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TITLE

MEASUREMENT APPARATUS, MEASUREMENT METHOD, EXPOSURE
METHOD, EXPOSURE APPARATUS AND ARTICLE MANUFACTURING
METHOD

BACKGROUND

Field of the Technology
[0001] The present disclosure relates to a measurement apparatus, a measurement
method, an exposure method, an exposure apparatus and an article manufacturing

method.

Description of the Related Art

[0002] Conventionally, as a measurement apparatus that measures the surface
position (height position) of a measurement target, Japanese Patent Laid-Open No.
10-64980 has proposed a measurement apparatus that measures a surface position
by projecting light from a light-emitting unit onto the measurement target and
detecting light (reflected light) reflected by the measurement target using a light-
receiving element. Japanese Patent Laid-Open No. 10-64980 discloses a technique
of adjusting the amount of light projected from a light-emitting unit for each
measurement location so as to enable accurate measurement of a surface position
even if reflectance variation occurs due to the material, pattern, or the like of a
measurement target.

[0003] The conventional technique makes it possible to perform measurement with
the amount of light suitable for the material or pattern of a measurement target even

in one measurement by providing a plurality of light sources for each measurement
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location. In addition, using a step and scan scheme and measuring each
measurement location while scanning a measurement target can perform
measurement while switching light amounts for each measurement location.
However, the conventional technique needs to add light sources and light-receiving
elements with an increase in the number of measurement locations to be measured

once. This leads to increases in the cost of an optical system and apparatus size.

SUMMARY

[0004] The present disclosure provides a technique advantageous in measuring the
height position of a measurement region.

[0005] According to one aspect of the present disclosure, there is provided a
measurement method of measuring a height position of a measurement region by
irradiating the measurement region with light and detecting reflected light from the
measurement region with a sensor, the method including obtaining information
concerning a distribution of reflectances in the measurement region, and setting a
measurement target location in a region where the amount of reflected light detected
by the sensor falls within a predetermined range in the measurement region based
on the information.

[0006] Further aspects of the present disclosure will become apparent from the
following description of exemplary embodiments with reference to the attached

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Fig. 1 is a schematic view illustrating configurations of an exposure

apparatus according to an aspect of the present disclosure.
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[0008] Fig. 2 is a view for explaining configurations of a measurement unit.
[0009] Fig. 3 is a flowchart for explaining measurement processing and exposure
processing in the exposure apparatus illustrated in Fig. 1.

[0010] Figs. 4A and 4B are views for explaining the adjustment of the amount of
reflected light.

[0011] Figs. 5Aand 5B are views for explaining the setting of measurement target
locations.

[0012] Figs. 6Aand 6B are views for explaining the setting of measurement target
locations.

[0013] Fig. 7 is a flowchart for explaining measurement processing and exposure
processing in the exposure apparatus illustrated in Fig. 1.

[0014] Fig. 8 is a flowchart for explaining measurement processing and exposure
processing in the exposure apparatus illustrated in Fig. 1.

[0015] Figs. 9A and 9B are views for explaining the grouping of measurement

target locations.

DESCRIPTION OF THE EMBODIMENTS

[0016] Hereinafter, embodiments will be described in detail with reference to the
attached drawings. Note, the following embodiments are not intended to limit the
scope of the claims. Multiple features are described in the embodiments, but it is
not the case that all such features are required, and multiple such features may be
combined as appropriate. Furthermore, in the attached drawings, the same
reference numerals are given to the same or similar configurations, and redundant
description thereof is omitted.

[0017] Fig. 1 is a schematic view illustrating configurations of an exposure

apparatus 1 according to one aspect of the present disclosure. The exposure
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apparatus 1 is, for example, a lithography apparatus used in a lithography step as a
manufacturing step for articles (devices) such as semiconductor elements, liquid
crystal display elements, and thin-film magnetic heads to form patterns on
substrates. The exposure apparatus 1 exposes a substrate to light through an original
plate (reticle or mask) and transfers the pattern of the original plate to the substrate.
[0018] In the specification and the accompanying drawings, directions will be
indicated on an XYZ coordinate system in which directions parallel to a plane on
which a substrate is placed are defined as an X-Y plane. Directions parallel to the
X-axis, the Y-axis, and the Z-axis of the XYZ coordinate system are the X direction,
the Y direction, and the Z direction, respectively. A rotation about the X-axis, a
rotation about the Y-axis, and a rotation about the Z-axis are 60X, 0Y, and 6Z,
respectively.

