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DESCRIPTION

IMPRINT APPARATUS, IMPRINT METHOD, AND

MOLD FOR IMPRINT

[TECHNICAL FIELD]

The present invention‘relates to an imprint
éppératus and imp;int,method which are used for
imprinting a pattern provided to a mold onto a

10 . subsfrate or a member on the substrate and also

relates to a mold for imprint.

[BACKGROUND ART]
Iﬁ recent yearé,,as proposed in Appl. Phys.

15 Lett., Vol. 67, Issue 21, pp. 3114 - 3116 (1995) by
Stephan Y. Chou et al., a technology for transferring
a fine péttern provided on ‘a mold onto a semiconductor,
Iglass, resin,‘metal or the like has been developed and
has feceived attention. This technology is called

20 nanoimprint or nanoembossing since it has resolving
power on the order of several nanometers. ﬁy utilizing
this technology, it is possible to process a
three-dimensional structure at a wafer level at the
same time. For this reason, the technology has been

25 expected to be applied to production technologies of
optical devices such as photonic crystal, and

production technologies of structures such as W-TAS
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(Micro Total Analysis System? and biochips.

In a processing technology usihg such a
nanoimprint, when it is used in a semiconductor
fabrication technology gtc., for example, a fine
pattern no a mold is transferred onto a substrate or a
member on the substrate in the following manner.

First, on the substraté (é.g., a semiconductor
wafer), a layer of photocurable resin material is
formed.

| Then, the mold on which a desired pattern is

formed is pressed .against the resin layer, followed by

irradiation with ultraviolet rays to cure the resin

- material. As a result, the pattern formed on the mold

is transférred onto the resin layer.

Thereafter, etching is effected by using the
resin layer as a mask, whereby the pattern of ‘the mold
is formed on the substrate.

During theltransfer'of the pattern formed on
the ﬁold in the imprint technology, in order to effect
a high-resolution fine processing by improv%ng
transfer precision, it is necessary to measure a
distance (gap) between the mold and the substrate.

U.S. Patent No. US 6,696,220 B2 has described
a method of measuring the gap between the mold and the
substrate by an interferometer. US 6,696,220 B2 has
also disclosed a gap measurement method capable of

measuring the gap by appropriately designing a shape
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of'the mold even when thé'gap (distance) is a distance
of 1/4 or less of a wavelength of light sued for
measurement with the interferometer. The gap
measurement method will be described with reference to
Figure 8.

In the case where a distance 706 between a
first surface 702 of a mold 7Ql and a surface 704 of a
éubétrate is 1/4 or less of a measurement wavelength,
it is difficult to accurately meésure the distance 706
by an interferometer. In the éap measurement method
described in US 6,696,220 B2, a measuring area is
provided at é position different from a position at

which the first surface 702 is formed. In the

a measuring area, a second surface 703 is additionally

provided. By such a constitution, when a distance
between the second surface 703 and the substrate

surface 704 is 1/4 or more of the measurément

wavelength, it is possible to measure the distance

between the sécond surface 703 and the substrate
surface 704. For this reason, by measuring a distance
705 between the first surface 702 and the second
surface 703 in advance, a value of the distance 706 is
capable of being measured even when the distance is
1/4 or less of the measurement wavelength.

Incidentally, in these days of increased need
for the high-resolution fine processing, a further

improvement has been required with respect to imprint
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accuracy in the above described nanoimprint.

However, the gap meaéurement method disclosed
in US 6,696,220 B2 is not necessarily satisfactory for
such a need.

More specifically, the distance 705 between
the first surface 702 and the second surface 703
cannot be measured since these.éurfaces are not
opposite to each chef. Accordingly, the distance 705
and a distance between the second surface 703 and the
subsfraté surface 704 are required to be measurea by a
method other than that using the interferometer.
However, when these two ‘distances are measured by the
method other than that using the interferometer, there
arises such a problem that a measurement error is
liable to occur.

Further, US 6,696,220 B2 has also deséribed

need for an optical system different in constitution

from an optical syétem for effecting measurement of

the aistance between the mold and the substrate in
order to perform measurement of in-plane positions of
the mold and the substrate. In the method described in
US 6,696,220 B2, in-plane alignment is effected based
on data obtained by thé in-plane position measurement.
Incidentally, the term "in-plane" is used with respect
to a plane parallel to a processing surface of the
mold, and the in-plane positions are represented by X,

Y and ©. Further, the distance (gap) between the mold
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and the substrate is represented by Z.

An apparatus using nanoimprint is such a
processing apparatus that a‘size ratio between the
moldhand an imprint pattern is 1:1, unlike an
apparatus for reduction exposure such as a stepper or
the like. For this reason, at a rearward position from
a back surface of the mold, a épatial constraint
condition is stringen£ compared with the case of the
stepper or the like. For example, a pattern aréa at
the broéessing surface of the mold is 26x36 mm and an
objective lens used in the optical system has a
diameter of approximately 20 mm, so that these
dimensions are of the same’ order.

Aécordingly, aé described in US 6,696,220 B2,
when the optical system for effecting the distance
measurement and the optical system for effecting the
in-plane position measurement are separately provided,
it is difficult to'dispose thésé optical systems
together in the same area. For this reason, there is a
problem such that it is difficult to prevent an error
in distance measurement caused by positional deviation
between the mold and the substrate due to a

temperature change, vibration, etc.

[DISCLOSURE OF THE INVENTION]
An object of the present invention is to solve

the above described problems.
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A specific objecf of.the present invention is
to provide an imprint apparatus, an imbrint method,
and a mold for imprint which are capable of more
accurétely measuring a distance (gap) between a mold
surface and a substrate surface.

According to an aspect of the present
invention, there is provided an‘imprint apparatus for
imprintiﬁg a pattern provided Fo a mold Bnto a
substrate or a member on the subétrate, the imppipt‘
appafatus comprising:

a light source for irradiafing a surface of
the mold disposed opposite to the substrate and a
surface of the substrate with light;

aﬁ optical sysfem for guiding the light from
the light source to the éurface of the mold and the
surface of the substrate and guiding‘reflected lights
from these surfaces to a spectroscope;\

| a spectroséope for dispersing the reflected
lighté guided‘by the optical system into a spectrum;
and

an analyzer for analyzing a distance between
the surface of the mold and the surface of the
substrate;

wherein the analyzer calculates the distance
between the surface of the mold and the surface of the
substrate by measuring a distance between the surface

of the mold and a surface formed at a position away
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from the surface of the mold.

