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Provided Is a microscope that can acquire a high precision hyperspectral image, comprising a light source, an illumination optical
system, an image forming optical system, an imaging unit, a spectrometer, a stage, a drive unit, and a control unit. The illumination
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(57) Abrege(suite)/Abstract(continued):

optical system condenses illuminating light in a wavelength band included in the near-infrared region output by the light source at a
ight condensing angle (6) and illuminates an object to be observed. The image forming optical system forms an image on the basis
of transmitted scattered light arising at an object to be observed by means of the illumination of the object to be observed with the
lluminating light. The sine (sin O) is set to a value that does not exceed the numerical aperture of an objective lens which the
transmitted scattered light from the object to be observed enters.
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ABSTRACT

A microscope that makes it possible to acquire a hyperspectral image with high data
precision includes a light source, an illumination optical system, an image-forming optical
system, an imaging unit, a spectroscope, a stage, a drive unit, and a control unit. The
illumination optical system converges, at a converging angle 6, illuminating light in a
wavelength band included in the near-infrared region output from the light source, and
emits the converged illuminating light onto the object being observed. The image-
forming optical system forms an image based on transmitted and scattered light generated

by the observed object by emission of the illuminating light onto the observed object.
The sin 0 is set to a value that does not exceed the numerical aperture of an objective lens

that receives the transmitted and scattered light from the observed object.
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DESCRIPTION

MICROSCOPE

Technical Field

[0001] The present invention relates to a microscope.

Background Art

[0002] To observe an object, illuminating light output from a light source 1s emitted
onto the object by an illumination optical system, an image of the object is formed by an
image-forming optical system including an objective lens that receives transmitted and
scattered light generated by the object, and the image is acquired by an imaging unit to

enable observation based on the acquired image (see JP H10-20198A).

[0003] [n particular, if the object being observed is a living tissue (cell), a cell 1s
transparent in the visible region, and thus illuminating light in the near-infrared region can
be suitably used (see JP H10-20198A and JP 2012-98181A). It is also possible to acquire
a hyperspectral image having the spectral information of transmitted and scattered light
generated at various positions in the object, and analyze the object based on this
hyperspectral image (see JP 2012-98181A). Further, it is possible to perform background
measurement with no observed object placed to determine the overall wavelength

dependence including the output spectrum of the light source, the transmission spectra of
the illumination and image-forming optical systems, and the sensitivity spectrum of the
imaging unit, and correct the spectral information of various positions in the hyperspectral

image of the object based on the determined wavelength dependence.

Summary of Invention

Technical Problem

[0004] [t is an object of the present invention to provide a microscope that makes it
possible to obtain a hyperspectral image with high data precision while reducing thermal

damage to the object being observed.
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Solution to Problem

[0005] A microscope according to the present invention includes (1) a light source
configured to output illuminating light in a wavelength band included in a near-infrared
region, (2) an illumination optical system configured to converge the illuminating light at a
converging angle 6 and to emit the illuminating light onto an observed object, (3) an
image-forming optical system including an objective lens having a numerical aperture
equal to or greater than the sine of the converging angle 0, the objective lens being
configured to receive transmitted and scattered light generated by the observed object by
emission of the illuminating light onto the observed object, and the image-forming optical
system being configured to form an image based on the transmitted and scattered light
received by the objective lens, (4) an imaging unit configured to acquire the image, (5) a
spectroscopic unit located between the light source and the imaging unit and configured to
disperse the illuminating light or the transmitted and scattered light into a plurality of
wavelength components, and (6) a calculating unit configured, based on the image, to
calculate the intensities of a plurality of wavelength components of the transmitted and

scattered light generated at a plurality of positions in the observed object.