[0019] The exposure apparatus 1 includes an illumination optical system 102, an
original plate stage (not shown) that can hold an original plate 103, a projection
optical system 104, a substrate stage 105 that can hold a substrate ST, a
measurement unit 106, and a control unit 107.

[0020] A light source 101 is implemented by, for example, an i-line mercury lamp
or excimer lamp. The illumination optical system 102 illuminates the original plate
103 with light from the light source 101. A pattern to be projected onto the substrate
ST is drawn on the original plate 103. The light that has passed through the original
plate 103 reaches the substrate ST held by the substrate stage 105 through the
projection optical system 104 to form an image of the pattern of the original plate
103. The substrate stage 105 holds the substrate ST through a substrate chuck and
is configured to be movable with respect to six axes including the X-axis, the Y-
axis, the Z-axis, the 6X-axis, the 0Y-axis, and the 6Z-axis. The image of the pattern
of the original plate 103 which is projected on the substrate ST is transferred onto

a photosensitive material such as a resist placed (applied) on a surface of the
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substrate ST. The image of the pattern of the original plate 103 is transferred as a
latent image onto the photosensitive material placed in each of a plurality of
exposure regions of the substrate ST by repeating the operation of moving the
substrate stage 105 holding the substrate ST step by step and the operation of
exposing an exposure region (shot region) to light. A position measurement device
(not shown) such as an interferometer or encoder accurately measures the position
and posture of the substrate stage 105. The movement and positioning of the
substrate stage 105 (the substrate ST) are controlled in accordance with the
measurement results. This implements accurate overlay exposure.

[0021] In exposing the substrate ST to light, in order to match the height and
inclination of the substrate ST with an image of the pattern of the original plate 103
(an imaging plane of the projection optical system 104), the measurement unit 106
measures the height (height position) of the substrate ST in an exposure region (in
a measurement region). At least the height or inclination of the substrate stage 105
is controlled based on the measurement result obtained by the measurement unit
106. In the following description, controlling at least the height or inclination of
the substrate stage 105 so as to match a reference surface (for example, the obverse
surface or a surface offset from the obverse surface) of a photosensitive material in
an exposure region of the substrate ST with the imaging plane of the projection
optical system 104 will be referred to as focus control.

[0022] The measurement unit 106 is configured as a sensor that measures the
height position of an exposure region by irradiating an exposure region
(measurement region) of the substrate ST with light and detecting reflected light
from the exposure region. In the present embodiment, the measurement unit 106 is
embodied as an oblique incident type focus sensor that obliquely irradiates an
exposure region of the substrate ST with light.

[0023] Configurations of the measurement unit 106 will be described in detail with
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reference to Fig. 2. The measurement unit 106 measures the height positions of a
plurality of measurement target locations in an exposure region of the substrate ST.
The measurement unit 106 includes an irradiation unit 201 and a detection unit 205.
The irradiation unit 201 includes a light source 202 that obliquely applies light to
the substrate ST held by the substrate stage 105, an irradiation pattern 203 arranged
two-dimensionally, and an irradiation optical system 204 for irradiating (emitting)
the substrate ST with the irradiation pattern 203. The irradiation optical system 204
may be omitted depending on the type of the light source 202 or the distance
between the irradiation pattern 203 and the substrate ST. In addition, the irradiation
pattern 203 and the substrate ST may be arranged to implement a Scheimpflug
optical system by using the irradiation optical system 204. Employing the
Scheimpflug optical system makes it possible to focus the entire region of the
irradiation pattern 203 on the substrate ST and hence to improve the measurement
accuracy. In addition, the Scheimpflug optical system contributes to suppressing
measured value variation caused by the local inclinations of the substrate ST in
measuring the height position of the substrate ST.

[0024] The detection unit 205 includes a detection optical system 207 and a camera
208. The light (reflected light) reflected by the substrate ST enters the camera 208
through the detection optical system 207. The camera 208 includes an image sensor
206 having a plurality of pixels arranged two-dimensionally. Note, however, that
the detection optical system 207 may be omitted depending on the type of the light
source 202 or the distance between the substrate ST and the camera 208. In addition,
the substrate ST and the image sensor 206 may be arranged to implement a
Scheimpflug optical system by using the detection optical system 207. Employing
the Scheimpflug optical system makes it possible to focus the entire region of
substrate ST on the imaging plane of the image sensor 206. In addition, the

Scheimpflug optical system contributes to suppressing measured value variation
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caused by the local inclinations of the substrate ST in measuring the height position
of the substrate ST.