According to another aspect of the present
inventioh, there is provided an imprint method for
imprinting a pattern proyided to a mold onto a
substrate or a member on the substrate,'the imprint
method comprising:

a first measuring step of measuring a distance
between a surface, of the mold and a surface formed at
a position away from the surfacé of the mold by'an
optiéal measurement method;

a second measuring step of measuring a
distancé between the surface formed at the position
away from.the surface of the mold and a surface of the
substrate‘by the opticél;measurement method; and

a calculating step of calculating a distance
between the surface of the mold and the surface of the
substrate by subtracting the distance meésured in the
first measuring stép from the distance measured in tﬁe
second measuring step.

According to a further aspect of the present
invention, there is provided a mold for being used in
an imprint apparatus including an optical measuring
device, comprising:

a first member constituting a surface of the
mold; and

a second member different in refractive index

from the first member;
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wherein the first member has an optiéal
thickness of 1/4 or more of a wavelength of light used
in optical measurement.

\ According to a still further aspect of the
present invention, there is provided an imprint
apparatus for imprinting a pattern provided to a mold
onto a substrate or a member on the substrate, the
imprint apparatus comprising:

a light source for irradiating a surface of
the ﬁold'disposed opposite to fhe substrate and a
surface of the substrate with light;

a first optical system for guiding the light
from the light source to the surface of the mold and
the surfaée of the subsfrate and guiding reflected
lights from these surfaces to a spectroscope so as to
measure a distance between the surface of the mold and
the surface of the substrate; and

| a second optical sysfém'for guiding ,the light
from the light source to the surface of the mold and’
the surface of the substrate and ggiding reflected
lights from these surfaces to an image pickup device
50 as to measure in-plane positions of the surface of
the mold and the surface of the substrate;

wherein the first optical system and the
second optical system shares a part of their optical
axes.

These and other objects, features and
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advantages of the presenf invention will become more
apparent upon a consideratioﬂ of the following:
description of the preferred embodiments of the
preseﬁt invention taken in conjunction with the

accompanying drawings.

[BRIEF DESCRIPTION OF THE DRAWINGS‘]

Figure 1 is a'schematic view showing a
constitutional example of an impfint apparatus used in
Embodiment 1l of the present invention. -

Figures 2(a) to 2(c) are schematic views for
illustrating measurement principle when a broadband
light source is used in Embodiment 1 of the present
invention,‘wherein Figufe,Z(a) shows a state in which
there are three peaks and three valleys in a measuring
wave number range, Figure 2(b) shows a state in which

there are two peaks and two valleys in the measuring

wave number range, and Figure 2(c) shows a state in

which there are only one peak and only one valley in
the measuring wave number range.

Figures 3(a) and 3(b) are schematic views for
illustrating a measuring method using a back surface
of a mold in Embodiment 1 of the present invention,
wherein Figure 3(a) shows a state in which a first
surface of the mold and a surface of the resin
material are located apart from each other, and Figure

3(b) shows a state in which the first surface of the
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mold and the resin material surface contact each other.

Figures 4(a) to 4(c) are schematic views
showing constitutions of molds used in the imprint
appafétus in Embodiment 1 of the present invention,
wherein Figure 4(a) shows the case where a measuring
area (406) ranges from a first surface of the mold to
a first back surface of the mqid, Figure 4 (b) shows
thé case where the'meésuring area rangeé from the
first surface of thé mold to a second back surface of
the ﬁold, and Figure 4(c) shows another example of the
constitution of Figure 4 (b).

Figures 5(a) and 5(b) are schematic views
showing constitutions of molds used in the imprint
apparatus‘in Embodimenf 2 of the present invention,"
wherein Figure 5(a) shows the case where the mold is
constituted by a first member and a second member, and

Figure 5(b) shows another embodiment of the mold shown

i
'

in Figure 5(a).
Figurés 6(a) and 6(b) are schematic views for
illustrating a gap measuring method using a mold
including a first transparent member and a éecond
transparent member in Emﬁodiment 2 of the present
invention, wherein Figure 6(a) shows a state in which
a first surface of the mold and a surface of a resin
material are apart from each other, and Figure 6(b)

shows a state in which the first surface of the mold

and the resin material surface contact each other.
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Figures 7(a) and 7(b) are schematic views for
illustrating a gap measuring method using different
light sources before and after contact with a resin
material in Embodiment 3 of the present invention,
wherein Figure 7(a) shows a state in which a first
surface of a mold and a surface of a resin material
are apart from each other, and figure 7(b) shows a
éta£e in which the fifst surface of the ﬁold and the
resin material surface contact eéch other.

.Figure 8 is a schematic view showing a
conventional embodiment described in U.S. Patent No.
6,696,220.

Figures 9(a) to 9(d) are schématiq views for
illustratihg a constitufion of an optical system in
Embodiment 4 of the present invention, wherein Figure
9(a) shows a constitution in which an optical system

for measuring an in-plane position and a part of an

optical system for measuring a distance are coaxial

with each other, Figure 9(b) shows a constitution in
which the optical system for measuring the distance
includes a diaphragm, Figure 9(c) shows a constitution
in which the optical system for measuring the in-plane
position includes a second image-forming optical
system, and Figure 9(d) shows a constitution in which
the optical system for measuring the distance has a
mechanism capable of being driven in a direction

perpendicular to an optical axis.
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Figures 10 (a) and 10 (b) are schematic views
showing a condensing portion in Embédiment 4 of the
present invention, wherein Figure 10(a) shows a. fiber
and a~holding portion, and Figure 10(b) shows a member
provided with a plurality of openings. -

Figures 1ll(a) to 1ll(e) are schematic views
showing a state of an alignment mark observed through
an optical system in émbodiment 4 of the‘present
invention, wherein Figure 11 (a) éhows a constitution
of a mark area including a distance measuring area at
a center of a visual field and an in-plane position
measuriﬁg area at another portion, Figure 11(b) is a
sectional‘view taken along AA' line shown in Figure
11 (a), Fiéure 11(c) is a sectional view taken along’
AA' line shown in Figu;e 11 (a) and shows an embodiment
different from that shown in Figure 11(b), Figure
11(d) shows a constitution of a mark area including an
area iﬁ which disténce measufemént and a pgnt of
in-plane position measurement are effected, and Figure
11(e) shows a constitution of marks for effecting
three-dimensional position measurement. 4

Figures 12(a) and 12(b) are flowcharts showing
a sequence of operations for effecting alignment in
Embodiment 4 of the present invention, wherein Figure
12 (a) shows a sequence for effecting three
axis-position control with a plurality of marks, and

Figure 12(b) shows a sequence for effecting three
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[BEST MODE FOR CARRYING OUT THE INVENTION]
(Embodiment 1)

5 : In Embodiment 1, a constitutional example of
an imprint apparatus according to the present
invention will be described.