[0006] A microscope according to another aspect of the present invention includes (1)
a light source configured to output illuminating light in a wavelength band included in a
near-infrared region, (2) an illumination optical system configured to converge the
illuminating light and to emit the illuminating light onto an observed object, (3) an image-
forming optical system including an objective lens configured to receive transmitted and
scattered light generated by the observed object by emission of the illuminating light onto
the observed object, the image-forming optical system having, at the focal position of the
objective lens, a width of field of view equal to or greater than the beam diameter of the
illuminating light output by the illumination optical system, the image-forming optical
system being configured to form an image based on the transmitted and scattered light
received by the objective lens, (4) an imaging unit configured to acquire the image, (5) a
spectroscopic unit located between the light source and the imaging unit and configured to
disperse the illuminating light or the transmitted and scattered light into a plurality of
wavelength components, and (6) a calculating unit contigure, based on the image, to
calculate the intensities of a plurality of wavelength components of the transmitted and

scattered light generated at a plurality of positions in the observed object.  As used herein,
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the term "near-infrared region" refers to a wavelength range of 0.7 pm to 2.5 pm. In this
regard, let E be the irradiance of illuminating light in one plane perpendicular to the optical
axis of the illumination optical system, and Emax be its maximum value, the diameter of a
circle circumscribing an area in the plane where E/Emax is equal to or greater than 0.1 1s

defined as the "beam diameter of illuminating light" in the plane.

[0007] In the microscope according to the present invention, the illumination optical
system may emit the illuminating light onto the observed object from above the observed
object, and the objective lens may be disposed below the observed object. The
illumination optical system may be configured to increase the amount of the illuminating
light during observation of the observed object relative to the amount of the illuminating
light during background measurement, the illuminating light illuminating the observed
object during the observation, and the calculating unit may include a storage device
configured to store correction data used to correct the difference in the spectrum of the
illuminating light between during observation and during background measurement, and
may be configured to correct the intensities of the wavelength components based on the
correction data. The light source or the illumination optical system may be configured to

selectively emit the illuminating light onto the observed object during the exposure period

of the imaging unit.

[0008] The illumination optical system may include a cylindrical lens that converges
the illuminating light onto an area of the object that is elongated in a specific direction, or a
slit to restrict an area of the observed object illuminated with the illuminating light to an
area elongated in a specific direction, the spectroscopic unit may be contigured to disperse
the transmitted and scattered light in a direction perpendicular to the specitic direction, and
the imaging unit may be configured to acquire the intensities of a plurality of wavelength
components of the transmitted and scattered light generated at a plurality of positions in the
observed object along the specific direction. The illumination optical system may be

configured to selectively emit the illuminating light onto the object in a wavelength band to

which the imaging unit has sensitivity.

Advantageous Effects of Invention

[0009] The present invention makes it possible to obtain a hyperspectral image with

high data precision.



CA 02957004 2017-02-01

Briet Description of Drawings

(0010] Figure 1 is a conceptual diagram of a microscope apparatus according to a first

embodiment.

[0011] Figure 2 1s a conceptual diagram of a microscope apparatus according to a

second embodiment.

[0012] Figure 3 is a conceptual diagram of a microscope apparatus according to a third

embodiment.

[0013] Figure 4 is a conceptual diagram illustrating a light converging angle 6 of an

illumination optical system.

[0014] Figure 5 1s a conceptual diagram of a container used for observing an object

with the object being immersed 1n a culture solution.

Description of Embodiments

[0015] Embodiments of the present invention will be described below in detail with
reference to the attached drawings. In the following description of the drawings, same
clements are denoted by the 1dentical reference signs to avoid repetitive description. It is
intended that the present invention is not limited to these illustrated embodiments but
defined by the claims, and encompasses all modifications and variations equivalent in

meaning and scope to the claims.

[0016] Consider a case in which illuminating light is emitted as parallel light onto the
object being observed to obtain an image of the object. In this case, the intensity of the
transmitted and scattered light that reaches an imaging unit from the observed object
decreases during observation of the object relative to that during background measurement,
resulting in reduced data precision of the image of the object. In the case of obtaining a
hyperspectral image of an object, in particular, the intensities of various wavelength
components of the transmitted and scattered light generated at various positions in the

object decrease even further, which further reduces the data precision of the resulting

hyperspectral image.