[0025] The control unit 107 is implemented by an information processing
apparatus (computer) including a CPU and a memory. The control unit 107 causes
the exposure apparatus 1 to operate by comprehensively controlling the respective
units of the exposure apparatus 1, that is, the light source 101, the illumination
optical system 102, the projection optical system 104, the measurement unit 106,
and the substrate stage 105 in accordance with programs stored in a storage unit.
The control unit 107 controls, for example, exposure processing so as to expose the
entire region of the substrate ST to light by the so-called step-and-repeat scheme of
repeating exposure on each exposure region on the substrate while moving the
substrate stage 105 step by step.

[0026] The control unit 107 also functions as a processing unit that performs the
processing (measurement processing) of obtaining the height position of the
substrate ST (its exposure region) by controlling the measurement unit 106. One
of such processes is a process of obtaining the height position of the substrate ST
from a change in the image (its position) of the irradiation pattern 203 obtained by
the image sensor 206. As the height of the substrate ST varies, the irradiation
pattern 203 with which the substrate ST is irradiated varies in the direction in which
the substrate ST is irradiated with the irradiation pattern 203 from the irradiation
unit 201. Since such variation in the irradiation pattern 203 appears as a change in
the image of the irradiation pattern 203 obtained by the image sensor 206, the height
position of the substrate ST is obtained from such change. The control unit 107
exposes the substrate ST to light while adjusting the position of the substrate ST in
the height direction (Z direction) through the substrate stage 105 based on the height
of the substrate ST obtained in this manner.

<First Embodiment>
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[0027] Measurement processing and exposure processing (an exposure method)
according to the first embodiment will be described with reference to Fig. 3. As
described above, since the present embodiment is provided with an image sensor
206 having a plurality of pixels arranged two-dimensionally, the height positions of
the entire exposure region of a substrate ST to be exposed to light by the step-and-
repeat scheme can be measured at once at the same timing. Note, however, that it
is difficult in terms of placement and cost to implement an irradiation unit 201 (a
light source 202, an irradiation pattern 203, and an irradiation optical system 204)
individually for a plurality of measurement target locations in the exposure regions
of the substrate ST. Accordingly, in the present embodiment, the light source 202
is implemented by a single light source, and an exposure region of the substrate ST
is irradiated with light from the single light source. Note that the single light source
means a light source that collectively applies light to the entire exposure region of
the substrate ST but does not always mean a single light source. For example, an
LED array may be used as the light source 202 or a light source that combines light
beams from two light source units and emits the combined light.

[0028] In step S301, reflectance information concerning the distribution of
reflectances in an exposure region (measurement region) of the substrate ST is
obtained. For example, a representative sample region of the plurality of exposure
regions of the substrate ST is measured by using a measurement unit 106, and a
reflectance in the sample region is obtained from the output from the measurement
unit 106, thereby obtaining reflectance information concerning each exposure
region of the substrate ST.

[0029] In step S302, the amount of reflected light detected by the detection unit
205 is adjusted for each of a plurality of locations (default locations) set as
measurement target locations in an exposure region of the substrate ST based on

the reflectance information obtained in step S301. For example, the amount of light

-8-



10

15

20

25

with which an exposure region of the substrate ST is irradiated, that is, the amount
of light emitted from the irradiation unit 201 (the light source 202) is adjusted so as
to make the amount of reflected light from each default location fall within a
predetermined range (detection enable range).

[0030] A reason why step S302 is required will be described below. An exposure
region of the substrate ST has various reflectances at the respective locations due
to wiring, stepped locations, material differences, and the like. Accordingly, in
order to accurately measure height positions in an exposure region of the substrate
ST, it is necessary to adjust the amount of light with which the exposure region of
the substrate ST is irradiated so as to make the amount of reflected light detected
by the image sensor 206 fall within a predetermined range.

[0031] The adjustment of the amount of reflected light in step S302 will be
described with reference to Figs. 4A and 4B. Referring to Fig. 4A, reference
numerals 411 to 443 denote default measurement target locations (default locations)
in an exposure region of the substrate ST. Fig. 4B shows the amount of reflected
light from each default measurement target location detected by the image sensor
206. As described above, the amount of reflected light from each measurement
target location is adjusted to fall within a predetermined range by adjusting the
amount of light emitted from the irradiation unit 201.

