure 17(b) to effect positional adjustmenf. This
positional adjustment can be performed at high speed

since the contact between the mold and the substrate
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is not generated at this time. Incidentally, the
respective images are subjected to signal processing
such as contrast adjustment or the like in advance.
Next, the case where the substrate 618 is
observed at the first object position 601 will be
described.
Figure 17(d) shows a state in which the

substrate 618 is raised in the positive direction of

.z-direction by the hoisting and lowering mechanism to

dispose the substrate mark 619 at the first object
position 601. In this state, the ali&hment between the
mold 602 and the substrate 618 is ordinarily completed,
so that a resultant positional deviation is expected
to be a level within a tolerable range. A difference
(referred to as "E3-1") between the designated
position (F3-1) of the substraté holding portion at
this time and a designated position of the substrate
holding portion after completion of the alignment
(referred to as "S3-1") is stored. Thereafter, imprint
is effected by setting a designated position on the
presumption that there is the difference (deviation)
(E3-1) with respect to subsequent transfer onto the
same substrate.

In the’case where the mold and the substrate
are deviafed from each other and located outside a
tolerable range, similarly as in Reference Embodiment

1, the alignment between the mold 602 and the
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substrate 618 is finally effected at the first objecf
position 601. In this case, the alignment at the
second object position 603 shown in Figure 17 (c) has
already been effected, so that a degree of the
positional deviation is not large. A difference
(referred to as "E3-2") between the designated
position (F3-1) of the substrate holding portion and a

position of the substrate holding portion at the time

.of completion of the alignment (referred to as "S3-2")

is stored. Thereafter, imprint is effected by setting
a designated position-on the presumption that there is
the difference (deviétion) (E3-2) with‘respect to
Subsequent transfer onto the same substrate.

As described above, an effect of using
different areas in the image pickup area of the image
pickup device is‘that reflectances of the mold and the
sﬁbstrate are different from each other and thus the
images of the mold and the substrate can be
independently subjected to signal processing to
facilitate an increase in accuraéy of alignment.

Further, it 1s not necessary to consider an influence

‘of mutual interference since the mold and the

substrate are not vertically overlaid on each other,
so that a degree of freedom of the mark can be
increased.

Next, a method of effecting high-accuracy

alignment by generating moire fringes in the mark
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through image processing will be described. .

Figures 18(a) to 18(f) are schematic views for
illuétrating alignment marks used when alignment is
effected by image-processing moire fringes in
Reference Embodiment 3.

Figure 18(a) shows a first mark including a

bar pattern 701 with a pitch P71 and a bar pattern 702

with a pitch Pp. Figure 18(b) shows a second mark

.including the bar pattern 701 with the pitch Pq1 and a

bar pattern with the pitch Pp, wherein the bar

patterné 701 and 702 have anAarrangemént opposite to
that of the bar patterns 701 and 702 in the first mark
shown in Figure 18 (a). By mutually overlaying the
first mark and the second mark, a composite image.706
as shown in Figure 18(c) is formed. In this composite
image 706, left-hand and right—hand moire fringes are
in phase with each other. Figure 18(c) shows a state
in which alignment between the mark and the substrate
is gompleted.

Incidentally, in a state in which the
alignment between the mark and the substrate is not
completed, the left-hand and right-hand moire images
are out of phase with each other. The moire fringes

have a period equal to a pitch Py represented by the

following equation.
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__Bp,
“"|p-p|

As described above, a positional deviation
between the mold and the substrate is enlarged without
using optical magnification.

Then, the moire fringes are arranged to

constitute a first mark 709 for XYO measurement as

shown in Figure 18 (d), wherein the first mark 709

includes a first area 710, a second area 711, a third
area 712, a fourth area 713, a pattern 707 with a
pitch P3, and a pattern 708 with a pitch Py4. Further,
the moire fringes are arranged tb constitute a second
mark 714 for XYO measurement as shown in Figure 18(e),
wherein the second mark 714 includes the first to
fourth areas 710 - 713 and the patterns 707 and 708
which are arranged opposite to those in Figure 18(d).
With respect to the first mark 709 shown in Figure
18(d) and the second mark 714 shown in Figure 18(@),
alignment for y-direction and O can be effected in the
first and third areas 710 and 712 and alignment for
x-direction and © can be effected in the second and
fourth areas 711 and 713. Figure 18(f) shows a
composite image 716 for XYO measurement including
moire fringes 715 for XYO measurement at the time
after the alignment is completed.