Figure 1 shows the constitutional example of
the imprint apparatus in Embodiﬁent 1.

10 l }Referring to Figure 1, Fhe imprint apparétus
includes an exposure light source 101, a mold holding
portion 102, a work holding portion 103, a work
pressing mechanism 104, an in-plane moving mechanism
105, an ogtical system i06, a measurement light source

15 107, a beam splitter 108, a spectroscope 109, an
image-pickup device 110, an analyzer 111, an imprint
control méchanism 112, a mold 113, a photo-curable
lresin ﬁaterial 114; and a subétrate 115.

The mold holding portion 102 effects chucking

20 of the mold 113 by a vacuum chuck method or the like.
A work or workpiece is movable to a desired‘position
by the in-plane moving mechanism 105. The work
pressing mechanism 104 is capable of adjusting a
height of the work and applying pressure to the work.

25 Incidentally, a position of the work pressing
mechanism 104 in a height direction can be monitored

by an encoder. The encoder may desirably have accuracy
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of 100 nm or below. Control pf the position ﬁovement,
pressure application, and light exposure with respect
to the work is effected by the impriﬁt control
mechaﬁism 112.

Further, the imprint apparatus can also
include a detection system for effecting in-plane
alignment (not shown). l

The substrate 115 is disposed at a position
opposite to the mold 113 and onté the substrate‘1;5;
the éhoto—curablé resin material 114 is applied.
Incidentally, as a material for a member onto which a

pattern of the mold is to be transferred, it is not

+ limited to the photocurable resin material but may

also be thermosetting resin materials, organic SOG
(system on glass) materials, inorganic SOG materials,
etc.

Next, a gap measuring mechanism in this

embodiment will be'described.

The gép measuring mechanism in this embodiment
includes the optical system 106, the measurement light
source 107, the beam splitter 108, the spectroscope
109, the image pickup device 110, and the analyzer 111.

The measurement light source 107 is
constituted by a light source which emits broadband
light of, e.g., 400 nm - 800 nm.

The light emitted from the measurement light

source 107 passes through the optical system 106 to
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reach the mold 113, the bhoto—curable resin material
114, and the substrate 115. The light interferes among
the mold 113, the photocurable resin'material 114, and
the sﬁbstrate 115. The interfering light is then
returned to the optical system 106 to reach the
spectroscope 109. The light dispersed by the
spectroscope 109 is observed thfough the image piékup'
device 110 such as a line sensor.

The analyzer 111 includés a storing device for

storing refractive index and measured data in advance

.and performs processing of signal from the image

pickup device.

Here, by providing an additional beam splitter
to the opfical system, it,is also possible fo branch
the optical system into an optical system for
effecting gap measurement and an optical system for

effecting in-plane alignment (positional adjustment).

lAs a result, the ih—plane alignment and the gap

measurement can be effected independently by less
optical system.

Next, a principle of measurement of\a film
thickness and a gap distance will be described. First,
a method of using a light source of narrow band will
be described.

As such a light source, there are a laser, an
LED, etc. Further, it is also possible to use a

broadband light source provided with a filter.
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Here, where a tﬂin film has a thicknéss of d
and'a refractive index of n, the case where light
reflected at both end surfaces of the thin film is
consiaered.

In the case where an intensity of light is
decreased, a wave number kp, and a wavelength Amo are
represented by the following reiationship‘usingtany

integer m.

Further, in the case where the intensity of

light is increased, a wave number kye and a wavelength

Ape are represented by the following relationship

using the integer m.
1 m

kme = o
A, 2nd

me

As described above, the light intensity is

periodically changed depending on the wave number and

'the wavelength, so 'that it ié'periodically changed for

each distance corresponding to half of the wavelength.
For example, when a measurement wavelength is‘600 nm
and the refractive index n is 1.5, a period-of the
change in light intensity is 200 nm.

In order to measure a distance smaller than
this period, for example, an encoder having an
accuracy of approximately 100 nm. Further, when the
sum of errors in initial position of a mold surface

and a substrate surface is within 100 nm, it is
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possible to measure an absolute distance between the
mold and the substrate.

Next, as in the case of the measurement. light
source 107 in this embodiment, a method of determining
the thickness of the film and the absolute distance of
the gap by using the broadband light source will be.
described. As the broadband liéht‘source, it is
possible to use a.halogen light source, é xenon light
source, etc. |

| Figures 2(a) to 2(c) ére schematic views
showing relationships between the Qave number and the
light intensity when respective refractive indices and
respective film thicknesses are différent,from each
other. | .

Figure 2(a) shows a state in which there are
three peaks and three valleys in a measurement wave
number (fange). Figure 2(b) shows a s;ate in which
there are two peaké and two &alieys in the measurement
wave humber. Figure 2(c) shows a state in which there
are a single peak and a single valley in the
measurement wave number.

The films in Figures 2(a) to 2(c) have

refractive indices ny, np and no, respectively, and

thicknesses d, dp and de, respectively. In Figures

2(a) and 2(b), reference numerals 201 and 202

represent distances between adjacent peaks and are

1/2nady and 1/2npdp, respectively. In Figures 2(c), a
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reference numeral 203 represents a distance between
adjacent peak and valley and is 1/4n.d.. Based on
these values, it is possible to calculate an optical
length (distance) nd by a frequency analysis such as
Fourier transform and peak detection with respect to
peak and valley or peak and peak.

A minimum of a measurable wave number is taken

‘as ki, ='1/ Ay, and a maximum of the measurable wave

number is taken as ky = 1/ Ay. Further, it is assumed

thaf the refractive index does not depend on the
wavelength for simplicity of explanation. An influence
of multiple reflection such that light passed through
an upper end is reflected at a lower end and then
again reflected at the-upper end and the lower end 'to
be come out of the film is also not considered.

For instance, as a specific numerical example,

the case where dy = 800 nm, dp = 500 nm,.- de = 300 nm,

'n = 1.4, k; = 1/400, and ky = 1/800 can be taken.

In the method in this embodiment, the numbers
of the peaks and valleys are decreased as the
thickness of the film is smaller, so that a measurable

minimum thickness dpip is obtained when m = 0 and

represented by the following formula.
gl A
4nk,, 4n

When the values in the numerical example

described above is applied in the formula, the



WO 2007/046528 PCT/JP2006/321187

10

15

20

25

19

measurable minimum thickness is 71 nm.