[0032] The predetermined range is determined to meet necessary requirement for
measurement accuracy from the dynamic range and S/N characteristics of the image
sensor 206. If, for example, the amount of reflected light detected by the image
sensor 206 is small, since the measurement accuracy decreases due to the influence
of an S/N ratio, it is necessary to apply a predetermined amount or more of reflected
light to the image sensor 206. On the other hand, if the amount of reflected light
detected by the image sensor 206 is excessively large, the image sensor 206 is

saturated to result in a deterioration in measurement accuracy.
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[0033] In the present embodiment, since a single light source, that is, the one
irradiation unit 201 is placed for a plurality of measurement target locations, it is
necessary to adjust the amount of reflected light so as to meet the requirement for
S/N ratios at all measurement target locations and inhibit the image sensor 206 from
being saturated. First of all, the minimum amount of light with which an exposure
region of the substrate ST is irradiated is obtained so as to make the S/N ratio of the
amount of reflected light meet a predetermined threshold based on a reflectance in
each measurement target location. With this minimum amount of light, it is
confirmed that the image sensor 206 is not saturated at every measurement target
location.

[0034] In step S303, it is determined whether the amount of reflectance light has
been able to be adjusted to fall within a predetermined range with respect to every
default location. If the amount of reflectance light has not been able to be adjusted
to fall within the predetermined range with respect to every default location, the
process shifts to step S304. In contrast to this, if the amount of reflectance light has
been able to be adjusted to fall within the predetermined range with respect to every
default location, the process shifts to step S305.

[0035] In step S304, measurement target locations are set (changed) in a region
where the amount of reflected light detected by a detection unit 205 falls within a
predetermined range in an exposure region of the substrate ST based on the
reflectance information obtained in step S301. Note that in setting measurement
target locations, it is also possible to set a measurement target location by presenting
the user with a region where the amount of reflected light detected by the detection
unit 205 falls within a predetermined range or a measurement target location as a
candidate and following a user instruction (selection).

[0036] The setting of measurement target locations in step S304 will be described

with reference to Figs. 5A and 5B. For example, as shown in Fig. 5A, measurement
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target locations 411, 421, 431, and 441 are present on a wiring pattern 502 having
high reflectance. On the other hand, the reflectance decreases at a stepped location
501 such as a scribe line. In this case, the measurement target locations 411, 421,
431, and 441 present on the wiring pattern 502 are respectively shifted to
measurement target locations 411°, 421°, 431°, and 441’ in a region where the
amount of reflected light falls within a predetermined range. As shown in Fig. 5B,
this makes it possible to make the amounts of reflected light from the measurement
target locations 411°, 421°, 431’, and 441’ fall within a predetermined range so as
to obtain approximately the same amounts of reflected light from the measurement
target locations 413, 423, 433, and 443.

[0037] As shown in Fig. 5A, in general, the wiring pattern 502 and the stepped
location 501 such as a scribe line are often present in parallel with the X or Y
direction. The image sensor 206 having a plurality of pixels arranged two-
dimensionally has a region of interest (ROI) function and the like and hence
decreases in image read time depending on a read region or column count.
Accordingly, as shown in Fig. 5A, all the measurement target locations 411 to 441
present on the same column or row (on the same straight line parallel with the first
direction) are preferably shifted (changed) into a region (the measurement target
locations 411’ to 441’) where the amount of reflected light falls within a
predetermined range. In this case, all the measurement target locations 411 to 441
are preferably shifted in the parallel direction (the second direction intersecting the
first direction) and further preferably shifted in the parallel direction by the same
shift amounts as those of the measurement target locations 411 to 441. Note,
however, that any of the measurement target locations 411 to 441 at which the
amount of reflected light falls outside the predetermined range may be individually
shifted within a region where the amount of reflected light falls within the