[0017] A concelvable solution to this problem would be to converge illuminating light

at a converging angle 6 onto the object by use of the illumination optical system during



CA 02957004 2017-02-01

observation of the object. This configuration increases the intensities of various
wavelength components of the transmitted and scattered light generated at various
positions in the object, and is thus expected to greatly improve the data precision of the
resulting hyperspectral image. However, the following problem occurs if the sin©
exceeds the numerical aperture of the objective lens. Generally, a lens used to converge
light is provided with a coating such as an anti-reflective coating.  Since a different angle
of incidence on the anti-reflective coating results in a different wavelength dependence of
the anti-reflection effect, the spectrum of converged illuminating light depends on the light
converging angle. The greater the light converging angle, the greater the resulting
difference in spectrum. Thus, if illuminating light illuminates a scatterer at a converging
angle exceeding the numerical aperture of the objective lens, then illuminating light with a
spectrum different from that during background measurement is transmitted and measured

through the specimen. This can often hinder improvement in the data precision of the

resulting image.

[0018] [f illuminating light is converged and emitted onto an object by the illumination
optical system during observation of the object, this increases the density of illuminating
light, which represents the amount of illuminating light applied per unit area of the object,
thus enabling an improvement in measurement accuracy. At this time, increasing the
magnification of observation causes the density of light reaching the imaging device to
decrease in inverse proportion to the square of the magnification, resulting in a
corresponding decrease in measurement accuracy. [f the output of the illuminating light
source is increased in an attempt to maintain measurement accuracy when observation at
higher magnifications is required, such as during cell observation, this causes the
observation object to be exposed to intense illuminating light for an extended period of

time, resulting in significant thermal damage to the object.

First Embodiment

[0019] Figure 1 is a conceptual diagram of a microscope 1 according to a first
embodiment. An observed object (object) 90, which is an object to be observed with the
microscope 1, is a cell, for example. The object 90 is put in a container together with a

culture solution, and placed on a stage 60.
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[0020] A light source 10 outputs illuminating light in a wavelength band included in
the near-infrared region. The light source 10 used preferably has output intensity over a
board band. Preferred examples of the light source 10 include a halogen lamp, a xenon

lamp, and a supercontinuum light source (SC light source).

[0021] An illumination optical system 20 converges the light output from the light
source 10 onto the object 90. The illumination optical system 20 includes a condenser
lens 21 and a slit 22. The condenser lens 21 converges the illuminating light output from
the light source 10, and directs the converged illuminating light into the slit 22.  The slit
22 has an opening elongated in a specific direction. The slit 22 is used to direct a portion
of the illuminating light from the condenser lens 21 that passes through the opening onto
the object 90. This configuration allows the illumination optical system 20 to emit

illuminating light onto an area of the object 90 that is elongated in a specific direction.

[0022] The illumination optical system 20 is preferably designed so that the
converging position of light is not located in the object 90 but above or below the object 90
in order to prevent the shape of the light source 10 or other features from being reflected in
the imaging unit 40. More preferably, the converging position of the illuminating light is
located on the same side as the light source 10 with respect to the object 90, as this
minimizes a decrease in the amount of illuminating light illuminating the object 90 in

comparison to that during background measurement.

[0023] An image-forming optical system 30 forms an image based on the transmitted

and scattered light generated by the object 90 by the emission of illuminating light onto the

object 90. The image-forming optical system 30 includes an objective lens 31 and an
imaging lens 32. The objective lens 31 receives the transmitted and scattered light
generated by the object 90 by the emission of illuminating light onto the object 90. The
imaging lens 32 acts in conjunction with the objective lens 31 to form an image based on
the transmitted and scattered light received by the objective lens 31.  Since the slit 22 has
an opening that is elongated in a specific direction, the image formed by the image-

forming optical system 30 is also elongated in the specific direction.

[0024] A spectroscope 51 receives the image elongated in a specific direction that is

formed by the image-forming optical system 30, and disperses the transmitted and
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scattered light in a direction perpendicular to the specific direction. The spectroscope 51

includes a spectroscopic element such as a prism or a grism.

[0025] An imaging unit 40 acquires the intensities of various wavelength components
of transmitted and scattered light generated at various positions along the specific direction
in the object 90. The imaging unit 40 may be any camera or other devices with sensitivity
in the near-infrared band. A preferred example of the imaging unit 40 is a camera with a
two-dimensional element such as InGaAs or HgCdTe. The image acquired by the
imaging unit 40 indicates a position on the object 90 with respect to the specitic direction,

and indicates wavelength with respect to a direction perpendicular to the specific direction.