Next, when a film consisting of two layers is
considered, light is reflecfed at respective end
surféces. For example, when the two layers have
thicknesses dy and dp, respectively, the sum of a
spectrum of Figure 2(a) multiplied by a constant and a

spectrum of Figure 2(b) multiplied by the constant is

obtained by using. light having a sufficiently broad

band.
| By effecting the frequency analysis usihg the
sum of spectra, peaks are generated at three positions
nydy, npdp, and nzdy + npdp. |
Further, in the case where fhe film is formed
of three iayers, by effecting the frequency analysis

using the sum of spect;a of Figures 2(a), 2(b) and

2(c), peaks appear at six positions nzd;, npdp, nede,
nady + npdp, npdp + nede, and nzdg ; npdp + nede.

Incidentaily, in this émbédiment, optical
intefferometry is used as the measuring method but it
is also possible to use a method using ellipsometry.
In the method using ellipsometry, changes iﬁ
polarization state of incident light and reflected
light are observed to obtain the film thickness, the
distance between the mold and the substrate, etc.

Next, the gap measuring method in this
embodiment will be described.

A condition of application to this method is
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that an optical length from the back surface of the
mold to the front surface of the substrate is shorter
than a coherence length of light. When the optical
length is longer than the coherence length, lights
reflected at the back surface of the mold and the
front surface of the substrate do not interfere with
each other, thus being unmeasurable.

| Incidentally,'a coherence length L can be

represented by the following formula:
[=X-th
& -4

wherein c represents the speed of light, of represents
a frequency, and Of reéresents a width of frequency
spectrum. . Incidentally, the formula is modified by c =
fA. Further, Al represehts a maximum wavelength in
spectrum and A2 represents a minimum wavelength in
spectrum.

For example, when Al and A2 aré nearly equal
to 400 nm and Al - A2 = 0.01 nm, the coherence length
is 16 mm. In this case, when the mold has a thickness
of 6 mm, the mold thickness is smaller than the
coherence length, thus permitting measurement of the
gap (distance between the mold and the substrate).

Next, a relationship between positions of the
mold and the substrate and interfering light (coherent
light) will be described.

Figure 3(a) is a schematic view showing a
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state in which the mold and the resin material do not
contact each other. 1In this state, broadband light
enters the mold and is refléctéd at a back surface 301
of the mold, a first surface 302 of the mold, a resin
material surface 303, and a substrate surface 304. The
respective reflected lights interference with each
other as indicated by a reference numeral 305 and is
returned to a measuriﬁg system.

Here, a distance between the back'surfacg of
the ﬁold and the first surface of the mold (where a

pattern is formed) is taken as dj, a distance between

the first substrate of the mold and the resin material

surface is taken as dp, and a distance between the

resin material surface and the substrate surface is’

taken as di.

In this case, when the interference light is

dispersed and subjected to frequency analysis, peaks

appear at six positions nldl; npdp, n3di3, njdy + npdy,

npdy + n3d3z, njdj + npdy + n3d3, wherein nj represents
a refractive index of the mold, n)y represents a

refractive index of air, and n3 represents a

refractive index of the photocurable resin material.
Assuming that these refractive indices are not
chénged during imprinting, it is possible to obtain
the distances dj, dy and d3 by calculation.
Incidentally, these refractive indices may be stored

in a memory of the imprint apparatus in advance and
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may appropriately be referenced.

Figure 3(b) is a schematic view showing a
state in which the mold and the resin material contact
each~other.

In this case, refractive indices of the mold
and the resin material are close to each other, so
that reflection at the surface.where‘the pattern is
formed is little caused to occur. For this reason, a
peak appears at a position n1d1'+ n3ds.

| Next, a sequence of méasuring the gap (bétween
the mold and the substrate) while bringing the mold
close fo the substrate will be described.

First, at a position where the distance
between tﬁe mold back éurface and the substrate
surface is the coheren;evlength or more, the thickneés
of the mold is measured and stored. Then, the mold is

brought near to the substrate by ﬁhe wavelength

 pressing mechanism. Monitoring of the distance between

the mold and fhe substrate is effected by an encoder
of the wavelength pressing mechanism. When the mold is
brought further near the substrate, the mold is placed

in contact with the substrate. In this contact state,

a peak appears at the position njidj + n3ds.
By subtracting njd; which has been measured in
advance from the value njd; + n3d3, it is possible to

calculate d3. As a result, it is possible to determine

the distance between the substrate surface and the
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sufface where the pattern is formed.

By using the method described in this"
embodiment, an optical axis subjected to measurement
of njdj; in advance is identical to an optical axis

5 subjected to measurement of distance dufing the
approach of the mold to the substrate. For this reason,
the distance between the pattern—fqpmed{substréte and
the substrate surface can be determined‘with high
accuracy.

10 ‘When the distance between the pattern-formed
substrate and the substrate surface can be controlled
with high accuracy, it is also possible to control a
thickness of a residual film layer, formed of the
resin matérial on the substrate, with high‘accuracy.

15 As a result, it is also possible to improve a
precision of pattern transfer onto the substrate in a
subsequent etching procesé.

Further, in the casé where the value of
refféctive index of a material constituting the mold

20 surface is close to that of refractive index of the
resin material, when the mold and the resin material
contact each other, it is difficult to.obtain
reflection spectrum from a boundary surface
therebetween. For this reason, in the conventional

25 method wherein the mold back surface or the like is
not subjected to measurement, it is difficult to

measure the distance between the pattern-formed
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surface and the substrate surface. In this embodiment,
however, the back surface of the mold is also
subjected to measurement, so that the distance between
the m@ld surface and the substrate surface can be
measured even in the case where the mold and the
substrate contact each other..

The intensity spectrum‘of the light source is
not flat} it is also ﬁreferable that the intensity

spectrum is measured in advance and normalization is

‘effected by performing division between the spectrum

of measurement light and the intensity spectrum. As a
result, it is possible to effect frequency analysis
with further high accuracy.

Fﬁrther, it is'also preferable that the gap
measuring mechanism is pfovided at three or more
portions. As a result, an inclination between the mold

and the substrate can be detected, so that it is also

¢

possible to adjust'parallelism between the mold and

the substrate.

As another method for adjusting the
parallelism between the mold and the substréte, it is
also preferable that a driving mechanism for driving
the optical system in an in-plane direction. As a
result, it is possible to measure the gap while moving
the measurement light in the in-plane direction. NFor
example by measuring the gap at an origin point, a

point moved in X-direction, and a point moved in
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Y-direction, inclinatioﬁ between the mold and the
substrate can be detected. As a resulf, it is' possible
to adjust the parallelism.