predetermined range.
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[0038] In step S305, focus control is performed. More specifically, the
measurement unit 106 measures the height position of a measurement target
location (a default measurement target location or the measurement target location
set in step S304) in an exposure region of the substrate ST. At least the height or
inclination of the substrate stage 105 is controlled so as to match the exposure
region of the substrate ST with the imaging plane of the projection optical system
104 based on the measurement result obtained by the measurement unit 106. In
other words, the position of the substrate ST in the height direction (Z direction) of
the substrate ST held by the substrate stage 105 is adjusted.
[0039] In step S306, an exposure region of the substrate ST is exposed to light
through the original plate 103. With this operation, an image of the pattern of the
original plate 103 is transferred onto the exposure region (the photosensitive
material placed thereon) of the substrate ST.
[0040] Consider here a case where the inclination amount of an exposure region
of the substrate ST is obtained from measurement results (measured values) at a
plurality of measurement target locations in the exposure region of the substrate ST.
Assuming that measurement values at two measurement target locations are
respectively represented by Datal and Data2, and the distance between the two
measurement target locations is represented by L, the inclination amount of the
exposure region of the substrate ST is represented by equation (1) given below:
inclination amount = (Datal - Data2)/L ..(1)
[0041] Referring to equation (1), with a decrease in the distance L as a
measurement target location shifts (changes), the accuracy of the inclination
amount obtained from equation (1) decreases. Accordingly, in order to prevent a
decrease in inclination amount accuracy, the minimum value of the distance L
required is determined as follows.

[0042] Letting the measurement reproducibilities (standard deviations) of the
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measured values Datal and Data2 be A and B, respectively, a reproducibility ¢ of
an inclination amount is defined by equation (2) given below:

o = SQRT(A? + B?)/L (2)
[0043] The distance L satisfying inequality (3) given below may be obtained from
equation (2):

L > SQRT(A? + BY)/ocm .(3)
where om is the measurement reproducibility of an inclination amount allowed for
each of the measured values Datal and Data2.

[0044] As described above, in step S304, measurement target locations are
preferably set (changed) so as to make the distance L between measurement target
locations become a predetermined distance or more, that is, to satisfy equation (3).
[0045] Described so far is the case where measurement target locations are set
(shifted) in an exposure region of the substrate ST in consideration of the amount
of reflected light detected by the detection unit 205. However, a steep change in
reflectance may be a factor that affects the measurement accuracy. Accordingly, as
shown in Figs. 6A and 6B, if the change rate of reflectance at a measurement target
location exceeds a threshold, the measurement target location is preferably shifted
(changed). In this case, the change rate of reflectance with respect to a location
adjacent to each location in the exposure region of the substrate ST is obtained from
the reflectance information, a measurement target location is set in a region where
the change rate is equal to or less than a threshold.

[0046] For example, as shown in Fig. 6A, measurement target locations 602 and
603 are preset on a stepped location 601 such as a circuit pattern. Fig. 6B shows
the distribution of reflectances on a sectional surface CA shown in Fig. 6A.
Referring to Fig. 6B, although the reflectance itself is not excessively high or low
at each of the measurement target locations 602 and 603, the reflectance steeply

changes due to the influence of the stepped location 601. Accordingly, the
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measurement target locations 602 and 603 where the reflectance change rates
exceed a threshold are shifted to measurement target locations 602’ and 603’ in a
region where the reflectance change rates are equal to or less than the threshold.
This makes it possible to accurately measure the height position of each
measurement target location in the exposure region of the substrate ST.

[0047] Measurement processing and exposure processing to be performed from
the viewpoint of reflectance change rate at a location adjacent to each location in
an exposure region of the substrate ST will be described with reference to Fig. 7.
In step S701, reflectance information concerning the distribution of reflectances in
the exposure region (measurement region) of the substrate ST is obtained as in step
S301. Instep S702, a reflectance change rate at a location adjacent to each location
in the exposure region of the substrate ST is obtained from the reflectance
information obtained in step S701. In step S703, it is determined, based on the
reflectance ranges obtained in step S702, whether the reflectance change rate at
each of a plurality of locations (default locations) set as default measurement target
locations in the exposure region of the substrate ST exceeds a threshold. If the
reflectance change rate at each of the plurality of default locations exceeds the
threshold, the process shifts to step S704. In step S704, as described with reference
to Figs. 6A and 6B, measurement target locations are set (changed) in a region
where the reflectance change rates are equal to or less than the threshold in the
exposure region of the substrate ST. It is also possible to present the user with a
region where the reflectance change rates are equal to or less than the threshold or
a measurement target location as a candidate and set a measurement target location
in accordance with a user instruction (selection). In contrast to this, if the
reflectance change rates at a plurality of default locations are equal to or less than
the threshold, the process shifts to step S705. Since steps S705 and S706 are the

same as steps S305 and S306, a detailed description of them will be omitted.
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[0048] The present embodiment has exemplified the measurement processing and
the exposure processing with reference to Figs. 3 and 7 from the viewpoint of the
amount of reflected light detected by the detection unit 205 and the reflectance
change rate with respect to a location adjacent to each location in the exposure
region of the substrate ST. Note, however, that the measurement processing and
the exposure processing shown in Fig. 3 and the measurement processing and the
exposure processing shown in Fig. 7 can be combined with each other. For example,
after measurement target locations are set from the viewpoint of the amount of
reflected light, measurement target locations may be set again from the viewpoint
of reflectance change rate.