10026] The stage 60 is a component on which a container containing a cell, which 1s
the object 90, and a culture solution is placed. The stage 60 is driven by a drive unit 61,
and movable in two directions perpendicular to the optical axis of the objective lens 31.

The stage 60 is also movable in a direction parallel to the optical axis of the objective lens

31.

[0027] A control unit 70 controls how the drive unit 61 moves the stage 60, and
controls how the imaging unit 40 acquires an image. In particular, the control unit 70
causes the stage 60 to move in a direction perpendicular to both the optical axis of the
objective lens 31 and the specific direction mentioned above, and also causes the imaging

unit 40 to acquire images at various positions as the stage 60 is moved.

[0028] A calculating unit 80 calculates the intensities of various wavelength
components based on the image acquired by the imaging unit 40, the positional
information obtained by the control unit 70, and the wavelength information ot a
spectroscopic instrument acquired in advance. As a result, a hyperspectral image of the
object 90 can be acquired. Further, the calculating unit 80 may include a storage device

to store correction data. This enables various kinds of corrections, tor example,

correction of the difference in the spectrum of illuminating light between during

observation and during background measurement.

[0029] The light source 10 or the illumination optical system 20 preferably includes a
shutter to selectively allow and block passage of illuminating light to the object 90. The
light source 10 or the illumination optical system 20 also preferably includes an ND filter

to regulate the amount of illuminating light illuminating the object 90. The control unit
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70 adjusts the shutter or the ND filter to control the emission of 1lluminating light with the
illumination optical system 20. In another preferred configuration, the control unit 70
synchronizes the opening and closing action of the shutter with the imaging action of the
imaging unit 40 so that illuminating light selectively illuminates the object 90 during the

exposure period of the imaging unit 40.

[0030] [f illuminating light is converged and emitted onto the object 90 by the
illumination optical system 20 during observation of an object, the intensities of the
wavelength components of transmitted and scattered light generated at various positions in
the object 90 increase. Thus, this configuration is expected to greatly improve the data
precision of the resulting hyperspectral image. Further, the area in the focal plane of the
objective lens that is illuminated with illuminating light preferably has a maximum length
not greater than five times the width of tield of view as this ensures less thermal damage to
the specimen. However, if the converging angle at which the illumination optical system
20 illuminates the object 90 with illuminating light is too large, this causes the distance
between the illumination optical system 20 and the object 90 to decrease, resulting in
increased risk of physical interference between the illumination optical system 20 and the
container. This also causes a large amount of spectral information of the container or

culture solution to be contained in the spectral information of the resulting hyperspectral

image.

[0031] Accordingly, in the first embodiment, the sinO, where O 1s the converging angle

at which the illumination optical system 20 illuminates the object 90 with illuminating

light, is set to a value that does not exceed the numerical aperture of the objective lens 31.
This configuration prevents an amount of illuminating light exceeding the numerical
aperture of the objective lens, which does not enter the imaging unit during background
measurement, from being scattered within the specimen and entering the imaging unit to
mix into the measurement data. This allows a hyperspectral image with high data
precision to be obtained. As illustrated in Figure 4, let E be the radiant ntensity of

illuminating light in one plane perpendicular to the optical axis of the illumination optical
system, and Emax be its maximum value, the converging angle 6 is defined as 1/2 of the

angle at which the bundle of rays passing through an area in the plane where E/Emax is

equal to or greater than 0.1 converges.
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[0032] To acquire a hyperspectral image by use of the transmission arrangement in
related art, during background measurement, the measurement is performed with a gap left
or with only the container placed. The amount of light received in this case thus increases
relative to the amount of light received during observation. This makes it impossible to
perform appropriately setting of values such as dynamic range and the amount of
illuminating light for specimen measurement. A simple solution would be to change the
output of the light source 10 between during background measurement and during

specimen observation. However, this may also cause the light source spectrum to be

altered.