Constitutions of the mold in this embodiment
are shown in Figures 4(a) to 4(c). In these figures, a
first member 401 constitutes a body of the mold and.is

formed of a transparent material such as quartz glass

'(n: nearly equal to 1.5) or sapphire (n£ nearly equal

to 1.8).
| ‘Figures 4 (a) shows a mold constitution using a

mold front surface 402 and a mold.back surface 403 as
a measﬁrement surface. A rectangular area 406 is a
measurement area subjected to measurement.

figure 4 (b) shows a mold constitution using,
as a measurement surface, a surface 405 located
between the mold front surface 402 and the mold back
surface 403 in place of the mold back surface 403.
Similarly.as in Figure 4(a); a rectangular area 406 is
the measurement area subjected to measurement. This
constitution is effective in the case where the
distance between the pattern-formed surface 402 and
the mold back surface 403 is longer than the coherence
length. In this case, however, a distance between the
pattern-formed surface 402 and the surface 405 is
required 'to be shorter than the coherence length.

Figure 4(c) shows another embodiment of Figure

4 (b) a rectangular measurement area 406 is located at
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a recessed portion.

Incidentally, the mold front surface, ‘the mold
back surface 403, and the surface 405 may desirably be
a fla£ surface.

(Embodiment 2)

In Embodiment 2, a mold using a boundary
surface between two members as.the measurement surface
and a measuring methoa using the mold will be
described. This embodiment is uéeful in that it is
applicable to even the case wHere the coherence length
is shorter than the mold thickness.

Figure 5(a) shows a mold constitution using,
as the measureﬁent surface, the boundary surface
between th members. This mold is constituted by a°
first member 401 and a second mold 407. The boundary
surface between these first and second member .401 and

407 is indicated by a reference numeral 408. Further,

'the first member 401, the second member 407, and a

photoburable resin material are constituted by
materials different in refractive index.

As a material for the second member<407, it is
possible to use titanium oxide (n: nearly equal to
2.4), ITO (n: nearly equal to 2), silicon nitride (n:
nearly equal to 2), etc. Further, the thickness of the
secpnd member 407 may desirably be 1/4 or more of a
measurement wavelength in terms of the optical length.

Figure 5(b) shown another embodiment of Figure
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5(a). 1In this embodimenﬁ, not only a pfojection but
also a portion adjacent to the projection are formed
of the sécond member 407.

‘ Incidentally, the boundary surface between the
first member 401 and the second member 407 may
desirably be a flat surface.

Next, a method of measuring the gap (between
the mold and the substrate) using the moid of this
embodiment will be described. Alportion in common with
Emboaiment 1 will be omitted from explanation.

Figure 6(a) shows a state in which the mold
and the resih material do not contact each other.
Surfaces shown in Figure 6(a) include a mold surface
501, a boﬁndary surface 502 between the first member
and the second member, a resin material surface 503,
and a substrate surface 504. Broadband light entering
the mold is reflected at the boundary surface 502, the
resin matérial surface 503, énd the substrate surface
504 and respeétive reflected lights'interfere with
each other and returned to the measuring system.

Here, the distance between the mold‘surface

501 and the boundary surface 502 is taken as d1, the

distance between the mold surface 501 and the resin

material surface 503 is taken as dp, and the distance

between the resin material surface 503 and the

substrate surface is taken as d3.

When the interfering light is dispersed and
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subjected to frequency énalysis, peaks appeaf at six
positions njdj, npdp, n3d3, nidj + npdy, npdy + nids,
and nidjy + npdy + n3d3. By making reference to data of

refractive index from these peaks, it is possible to

calculate dj, dy and d3. In this case, the distance

between the pattern-formed surface and the substrate
surface is dp+ds3.

Figure 6 (b) ghéws a state in which the mold
and the resin material contact éach other. In the case
where the mold and the ‘resin haterial are different in
refractive index, reflection is caused to occur also
at a boundary surface bétween the mold surface and the
substrate surface. Accordingly, a péak appears at a
position ﬁldl + n3ds3. From this value, by subtracting
the preliminarily measured njdj, it is possible to
calculate d3. As a reéult, it is possible to .determine
the distance between the pattern-formed surface and
the substrate surféce.

({Embodiment 3)

In Embodiment 1, description such that the
mold thickness is measured by utilizing the mold back
surface as the measurement surface, in the case where
the coherence length of broadband light is longer than
the mold thickness, to calculate the distance between
the mold surface and the substrate surface is made.

Further, in Embodiment 2, description such

that the distance between the mold surface and the
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substrate surface can be calculated by using the
boundary surface between the two members as the
measurement surface even in the case where the
coherénce length of broadband light is shorter than
the mold thickness.

In these embodiments,. however, in the case
where the coherence length of broadband light is
shofter than the mold thickness and the éecond member
cannot be provided to the mold, fhere is such a
probiem that the distance between the mold surface and
the substrate surface cannot be measured.

In Embodiment 3, a measuring method having
solved such a problem will 'be described.

Figure 7(a) is a .schematic view showing a
noncontact state of the mold with the resin material.
The broadband light entering the mold is reflected at

a meld baék surface 601, a mold front surface 602, a

resin material surface 603, and a substrate surface

604. Respectiﬁe reflected lights interfere with each
other as indicated by a reference numeral 605 and are
returned to the measuring system. ~

When the interfering light is dispersed and
éubjected to frequency analysis, peaks appear at three
positions npdp, n3d3, and npdy + n3d3. In Embodiment 1,
six peaks appear, whereas in Embodiment 3, only three
peaks appear. This is because the mold thickness is

larger than the coherence length of broadband light in
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Embodiment 3.
By making reference to refractive index data
from these three peaks, it 1s possible to calculate

the distances do> and d3, respectively. In this

embodiment, he distance between the mold surface and
the substrate surface is dp+d3. The measuring method
is performed until the mold contacts the substrate.
The distance between the mold surface ana the
substrate surface when the mold énd the substratg
contéct each other is taken as dc.

Figure 7(b) is a schematic view showing a
contact state of the mold with the resin material. 1In
this statg, the light entering the mold is changed
from the Eroadband,lighf to laser light. Compared with
the broadband light, the laser light has a ionger
coherent length. For this reason, in the case where
the distance betwgen the mold back surface and the
substrate surface is shorter’than the coherence length
of the laser light, the laser light is reflected at
the mold back surface 601 and the substrate surface
604 and respective reflected lights interference with
each other as indicated by a reference numeral 606.

As the mold approaches the substrate surface,
an intensity of the interfering light is changed
sinusoidally. More specifically, when a wavelength of
the laser light is taken as A, a period of the laser

light is A/2n. Accordingly, it is possible to measure
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a movement distance L b§ counting the intensity of
frequency and the number of peaks of intensityl By
effecting the measurement aé«described above, the
distance between the mold surface and the substrate
surface can be calculated by the formula: dc - L.

Incidentally, in the above description, the
change from the broadband lighf to the laser light is
éffected during the contact of the mold surface with
the resin material but may also'be effected befope fhe
contact with the resin material.