<Second Embodiment>
[0049] Measurement processing and exposure processing according to the second
embodiment will be described with reference to Fig. 8. Since step S805 is the same
as step S306, a detailed description thereof will be omitted.
[0050] In step S801, reflectance information concerning the distribution of
reflectances in an exposure region (measurement region) of a substrate ST is
obtained as in step S301. In step S802, a plurality of measurement target locations
set as default locations in the exposure region of the substrate ST are respectively
classified into a plurality of groups (the measurement target locations are grouped)
according to the reflectances based on the reflectance information obtained in step
S801.
[0051] The grouping of the measurement target locations will be described in detail
with reference to Figs. 9A and 9B. For example, as shown in Fig. 9A, a
measurement target location 911 is present on a wiring pattern 502, and
measurement target locations 912 and 922 are present on a stepped location 501.
Note that measurement target locations 913, 921, and 923 are present in a region

without the wiring pattern 502 and the stepped location 501. In this case, as shown
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in Fig. 9B, the measurement target location 911 is classified as the first group, the
measurement target locations 912 and 922 are classified as the second group, and
the measurement target locations 913, 921, and 923 are classified as the third group
in accordance with the reflectances in an exposure region of the substrate ST.
[0052] In step S803, the amount of light with which an exposure region of the
substrate ST is irradiated is adjusted to make the amount of reflected light detected
by a detection unit 205 at a measurement target location belonging to each of a
plurality of groups classified in step S802, that is, each group fall within a
predetermined range.

[0053] In step S804, focus control is performed. More specifically, the height
position of a measurement target location in the exposure region is calculated by a
measurement unit 106 while the exposure region of the substrate ST is irradiated
with the amount of light adjusted in step S803 for each group, that is, in the order
of the first group, the second group, and the third group. At least the height or
inclination of a substrate stage 105 is controlled so as to match the exposure region
of the substrate ST with the imaging plane of a projection optical system 104 based
on the measurement result obtained by the measurement unit 106.

[0054] The measurement processing and the exposure processing according to the
present embodiment are suitable for a case where the reflectance differences in an
exposure region of the substrate ST are large in subsequent steps and it is difficult
to obtain a necessary amount of reflected light at once using a single light source.
[0055] A method of manufacturing an article according to the embodiment of the
present disclosure is suitable for manufacturing an article such as a flat panel display,
a liquid crystal display element, a semiconductor device, a MEMS or the like. This
method of manufacturing includes a step of exposing a substrate coated with a
photosensitive agent by using the above-described exposure apparatus 1 (exposure

method) and a step of developing the exposed photosensitive agent. An etching
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step and an ion implantation step are performed on the substrate by using the pattern
of the developed photosensitive agent as a mask, thereby forming a circuit pattern
on the substrate. By repeating the steps such as these exposure, development, and
etching steps, a circuit pattern formed from a plurality of layers is formed on the
substrate. In a subsequent step, dicing (processing) is performed on the substrate
on which the circuit pattern has been formed, and mounting, bonding, and
inspection steps of a chip are performed. The method of manufacturing can further
include other known steps (oxidation, deposition, vapor deposition, doping,
planarization, resist removal, and the like). The method of manufacturing the article
according to this embodiment is superior to the conventional method in at least one
of the performance, quality, productivity, and production cost of the article.

[0056] While the present disclosure has been described with reference to
exemplary embodiments, it is to be understood that the disclosure is not limited to
the disclosed exemplary embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all such modifications and

equivalent structures and functions.

-17 -



10

15

20

25

WHAT IS CLAIMED IS:

1. A measurement method of measuring a height position of a measurement
region by irradiating the measurement region with light and detecting reflected light
from the measurement region with a sensor, the method comprising:

obtaining information concerning a distribution of reflectances in the
measurement region; and

setting a measurement target location in a region where the amount of
reflected light detected by the sensor falls within a predetermined range in the

measurement region based on the information.