[0033] Accordingly, in a preferred implementation of the first embodiment, the
amount of light illuminating the object 90 from the illumination optical system 20 during
observation of the object 90 is increased relative to that during background measurement
without changing the output of the light source 10, thus correcting the ditierence in the
spectrum of illuminating light between during observation and during background
measurement.  Specifically, this is performed as follows. An ND filter with as little
wavelength characteristics as possible is used to measure the transmission wavelength
characteristics of the ND filter in advance, and the resulting transmission spectrum data is
registered. At the same time, the difference in the amount of illuminating light and
illuminating light spectrum between during background measurement and during specimen
observation is corrected. If an ND filter is not used, data on spectral variations with

changes in the output of the light source 10 is acquired in advance, and this spectrum data

is registered. At the same time, the difference in the amount of illuminating light and
illuminating light spectrum between during background measurement and during specimen

observation is corrected.

[0034] In the first embodiment, the illumination optical system 20 preferably directs
illuminating light by use of the slit 22 onto an area of the object 90 that is elongated in a

specific direction. Directing illuminating light onto only a limited area of the object 90 in

this way allows for reduced thermal damage to the object 90. For example, suppose that
the sina,, where a is the converging angle of illuminating light with respect to the
longitudinal direction (specific direction) of the opening of the slit 22, 1s 0.1, the sinf3,
where B is the converging angle of illuminating light with respect to the width direction

perpendicular to the specific direction of the slit 22, is 0.02, and the NA of the objective
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lens 31 is 0.15. In this case, although the illuminating light is not reduced by the slit 22,
the area of the object 90 illuminated with the illuminating light is generally restricted to
about 1/5. This means that if measurement is performed while scanning the object 90,

thermal damage to the object 90 can be also generally reduced to about 1/5.

[0035] In the first embodiment, the illumination optical system 20 preferably emits
illuminating light onto the object 90 selectively during the exposure period of the imaging
unit 40. Specifically, the illumination optical system 20 preferably includes means for
shutting off illuminating light at high speed, such as opening/closing of a shutter or
rotation of a polarizing plate, or a light source capable of being turned ON/OFF in short
time, such as an LED. In this way, the object 90 is not illuminated with illuminating light
at times other than the exposure period of the imaging unit 40, and is illuminated with

illuminating light only while imaging is performed. This makes it possible to reduce

thermal damage to the object 90.

[0036] In a preferred implementation of the first embodiment, the illumination optical
system 20 selectively emits illuminating light onto the object 90 in a wavelength band to
which the imaging unit 40 has sensitivity, by use of a wavelength filter 24. This ensures
that the object 90 is not irradiated with light in a band of wavelengths not contributing to

observation, thus allowing for reduced thermal damage to the object 90.

Second Embodiment

[0037] Figure 2 is a conceptual diagram of a microscope 2 according to a second

embodiment. The microscope 2 differs from the microscope 1 in the following respects:

the microscope 2 includes a spectral filter 52 instead of the spectroscope 51, and the

illumination optical system 20 does not include the slit 22.

[0038] The spectral filter 52 is placed in the optical path between the condenser lens
21 and the object 90. The spectral filter 52 sequentially passes selected wavelength
components of the illuminating light output from the light source 10, and directs the
selected wavelength components of the illuminating light onto the object 90.  An acousto-

optic element filter or other filters may be used instead of a spectral filter.

[0039] The control unit 70 controls the wavelength-selecting action of the spectral
filter 52 and the imaging action of the imaging unit 40 to be synchronized with each other.

That is, the control unit 70 causes the imaging unit 40 to acquire an image of the object 90
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formed by the image-forming optical system 30, while various wavelengths of illuminating
light are directed onto the object 90 by the spectral filter 52.  As a result, a hyperspectral

image of the object 90 can be acquired.

[0040] In the second embodiment as well, the sinG, where 0 is the converging angle at
which the illumination optical system 20 illuminates the object 90 with illuminating light,
is set to a value that does not exceed the numerical aperture of the objective lens 31. This

configuration allows a hyperspectral image with high data precision to be acquired.

[0041] In the second embodiment as well, preferably, the amount of light emitted onto
the object 90 by the illumination optical system 20 during observation of the object 90 is
increased relative to that during background measurement, thus correcting the difference in
the spectrum of illuminating light between during observation and during background
measurement. The illumination optical system 20 preferably emits illuminating light onto
the object 90 selectively during the exposure period of the imaging unit 40.  Further,
preferably, the illumination optical system 20 selectively emits illuminating light onto the

object 90 in a wavelength band to which the imaging unit 40 has sensitivity.

Third Embodiment

[0042] Figure 3 is a conceptual diagram of a microscope 3 according to a third
embodiment. The microscope 3 differs from the microscope 1 in the tollowing respects:
the microscope 3 is an inverted configuration instead of an upright configuration, and the

illumination optical system 20 includes a cylindrical lens 23 instead of the slit 22.

[0043] The illumination optical system 20 includes the condenser lens 21 and the
cylindrical lens 23. The condenser lens 21 converges the illuminating light output from
the light source 10, and directs the illuminating light into the cylindrical lens 23.  The
cylindrical lens 23 converges the illuminating light reaching the cylindrical lens 23 from

the condenser lens 21 with respect to only one direction, and directs the converged
illuminating light onto the object 90. This configuration allows the illumination optical

system 20 to emit illuminating light onto an area of the object 90 that 1s elongated in a

specific direction.

[0044] The control unit 70 controls how the drive unit 61 moves the stage 60, and
controls how the imaging unit 40 acquires an image. In particular, the control unit 70

causes the stage 60 to move in a direction perpendicular to both the optical axis of the



CA 02957004 2017-02-01

12

objective lens 31 and the specific direction mentioned above, and also causes the imaging
unit 40 to acquire images at various positions as the stage 60 is moved. As a result, a

hyperspectral image of the object 90 can be acquired.

[0045] In the third embodiment as well, the sinB, where O 1s the converging angle at
which the illumination optical system 20 illuminates the object 90 with illuminating light,
is set to a value that does not exceed the numerical aperture of the objective lens 31. This

configuration allows a hyperspectral image with high data precision to be acquired.

[0046] In the third embodiment as well, preferably, the amount of light emitted onto
the object 90 by the illumination optical system 20 during observation of the object 90 is
increased relative to that during background measurement, thus correcting the difference in
the spectrum of illuminating light between during observation and during background
measurement. The illumination optical system 20 preferably emits illuminating light onto
the object 90 selectively during the exposure period of the imaging unit 40.  Further,
preferably, the illumination optical system 20 selectively emits illuminating light onto the

object 90 in a wavelength band to which the imaging unit 40 has sensitivity.

[0047] The microscope 3 according to the third embodiment has an inverted
configuration. That is, the illumination optical system 20 emits illuminating light onto
the object 90 from above the object 90, and the objective lens 31 is placed below the object
90. In the case of the upright configuration illustrated in Figures 1 and 2, ot the object
(cell) 90 and the culture solution, the illuminating light emitted from below enters the
object 90 first. By contrast, in the case of the inverted configuration illustrated in Figure
3, of the object 90 and the culture solution, the illuminating light emitted from above enters
the culture solution first. Thus, in the case of the inverted configuration, illuminating
light illuminates the cell, which is the object 90, after wavelength components hazardous to

the culture solution and the cell containing water as a main component are attenuated.

This allows for reduced thermal damage to the object 90.

Fourth Embodiment

[0048] Figure 5 is a conceptual diagram of a container 92 used for observing the object
90 with the object 90 immersed in a culture solution 91.  When the object 90 is to be
observed with the object 90 held in the container 92 in the case of the inverted

configuration described above with reference to the third embodiment, if the converging
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angle of illuminating light does not exceed § that satisfies the relation: sinf = r/(r?+h?)!/2
where r 1s the radius of the largest circle that fits inside the top opening of the container 92
and h is the height inside the container 92, this reduces the possibility of mixing-in of the
spectra of the side faces of the container 92, thus allowing for improved measurement
accuracy. Provided that a specimen size 2a is known, if the converging angle of
illuminating light does not exceed y that satisfies the relation: siny =(r-a)/((r-a)>+h2)'2, this
reduces the possibility of mixing-in of the spectra of the side faces of the container 92, thus

allowing for improved measurement accuracy.

Modifications

[0049] The present invention is not limited to the embodiments mentioned above but
capable of various modifications. Although the first and third embodiments are directed
to a case in which wavelength information is directly acquired with respect to the spatial
direction, and the second embodiment is directed to a case in which wavelength
information is directly acquired with respect to the temporal direction, the present
invention may be modified to first obtain an interferogram, which is a Fourier transform of

wavelength information, and then perform a Fourier transform to obtain wavelength

information.
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CLAIMS

. A microscope comprising:

a light source configured to output illuminating light in a wavelength band included
in a near-infrared region;

an illumination optical system configured to converge the illuminating light at a
converging angle 0 and to emit the illuminating light onto an observed object;

an image-forming optical system including an objective lens having a numerical
aperture equal to or greater than a sine of the converging angle 6, the objective lens being
configured to receive transmitted and scattered light generated by the observed object by
emission of the illuminating light onto the observed object, and the image-forming optical
system being configured to form an image based on the transmitted and scattered light
received by the objective lens;

an imaging unit configured to acquire the image;

a spectroscopic unit located between the light source and the imaging unit and
configured to disperse the illuminating light or the transmitted and scattered light into a
plurality of wavelength components; and

a calculating unit configured, based on the image, to calculate intensities of a
plurality of wavelength components of the transmitted and scattered light generated at a

plurality of positions in the observed object.

2. A microscope comprising;:

a light source configured to output illuminating light in a wavelength band included
in a near-infrared region;

an illumination optical system configured to converge the illuminating light and to

emit the illuminating light onto an observed object;

an image-forming optical system including an objective lens contigured to receive
transmitted and scattered light generated by the observed object by emission of the
illuminating light onto the observed object, the image-tforming optical system having, at a
focal position of the objective lens, a width of field of view equal to or greater than a beam
diameter of the illuminating light output by the illumination optical system, the image-
forming optical system being configured to form an image based on the transmitted and
scattered light received by the objective lens;

an imaging unit configured to acquire the image;
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a spectroscopic unit located between the light source and the imaging unit and
configured to disperse the illuminating light or the transmitted and scattered light into a
plurality of wavelength components; and

a calculating unit configured, based on the image, to calculate intensities of a

plurality of wavelength components of the transmitted and scattered light generated at a

plurality of positions in the observed object.

3. The microscope according to claim 1 or 2,

wherein the illumination optical system emits the illuminating light onto the

observed object from above the observed object, and

wherein the objective lens is disposed below the observed object.

4. The microscope according to any one of claims 1 to 3,

wherein the illumination optical system is configured to increase an amount of the
illuminating light during observation of the observed object relative to an amount of the
illuminating light during background measurement, the illuminating light illuminating the
observed object during the observation, and

wherein the calculating unit includes a storage device configured to store correction
data used to correct a difference in spectrum of the illuminating light between during
observation and during background measurement and to correct the intensities of the

wavelength components based on the correction data.

5. The microscope according to any one of claims 1 to 4,

wherein the light source or the illumination optical system is contigured to

selectively emit the illuminating light onto the observed object during an exposure period

of the imaging unit.

6. The microscope according to any one of claims 1 to 5,

wherein the illumination optical system includes a cylindrical lens that converges
the illuminating light onto an area of the observed object that is elongated in a specific
direction,

wherein the spectroscopic unit is configured to disperse the transmitted and
scattered light in a direction perpendicular to the specific direction, and

wherein the imaging unit is configured to acquire intensities of a plurality of
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wavelength components of the transmitted and scattered light generated at a plurality of

positions in the observed object along the specific direction.

7. The microscope according to any one of claims 1 to 5,

wherein the illumination optical system includes a slit to restrict an area of the
observed object illuminated with the illuminating light to an area elongated in a specific
direction,

wherein the spectroscopic unit ts configured to disperse the transmitted and
scattered light in a direction perpendicular to the specific direction, and

wherein the imaging unit is configured to acquire intensities of a plurality of

wavelength components of the transmitted and scattered light generated at a plurality of

positions in the observed object along the specific direction.

8. The microscope according to any one of claims 1 to 7,
wherein the 1llumination optical system is configured to selectively emit the

tlluminating light onto the observed object in a wavelength band to which the imaging unit

has sensitivity.
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