The imprint method in this embodiment is
characterized by a first measuring step of measuring
the distance between the mold surfacé and the
substrate‘surface by effecting irradiation with light
of a first band, a second measuring step of measuring
a movement distance of the mold by changing the
irradiation light:from the light of the first band to
light of a second band narro&er than the first band
and éffecting irradiation with the light of the second
band, and a step of calculating the distance between
the mold surface and the substrate surface by
subtracting the distance measured in the second
measuringlstep from the distance measured in the first
measuring step.

Further, the imprint apparatus in this
embodiment includes a first light source which is used

for measuring the distance between the mold surface
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and the substrate surfaée anq has a first band, a
second light source having a second band narrower than
the first band, an optical system for guiding the
lights from the first light source and the second
light source to the mold surface and the substrate
surface and guiding the reflected lights to a
spectroscope, the spectroscope for dispersing the
iight guided by the optical system, andlan analyzer
for analyzing the distance between the mold su;fgcé
andlthe substrate surface. The analyzer is
characterized in tha*t the distance between the mold
substrate and the substrate surface is calculated from
the distance between'the mold surface and .the
substrate‘surface obtained by effecting thé
irradiation using the fifst light source and the
movement distance of the mold obtaiqed by effecting
the irradiation using the second light\sburce.
(Embodiment 4)

In Embodiment 4, a constitutional embodiment
in which a part of optical system for effecting
distance measurement (Z) between the mold surface and
the substrate surface and in-plane position
measurement (XYO) is coaxially disposed will be
described.

Figure 9(a) shows the optical system in this
embodiment. Light emitted from a light source 802

passes through a first beam splitter 809 and first
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imaging optics 805 to reéch a mold 806 and a'substrate
807. The light reflected by the mold and the substrate
is returned to the first imaging optics 805. On the
other hand, the light passing through the first beam
splitter 809 to reach a second beam splitter 808 is
branched off in directions toward a light-condensing
portion 803 for distance measurement and an
image-pickup device 801 for in-plane position
measurement, respectively. The iight having reached
the,iight-condensing portion 803 reaches a
spectroscope 810 thréugh a waveguide such as fibers or
the like.

The image-pickup device 801 and the
light—condensing portidn 803 are located at positions
where information in the neighborhood of a focus of
the first imaging optics 805 is formed into an image.

Incidentally, an optical axis 804 from tHe substrate

807 to the second beam splitter‘808 is shared by the

distance measuring system and the in-plane position
measuring system. Particularly, the nanoimprint is a
method in which the mold and a processing pattern have
a size ratio of 1:1. For this reason, there is a
limiting factor such that it is difficult to
sufficiently ensure a space behind the back surface of
the mold. In other words, when the optical system for
effecting the distance measurement and the optical

system for effecting the in-plane position measurement
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are separately prepared,_it is difficult to not only
dispose these optical systems togetherwbehind the back
surface of the mold but also effect the distance
measurement and the in-plane position measurement
simultaneously. In such a state, it is difficult to
prevent an error in distance measurement by positional
deviation between the mold and the subs;rate due to
femperature change, vibration, etc. On Ehe other hand,
in this embodiment, the optical sygtem is shared, so
that'the above described limiting factor can be
obviated. |

Figure 9(b) shows a constitution for changing
a numerical aperture (NA) of the distance measuring
system and NA of the in-plane position measuring
system. This constitution includes a diaphragm 811
disposed between the second beam splitter 808 and the

light-condensing portion 803. 1In the in-plane position

measurement, a larger NA provides a higher resolution

and higher acéuracy of position measurement. On the
other hand, in the distance measurement, a smaller NA
can be advantageous for removing an influence of
aberration. In this case, the constitution of this
embodiment is effective.

Figure 9(c) shows a constitution for changing
an optical magnification of the distance measuring
system and an optical magnification of the in-plane

position measuring system. Between the second beam
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spiitter 808 and the imaée-pickup device 801,‘a second
imaging optics 812 is disposed. In the in-plane
position' measurement, a higﬁer magnification can
permi£ position measurement with higher accuracy. On
the other hand, it is preferable that the distance
measuring system has a small NA and less optical
system in order to remove the influence of aberration.
In this case, the‘conétitution of this embodiment is
effective.

| Figure 9(d) shows a constitution for effecting
measurement of an inclination between the mold surface
and the substrate surface. 1In the constitution of this
embodiment, at an image forming position, a driving
mechanism‘813 for moving the light-condensing portion
803 in a planar direction perpendicular to the optical
axis is disposed. By effecting the distance

measurement while moving the light-condensing portion

803 in’ the planar'direction, it is possible to detect

the inclination between the mold surface and the
substrate surface.

Here, a structure of the light—condénsing
portion 803 will be described with reference to
Figures 10(a) and 10(b). In Figure 10(a), the
light-condensing portion 803 is constituted by a fiber
901 and a holding member 802. Around the holding
member 902, a reflection prevention film for

suppressing unnecessary reflection may also be
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provided. Further, a shape Qf the 'holding mémber 902
may also be a tapered shape so as th'to return the
light to‘thé measuring portion.
N Figure 10(b) shows a member 904 provided with
5 a plurality of openings 903. The member provided with
the plurality of openings at an image surface is
disposed between the light-condensing portion 803 and
the second beam split£ér 808 shown in Figure 9(a). By
providing a plurality of fibers‘at the opénings'qnd
10 switéhing the openings, it is possible to measure
distances at a plurality of in-plahe positions. As a
result, it is possible to calculate the inclination
between the mold surface and the subétrate surface.
Néxt, with reférence to Figures llfa) to 11l(e),
15 a spatial position measurement mark area for
simultaneously performing the distance measurement
between the mold surface and the subst;ate surface and
the in-plane position measufement will be described.
In these figufes, a positive direction of z-axis is
20 taken in a direction on the drawing from a back side
to a front side as shown in Figure 11(a). Further, a
circular area 1004 indicated by broken line is a field
of view observed through the optical system.
Figure 1l1(a) is a schematic view showing a
25 state in which the mold and the substrate are located
at substantially desired opposite positions. The

spatial position measurement mark area is constituted
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by a first distance measurement area 1003 and an
in—pléne position measurement area 1005. The first
distance measurement area 1603 corresponds to a.
centrél position of the field of view of the optical

5 system. In the in-plane position measurement area 1005,
a plurality of mold mark constituting elements 1001 .,
and a plurality of substrate mark constituting
elements 1002 are‘dis§OSed. The pluraliﬁy of mold mark
constituting elements 1001 is arfanged in x-direction

10 and fhe plurality of substrate mark constituting
elements is arranged between adjacent mold mark
constituting elements. Incidentally, when a spacing
between a mold mark constituting element 1101 and an
adjacent gubstrate.mark‘constituting element is equal

15 to an adjacent spacing, determination.that in-plane
pdsitions of the mold and the substrate are aligned is
made. In‘the spatial position measurement mark area,
it is ﬁossible to effect positional alignment along
two éxes in tﬁe in-plane direction (x-axis) at the

20 mold surface and in the direction (z-axis)
perpendicular to the in—plahe direction.