2. The method according to claim 1, wherein in the setting, the measurement
target location is set by changing a location, of a plurality of locations set as default
measurement target locations in the measurement region, in which the amount of
reflected light detected by the sensor falls outside the predetermined range to a
location in a region where the amount of reflected light detected by the sensor falls

within the predetermined range.

3. The method according to claim 2, wherein the plurality of locations include
a plurality of first locations present on the same straight line parallel to a first
direction, and

in a case where the plurality of first locations include a location at which the
amount of reflected light detected by the sensor falls outside the predetermined
range, in the setting, all the plurality of first locations are changed to locations in a
region where the amount of reflected light detected by the sensor falls within a

predetermined range.
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4. The method according to claim 3, wherein in the setting, all the plurality of
first locations are shifted to locations in a region where the amount of reflected light
detected by the sensor falls within a predetermined range by being shifted in a

second direction intersecting the first direction.

5. The method according to claim 4, wherein in the setting, each of the

plurality of first locations is shifted in the second direction by the same shift amount.

6. The method according to claim 2, wherein in the setting, the measurement
target location is set so as to make a distance between the measurement target

locations become not less than a predetermined distance.

7. The method according to claim 2, further comprising adjusting an amount
of light with which the measurement region is irradiated so as to make the amount
of reflected light detected by the sensor at each of the plurality of locations fall
within the predetermined range based on the information,

wherein the setting is performed in a case where the plurality of locations
include a location at which the amount of reflected light detected by the sensor falls

outside the predetermined range even after the adjusting.

8. The method according to claim 1, further comprising: after the setting
obtaining a reflectance change rate at a location adjacent to each location in
the measurement region from the information; and
resetting the measurement target location in a region where the change rate

is not more than a threshold.

9. The method according to claim 1, wherein the sensor is an oblique incidence
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focus sensor configured to obliquely irradiate the measurement region with light.

10.  The method according to claim 1, wherein in the obtaining, the information

output from the sensor is obtained.

11. The method according to claim 1, wherein light with which the

measurement region is irradiated is light from a single light source.

12. A measurement method of measuring a height position of a measurement
region by irradiating the measurement region with light and detecting reflected light
from the measurement region with a sensor, the method comprising:

obtaining information concerning a distribution of reflectances in the
measurement region;

obtaining a reflectance change rate at a location adjacent to each location in
the measurement region from the information; and

setting a measurement target location in a region where the change rate is

not more than a threshold in the measurement region.

13. A measurement method of measuring a height position of a measurement
region by irradiating the measurement region with light and detecting reflected light
from the measurement region with a sensor, the method comprising:

obtaining information concerning a distribution of reflectances in the
measurement region;

classifying each of a plurality of measurement target locations set as default
locations in the measurement region to any one of a plurality of groups according
to the reflectance based on the information; and

adjusting, for each of the plurality of groups, an amount of light with which
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the measurement region is irradiated so as to make the amount of reflected light
detected by the sensor at a measurement target location belonging to the group fall

within a predetermined range.

14. A measurement apparatus that measures a height position of a measurement
region, the apparatus comprising:

a measurement unit configured to measure a height position of the
measurement region by irradiating the measurement region with light and detecting
reflected light from the measurement region with a sensor; and

a control unit configured to control the measurement unit,

wherein the control unit obtains information concerning a distribution of
reflectances in the measurement region and sets a measurement target location in a
region where the amount of reflected light detected by the sensor falls within a

predetermined range in the measurement region based on the information.

15.  An exposure method of exposing a substrate to light, the method
comprising:

measuring a height position of a measurement region by irradiating a
measurement region of the substrate with light and detecting reflected light from
the measurement region with a sensor; and

exposing the substrate to light while adjusting a position of the substrate in
a height direction based on the height position,

wherein the measuring the height position includes

obtaining information concerning a distribution of reflectances in the
measurement region, and

setting a measurement target location in a region where the amount of

reflected light detected by the sensor falls within a predetermined range in the
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measurement region based on the information.

16.  An exposure apparatus that exposes a substrate to light, the apparatus
comprising:

a measurement apparatus defined in claim 14 and configured to measure a
height position of a measurement region of the substrate; and

a processing unit configured to expose the substrate to light while adjusting

a position of the substrate in a height direction based on the height position.

17.  Anarticle manufacturing method comprising:
exposing a substrate using an exposure method defined in claim 15;
developing the substrate exposed; and

manufacturing an article from the substrate developed.
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