The above described apparatuses and methods

PCT/JP2007/058898
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according fo the present invention can be utilized in
manufacturingltechnologies and the like of
semiconductors, optical devices such as  photonic
crystal and the like, and biochips such as U-TAS and

the like.

[INDUSTRIAL APPLICABILITY]

As described hereinabove, according to the

_present invention, it is possible to provide an

alignment method, an imprint method, an alignment
apparatus, an imprint apparatus, and é position
measurement method, which have solved the above
described problems in the conventional alignment
method.

While the invention has been described with
reference to the structures disclosed herein, it is

not confined to the details set forth and this

application is intended to cover such modifications or

changes as may come within the purpose of the

improvements-or the scope of the following claims.
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1. An alignment method for effecting alignment

between two plate-like objects by using a light source
5 and an image pickup device, said alignment method
comprising:
disposing a first plate-like object provided
with a first alignmént mark and a secénd plate-like
_object provide with a second alignment mark opposite
10 to each other;
providing a first area and a Second area at
mutually nonoverlapping positions in an image pickup
area for being observed through the image pickup
device;

15 picking up iﬁages of the first and second
alignment marks by the image piékup device from a
direction substantially perpendicular to an in-plane
direction of the first and second plate-like objects;

effecting alignment control for aligning

‘20 positions of the first and second plate-like objects
in the in-plane direction with each other by using
first information about a deviation of the first
alignment mark from a predetermined position in the
first area and second information about a deviation of

25 the second alignment mark from a predetermined
position in the second area; and

adjusting a gap between the first and second
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plate-like objects so that the gap is 3 Uum or less by
decreasing the gap while effecting the alignment

control.

2. A method according to Claim 1, wherein each of
the images of the first and second alignment marks
picked up by the image pickup device is adjusted in

contrast.

3. A method according to Claim 1, wherein the

first and second areas have an identical planar area.

4. A method according to Claim 1, wherein
magnification correction of images observed in the
first and second areas is made depending on a change
in magnification resulting from‘heights of the first

and second plate-like objects.

5. A method according to Claim 1, wherein an
image of the first area is picked up at a first amount
of light from the light source and an image of the
second area is picked up at a second amount of light,
different from the first amount of light, from the

light source.

6. An alignment apparatus for effecting an

alignment method according to Claim 1, comprising:

PCT/JP2007/058898
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first movable means for moving at least one of
the first and second plate-like objects in the
in-plane direction; and

second movable means for moving at least one
of the first and second plate-like objects in a

direction perpendicular to the in-plane direction.

7. An imprint method for effecting alignment
‘between two plate-like objects by using a light source
and an image pickup device to imprint an imprint
pattern provided to one of the two pléte—like objects
on the other plate-like object or a paftern forming'
layer formed on the other plate-like object, said
imprint method comprising:

disposing a mold as a first plate-like object
provided with a first alignment'mark and a substrate
as a second plate-like object provide with a second
alignment mark opposite to each other;

providing a first area and a second area .at
mutually nonoverlapping positions in an image pickup
area for being observed through the image pickup
aevice;

detecting the first and second alignment marks -
by the image pickup device from a direction
substantially perpendicular to an in-plane direction
of the first and second plate-like objects;

effecting alignment control for aligning
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positions of the first and second plate-like objecté
in the in-plane direction with each other by using
first information about a deviation of the first

alignment mark from a predetermined position in the

- first area and second information about a deviation of

the second alignment mark from a predetermined
position in the second area; and |

imprinting an imprint pattern provided to the

‘mold as the first plate-like object on the substrate

as the second plate-like object -or a pattern forming

layer formed on the substrate.

8. An imprint apparatus for effecting an
alignment method according to Claim 7, comprising:
first movable means for moving at least one of
the first and second plate—like.objects in the
in-plane direction; and
second movable means for moving at least one
of the first and second plate-like objects in a

direction perpendicular to the in-plane direction.

9. An alignment method for effecting alignment
betweeh two plate-like objects by using an image
pickup device, said alignment method comprising:

disposing a first plate-like object provided
with a first periodic structure with a pitch Pl as an

alignment mark and a second plate-like object provide
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with a second periodic structure with a pitch P2 as an
alignment mark opposite to each other;
providing a first area and a second area at

mutually nonoverlapping positions in an image pickup

' area for being observed through the image pickup

device;
picking up images of the first and second

periodic structures in the first and second areas,

. respectively, by,thé image pickup device from a

direction substantially perpendicular to an in-plane
direction of the first and second plaée—like objects;
effecting alignment between tﬁe first and
second plate-like objects in the in-plane direction by
ext;acting basic freguencies corresponding to the
first and second periodic structures, respectively,
from information about the pickéd up images,
pérforming computation with the basic frequencies to

extract a moire fringe component, and using

~ information about a positional deviation of the first

and second plate-like objects in the in-plane

direction obtained from the moire fringe component .

10. A position measurement method for measuring
positions of two objects by using an image pickup
device, said position measurement method comprising:

disposing a first object provided with a first

periodic structure with a pitch Pl as an alignment

PCT/JP2007/058898
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mark and a second object provide with a second
periodic structure with a pitch P2 as an alignment
mark opposite to each other;

providing a first area and a second area at
mutually nonoverlapping positions in an image pickup
area for being oBserved through the image pickup
device;

picking up images of the first and second

" periodic structures in the first and second areas,

respectively, by the image pickup device from a
direction substantially perpendicular'%o an in-plane
direction of the first and second objects;

effecting position measurement of the fifst
and second objects in the in-plane direction by
extracting basic frequencies corresponding to the
first and second periddic strucﬁures, respecfively,
from information about the picked up images, and
performing computation with the basic frequencies to
extract a moire fringe component.

11. An imérint method comprising:

transferring a patfern formed on a processing
surface of a mold onto a resin material provided on a
surface of a substrate by curing the resin material,

wherein when an alignment mark provided to a
mold is observed through an image pickup device, a

wavelength of light entering the image pickup device

PCT/JP2007/058898
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depending on a gap between the mold and the substrate
or a thickness of a member constituting the alignment

mark.

12. An alignment method for effecting alignment
between two members by using an image pickup device,
said alignment method comprising:

disposing a first member provided with a first

~alignment mark and a second member provide with a

second alignmeént mark opposite to each. other;
obtaining first image informa%ion about the

first alignment mark in a first area in an image

. pickup area for being observed through the image

pickup device;

obtaining second image information about the
second alignment mark in a second area, different from
the first area, in the image piékup area to be
observed by the image pickup device;

performing compﬁtation of the first image
information and the second image information; and

effecting alignment between the two members by
using the first image information and the second image

information.

13. A method according to Claim 12, wherein the
computation is performed by using the first image

information and the second image information which are

PCT/JP2007/058898
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obtained at portions at which the first area and the

second area do not overlap each other.

14. An alignment method for effecting alignment
between two plate-like objects by using an image
pickup device, séid alignment method comprising:

disposing a first plate-like object provided

with a first periodic structure with a pitch P1 as an

-alignment mark and a second plate-like object provide

with a second periodic structure with a pitch P2 as an
alignment mark opposite to each other;

providing a first area and a second area at

mutually nonoverlapping positions in an image pickup

area for being observed through the image pickup
device;

picking up images of thé‘first and second
periodic structures in the first and second areas,
respectively, by the image pickup device frém a
direction substantially perpendicular to an in-plane
direction of the first and second plate-like objects;

obtaining positional information about a
relative position between the first and second
plate-like objects by performing computation of image
information obtained from the images picked up by the
image pickup device; and

effecting alignment between the first and

second plate-like objects in the in-plane direction by

PCT/JP2007/058898
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using the positional information.
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