Figure 11(b) is a sectional view taken along

AA'-line shown‘in Figure 11(a). A mold mark is
constituted by a constitutional element 1006 having a

25 projection structure and a substrate mark is
constituted by a constitutional element 1007 having a

recess structure. In the distance measurement area,
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the mold surface is at the same level as a tdp surface

of projection structure of mark and the substrate

surface is at the same level as a top surface of

projeétion structure of mark, so that a boundary area
5 is not particularly provided.

Figure 11 (c) is another sectional view taken
along AA'~line shown in Figure il(a),:wherein the
projection structure éf’the mold and thelrecess
structure of the substrate are ih reverse felationship

10 withlrespect to the case of Figure 11(b). Incidentally,
both of these structures may be projection structures
Or recess stfuctures.

Further, in the distance measurement area,
both of or either one of the mold mark and the

15 substrate mark may alsq have a recess structure.

Figure 11(d) shows a constitution in which a
second diétance measurement area 1010 and a part of an
in-plane position ﬁeasuremenf area 1005 overlap each
other.

20 Figure 11(e) shows a constitution of marks
capable of effecting three-dimensional in-plane
position measurement. According to this constitution,
the distance measurement can be effected at the center
of field of view on three axes. Further, by effecting

25 the distance measurement at a peripheral portion 1011,
it is possible to measure an inclination between the

mold surface and the substrate surface.
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Next, a sequencenfor simultaneously éffecting
the distance measurement between the mold surface and
the substrate surface and the in-plane position,
measurement will be described.

5 ' Figure 12(a) is a flowchart showing a sequence
of in-plane position control and distance control
using the mark constitutions shown in Figures 11 (a)
and‘ll(d). In the casé of effecting three-dimensional
positional alignment, such a combination of the mark

10 and fhe optical system is provided at two or more
positions.

Firét, in step S1-1, the mold is brought near
to the supstrate. In this case, a distance between a
mold procéssing surface‘and a substrate surface is set

15 to, e.g., approximately several tens of micrometers by .
coarse adjustment using an encoder or the like of a
motor. In step S1-2, a mark is selected. In step S1-3,

‘distance measurement is effeé£ed and in step S1-4,
determination as to whether condition (1) is satisfied

20 or not is made. The condition (1) is, e.g., such that
an error in distance with respect to a desifed
distance is within several nanometers. When the
condition (1) is not satisfied, distance control is
effected in step S1-5. When the condition (1) is

25 satisfied, in-plane position measurement is effected
in step S1-6. In step S1-7, determination as to

whether condition (2) is satisfied or not is made. The
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condition (2) is, e.g., such that an error in position
is within several nanometers. When the condition (2)
is not satisfied, in-plane position control is
effected in step S1-8. When the condition (2) is
satisfied, determination of condition (2) is made in
step S1-9. The condition (3) includes, e.g., (a) all
the marks are not measured (b)las a result of
measurement of all thé marks, it is necessary to
further bring the mold near to the substrate, and (é)
as a'result of measurement of all the marks, the
distance between the mold processing surface and the
substrate reaches a final value. 1In the case of (a),
the sequence goes to step S1-2 in which measurement of
another mark is effected. In the case of (b), the
sequence goes to step Sl—lO in which the distance
between the mold processing surface and the substrate

surface is decreased by slight movement so that the

decrease in distance is several tens of nm to several

hundreds of nm. In the case of (c), the sequence is
completed.

Figure 12(b) is a flowchart showing\a sequence
in which three-dimensional positional alignment is
effected by a single mark and a single optical system.

First, in step S2-1, similarly as in the case
of Figure 12(a), the mold is brought near to the
substrate by movement (1). Next, in step S2-2, a

distance therebetween is measured. This distance
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measurement is effected at a plurality of poéitions.
In step S2-3, an inclination between fhe mold’
processing surface and the substrate surface is
calc;lated. In step S2-4, determination of condition
(1) such that errors in distance and iﬂclination are
within several nanometers is made. When the condition

(1) is not satisfied, ‘distance control is effected in

’step S2-5. When the condition (1) is satisfied,

in—plane position measurement ié effected'in step 52—6n
In étep S2-7, determination of condition (2) such that
an error in in-plane position is within several
nanomefers is made. When the condition (2) is not
satisfied{ in-plane position controllis effected in
step 82—8: When the condition (2) is satisfied,
determination of condit;on (3) is made in step SZ—é.
The condition (3) is whether or not the distance
between the mold prdcgssing surface and the substrate
surface is a final‘distance.l Wﬁen the condition (3) is
satiéfied, thé sequence is completed. When the —
condition (3) is not satisfied, the sequence goes to
step S2-11 in which the distance between the mold
processing surface and the substrate surface is
decreased. Incidentally, even in the case of using a
two-dimensional mark, it is possible to further
improve accuracy by observing a plurality of marks

through a plurality of optical systems.
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[INDUSTRIAL APPLICABILITY]

According to the present inveﬁtion, iﬁ is
possible’ to. provide an imprint apparatus, an imprint
method, and a mold for imprint which are capable of

5 more accurately measuring the distance between the

mold surface and the substrate surface.
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CLAIMS

1. An imprint apparatus for imprinting a pattern
proviaed to a mold onto a substrate or a member on the
substrate, said imprint apparatus comprising:

a light source for irradiating a surface of-
the mold disposed opposite to the'substraﬁe and a
éurface of the substrate with light;

an optical éystém for guiding the light ﬁr&m
saidllight source to the surface of the mold and the
surface of the substrate and guiding reflected lights
from these surfaces to a spebtroscope;

a spectroscope for dispersing the reflected
lights guiaed by said obtical system into a spectruh;
and

an analyzer for analyzing a distance between

the surface of the mold and the surface of the

substrate;

wherein said analyzer calculates the distancé
between the surface of the mold and the surface of the
substrate by measuring a distance between the surface
of the mold and a surface formed at a position away

from the surface of the mold.

2. An apparatus according to Claim 1, wherein the
surface formed at the position away from the surface

of the mold is a back surface of the mold.
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3. An apparétus according to Cldim 1, wherein the
surface formed at the position away from the surface
of the mold is provided between the surface of the

mold and the back surface of the mold.

»4. An apparatus'according to Claim 1, whefein the
éurface fofmed at.the pbsition away from the surface
of the mold is an idterface between a firsf member
constituting the surface of the mold and a second
member comprising :a material different in refractive

index from a material for the first member.

5. An imprint method for imprinting a pattern
provided to a mold onto a substrate or a member on the
substrate, said imprint method comprising:

a first measuring step of measuring a distance

between a surface of the mold and a surface formed at

a position away from the surface of the mold by an
optical measurement method;

a second measuring step of measuring a
distance between the surface formed at the position
away from the surface of the mold and a surface of the
substrate by the optical measurement method; and

a calculating step of calculating a distance
between the surface of the mold and the surface of the

substrate by subtracting the distance measured in said
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first measuring step from the distance measured in

said second measuring step.

6. A method according to Claim 5, wherein the
5 surface formed at the position away from the surface

of the mold is a back surface of the mold.

7. A method-according to Claim 5, wherein the
surface formed at the position away from the surface
10. of the mold is provided between the surface of the

mold and the back surface of the mold.

8. A method according to Claim 5, wherein the
surface formed at the‘position away from the surfacé
15 of the mold is an interface between a first member
cdnstituﬁing the sﬁrface of the mold. and a second
member coﬁprising,a haterial’different in refractive

index from a material for the first member.

20 9. A method accordihg to Claim 5, wherein'the
optical measurement method in said first and second

steps uses optical interferometer.

10. A mold for being used in an imprint apparatus
25 including an optical measuring device, comprising:
a first member constituting a surface of said

mold; and
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a second member difﬁerent in refractive index
from said first member;

wherein said first member has an optical
thickness of 1/4 or more of a wavelength of light used

in optical measurement.

11. A process for producing a structure by using
an imprint method, comprising:

an imprint method according to Claim 5.

12. An imprint apparatus for imprinting a pattern
prpvidéd to a mold onto a substrate or a member on the
substrate{ said imprint apparatus comprising:

a‘light source for irradiating ‘a surface of
the mold disposed opposite to the substrate and a
surface of the substrate with light;

a first optical system for guidihg the light
from said light soﬁrce to thé sﬁrface of the mold and
the surface of the substrate and guiding reflected
lights from these surfaces to a spectroscope so as to
measure a distance between the surface of the mold and
the surface of the substrate; and

a second optical system for guiding the light
from said light source to the surface of the mold and
the surface of the substrate and guiding reflected
lights from these surfaces to an image pickup device

SO as to measure in-plane positions of the surface of
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the mold and the surface of the substrate;
wherein said first optical sysﬁem and said
second optical system shares a part of their optical

axes.

13. An apparatus according to Claim 12, wherein
said second optical system has a numerical aperture

iarger than that of said first optical system.

14. An apparatus according to Claim 12, wherein
said second optical system has a magnification larger

than that of said first bptiéal system.

15. A process for producing a structure by using
an imprint apparatus, comprising:

ﬁsing an imprint apparatus according to Claim

12.



WO 2007/046528 PCT/JP2006/321187

112
108 .
- < >
11| L 6 112
fH ; | ij V 5 .
110 109 [07] .
102
113:&4/L - r
114 1
Y
115\> =
103~/
104~ <
’ 105 <

FIG.1



WO 2007/046528

STRENGTH

STRENGTH

STRENGTH

PCT/JP2006/321187
2112

A 201
\/\/\/\/
—

KL WAVE NUMBER  km

\ 202
\/\/\/\
L i -
! >

kL WAVE NUMBER - kwm

. 203

. \
/W
'

-
[ I >

ki WAVE NUMBER Km

FIG.2



WO 2007/046528 PCT/JP2006/321187

3/12
(a)
301 305N\
— .
‘ d
R L LAy
302 303 do
. ~) A Y
\ \_A ds
]
304
(b)
Ay
' A
, ds
e e Y e e B Y
2 ds

FIG.3



WO 2007/046528

4/12

403

PCT/JP2006/321187

, 496
o 17| 401
g
| 402 403
(b)
405
| 401
.‘ e
\ .
406
405
()
401
-
| il DY
406



WO 2007/046528 PCT/JP2006/321187

512

~ 406
(a) o

401

408

406

401

407
"~ 408

72

Vil el

402

FIG.5



WO 2007/046528 PCT/JP2006/321187

6/12

505~ |

' d1
503 502 501 | d2
L
\ \) d3
Y
- 504

WWWW-W-W-W-W-WWM.I d1

FIG.6



WO 2007/046528 PCT/JP2006/321187

7/12
(a) -
601 605 ™~
Y
\ d1
A ]r
603 602 | d
.
\ A d3
) .
604
(b)
606 ™~ __
A vy
A
, ' d4
[ 1 M )
A [ a3

FIG.7



WO 2007/046528

703

8/12

707

PCT/JP2006/321187

A

| 701
|

703

702~

) 2 705
706 704

FIG.8



WO 2007/046528 PCT/JP2006/321187

9/12
(a) C
801~ 801" == 81
810 -
808 L——:»[j—_]
S = 808«7;:1\803
802 802 ,
O— N\~ @809
804
80,5‘/C> 805~ >
806~ I BOE~
807
(b) | (d)
~1L—1
801" T 801
[r\jm ' 813
808~ T
B 803 8084
802 802 o
® \_809 @809
>\-805 | CT>~_805
806 ~—— 3 806/ Tl
804 807

FIG.9



WO 2007/046528 PCT/JP2006/321187

10/12
(a)
- 901
902
(b)
903 ~LO O
904 \_| O
O O

FIG.10



WO 2007/046528 PCT/JP2006/321187

1112

-

l
B
X
\ | QPSP S

FIG.11



WO 2007/046528 PCT/JP2006/321187

12112

(a) fMOVEMENT (st

»{ MARK SELECTION kvs1-2
Y

[DISTANCE MEASUREMENT |~< $1-5
S1-4 ' S1-3 -
IMKOVEMENTW CONDITION (1) NO > 8'3@&185
\ -
S1-10 YES '

[IN-PLANE POSISION MEASUREMENT |<——

IN-PLANE POSITION
CONTROL ‘
$1-8
>~ END__}J~S1-11
(b) [MOVEMENT (1) |~ S2-1
Y
>/ DISTANCE MEASUREMENT | <
Y S2-2 .
[ INCLINATION CALCULATION] $0-5
‘32-3 ~
ITVIOVEMENT )] ~ " NO [ DISTANCE
F api CONDITION (1) ~|_CONTROL

S2-6-

IN-PLANE POSITION
CONTROL

S2-8

FIG.12



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - claims
	Page 49 - claims
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings

