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(54) SPECTROSCOPIC ANALYZER

(57) A spectroscopic analysis device includes a light
source configured to emit light including a plurality of
wavelength components, a polarizer configured to con-
vert the light emitted from the light source to a light of
linearly polarized light to be radiated to a sample, a po-
larizing diffraction element configured to diffract and
spectrally disperse a first polarization component includ-
ed in the light having passed through the sample in a first
direction, the polarizing diffraction element being config-
ured to diffract and spectrally disperse a second polari-
zation component included in the light in a second direc-
tion different from the first direction, a prism which is dis-
posed on an exit side of the polarizing diffraction element
and which has a first exit surface crossing the first direc-
tion and a second exit surface crossing the second di-
rection, and in which angles of the first exit surface and
the second exit surface with respect to a reference plane
including the first direction and the second direction are
different, an imaging element configured to capture an
image of the first polarization component emitted from
the first exit surface of the prism and an image of the
second polarization component emitted from the second
exit surface, and a processor configured to analyze the
sample based on an imaging result of the imaging ele-

ment.
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Description

[Technical Field]

[0001] The present invention relates to a spectroscopic
analysis device.

[Background Art]

[0002] Chirality (optical activity) of a specific molecule
has a circular dichroism in which counter-clockwise cir-
cularly polarized light and clockwise circularly polarized
light have different absorptivities. Generally, a circular
dichroism spectrometer is used for analyzing optical ac-
tivity of a chiral molecule having chirality. A circular di-
chroism spectrometer measures an absorptivity of light
incident from a light source on a sample while converting
the incident light to clockwise circularly polarized light
and counter-clockwise circularly polarized light using a
photo-elastic modulator. A circular dichroism spectrum
is obtained by taking the ratio of the measured absorp-
tivities. In this method, clockwise circularly polarized light
and counter-clockwise circularly polarized light each
need to be measured twice, which causes the synchro-
nization to be lost and decreases the measurement
speed.
[0003] Therefore, a method in which white light is emit-
ted to a sample, light having passed through the sample
is separated and spectrally dispersed into counter-clock-
wise circularly polarized light and clockwise circularly po-
larized light by a polarizing diffraction grating, the sepa-
rated and spectrally dispersed counter-clockwise circu-
larly polarized light and clockwise circularly polarized
light are imaged by two imaging elements, and the struc-
ture of the sample is analyzed based on a phase differ-
ence between the imaged signals has been proposed.
Since, depending on the molecular structure of a sample,
the absorptivities of a clockwise circularly polarized light
component and a counter-clockwise circularly polarized
light component are different, the clockwise circularly po-
larized light component and the counter-clockwise circu-
larly polarized light component having passed through
the sample are separated, and a difference between
these signals is taken to analyze the molecular structure
of the sample (for example, see Non-Patent Literature 1).
[0004] In a birefringence measuring device, linearly
polarized light is created from a light beam emitted from
a light source, the linearly polarized light is expanded by
a beam expander, clockwise circularly polarized light is
generated from the expanded linearly polarized light by
a quarter-wavelength plate, and a beam of the generated
circularly polarized light is radiated to a sample. In the
birefringence measuring device, a plurality of polarizing
diffraction elements for generating diffracted light are ar-
ranged in an imaging optical system that images light
having passed through the sample, and a contrast pat-
tern of -1st-order diffracted light generated by the polar-
izing diffraction elements is imaged by an imaging ele-

ment. In the birefringence measuring device, information
related to a phase difference between an abnormal light
component and a normal light component in the trans-
mission light (emission light) with reference to circularly
polarized light (incident light), calculated based on the
imaged contrast pattern is displayed on a display. The
polarizing diffraction element is a form birefringence po-
larizing diffraction grating formed by aligning a plurality
of grating units in a transparent resin liquid, and four pat-
terns of gratings are formed (for example, see Patent
Literature 1).

[Citation List]

[Patent Literature]

[0005] [Patent Literature 1]
International Patent Publication No. 2016/031567

[Non-Patent Literature]

[0006] [Non-Patent Literature 1]
"Method for artifact-free circular dichroism measure-
ments based on polarization grating," Clementina
Provenzano, Pasquale Pagliusi, Alfredo Mazzulla, and
Gabriella Cipparrone, Optics Letters Vol. 35, Issue 11,
pp. 1822-1824, 2010

[Summary of Invention]

[Technical Problem]

[0007] However, the birefringence measuring device
of the conventional technique has a polarizing diffraction
grating having a structure having a continuous orientation
distribution. Therefore, in the conventional technique,
since the grating width increases and the number of dif-
fraction gratings is limited, it is not possible to increase
the number of diffraction gratings. As described above,
in the conventional technique, since it is not possible to
increase the number of diffraction gratings, the spectral
dispersion ability is low. As a result, in the conventional
technique, there is a problem that it is not possible to
enhance wavelength resolution.
[0008] Moreover, the conventional technique has a
problem that the size of the spectroscopic analysis device
is large. Specifically, in the technique disclosed in Non-
Patent Literature 1, the spectroscopic analysis device
has two imaging elements and has a large size.
[0009] The present invention has been made in view
of the above-described problems, and an object thereof
is to provide a spectroscopic analysis device capable of
improving wavelength resolution. Another object of the
present invention is to provide a compact spectroscopic
analysis device.

1 2 



EP 3 722 787 A1

3

5

10

15

20

25

30

35

40

45

50

55

[Solution to Problem]

[0010] In order to attain the objects, an analysis device
according to an aspect of the present invention includes:
a light source configured to emit light including a plurality
of wavelength components, a polarizer configured to con-
vert the light emitted from the light source to a light of
linearly polarized light to be radiated to a sample, a po-
larizing diffraction element configured to diffract and
spectrally disperse a first polarization component includ-
ed in the light having passed through the sample in a first
direction, the polarizing diffraction element being config-
ured to diffract and spectrally disperse a second polari-
zation component included in the light in a second direc-
tion different from the first direction, a prism which is dis-
posed on an exit side of the polarizing diffraction element
and which has a first exit surface crossing the first direc-
tion and a second exit surface crossing the second di-
rection, and in which angles of the first exit surface and
the second exit surface with respect to a reference plane
including the first direction and the second direction are
different, an imaging element configured to capture an
image of the first polarization component emitted from
the first exit surface of the prism and an image of the
second polarization component emitted from the second
exit surface, and a processor configured to analyze the
sample based on an imaging result of the imaging ele-
ment.
[0011] In the analysis device according to an aspect
of the present invention, an angle between the first di-
rection and the first exit surface in the reference plane
may be set to such an angle that a dispersion angle of
the spectrally dispersed first polarization component is
expanded, and an angle between the second direction
and the second exit surface in the reference plane may
be set to such an angle that a dispersion angle of the
spectrally dispersed second polarization component is
expanded.
[0012] The analysis device according to an aspect of
the present invention may further include a cylindrical
lens disposed between the polarizer and the sample to
shape the light radiated to the sample into light extending
in a direction crossing the reference plane.
[0013] In the analysis device according to an aspect
of the present invention, the angle of the first exit surface
with respect to the reference plane may be 90°, and the
angle of the second exit surface with respect to the ref-
erence plane may be 45°.
[0014] In the analysis device according to an aspect
of the present invention, the prism may be a planar mem-
ber of which a shape in the reference plane is trapezoidal,
the first exit surface of the prism may be a surface includ-
ing a first leg of the trapezoid, and the second exit surface
of the prism may be a surface including a second leg of
the trapezoid.

[Advantageous Effects of Invention]

[0015] According to the present invention, it is possible
to improve wavelength resolution.

[Brief Description of Drawings]

[0016]

FIG. 1 is a diagram illustrating a configuration exam-
ple of a spectroscopic analysis device according to
a first embodiment.
FIG. 2 is a perspective view of a prism according to
the first embodiment.
FIG. 3 is a trihedral figure of the prism according to
the first embodiment.
FIG. 4 is a diagram illustrating an imaging position
on an imaging element by the prism according to the
first embodiment.
FIG. 5 is a diagram illustrating imaging positions on
an imaging element of a clockwise circularly polar-
ized light component and a counter-clockwise circu-
larly polarized light component spectrally dispersed
by the prism according to the present embodiment.
FIG. 6 is a diagram illustrating an example of a light
beam incident on the prism according to the first em-
bodiment and a light beam emitted by the prism.
FIG. 7 is a diagram illustrating an example of a re-
lationship between a reference plane, a plane based
on a light beam obtained by spectrally dispersing the
clockwise circularly polarized light component, and
a plane based on a light beam obtained by spectrally
dispersing the counter-clockwise circularly polarized
light component according to the first embodiment.
FIG. 8 is a diagram illustrating an angle between a
reference plane, a plane based on a light beam ob-
tained by spectrally dispersing the clockwise circu-
larly polarized light component, and a plane based
on a light beam obtained by spectrally dispersing the
counter-clockwise circularly polarized light compo-
nent according to the first embodiment.
FIG. 9 is a diagram illustrating an example of a re-
lationship between the planes when a first exit sur-
face according to the first embodiment is not vertical
to the reference plane.
FIG. 10 is a diagram illustrating a configuration ex-
ample of a spectroscopic analysis device according
to a second embodiment.
FIG. 11 is a diagram illustrating line beams of re-
spective wavelengths of a clockwise circularly polar-
ized light component and line beams of respective
wavelengths of a counter-clockwise circularly polar-
ized light component imaged on an imaging element
according to the second embodiment.

[Description of Embodiments]

[0017] Hereinafter, an embodiment of the present in-
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vention will be described with reference to the drawings.
In the drawings used in the following description, the
scales of respective members are changed appropriately
so that the respective members have recognizable sizes.

[First embodiment]

[0018] FIG. 1 is a diagram illustrating a configuration
example of a spectroscopic analysis device 100 accord-
ing to the present embodiment. As illustrated in FIG. 1,
the spectroscopic analysis device 100 includes a light
source 1, a polarizer 2, a polarizing diffraction element
4, a prism 5, an imaging element 7, a processor 8, and
a storage device 81.
[0019] In the present embodiment, light is radiated to
a sample 20 to analyze the amounts of components in
the sample 20.
[0020] In FIG. 1, an optical axis is an x-axis direction,
a direction vertical to the x-axis direction is a y-axis di-
rection, and a depth direction of an xy plane is a z-axis
direction.
[0021] The light source 1, the polarizer 2, the polarizing
diffraction element 4, the prism 5, and the imaging ele-
ment 7 are arranged in the order of the light source 1,
the polarizer 2, the polarizing diffraction element 4, the
prism 5, and the imaging element 7 in the x-axis direction
which is an optical axis direction of the light source 1.
The prism 5 is disposed adjacent to or close to the po-
larizing diffraction element 4.
[0022] The sample 20 is disposed between the polar-
izer 2 and the polarizing diffraction element 4 in the x-
axis direction which is the optical axis direction of the
light source 1.
[0023] The light source 1 is a light source emitting light
having a wavelength corresponding to a sample to be
analyzed and is a wide-band light source or a light source
that emits infrared light.
[0024] The polarizer 2 is a transmission polarizer that
converts a light beam incident from the light source 1 to
a linearly polarized light beam 3. The linearly polarized
light beam 3 converted by the polarizer 2 is radiated to
the sample 20.
[0025] A light beam having passed through the sample
20 is incident on the polarizing diffraction element 4. The
polarizing diffraction element 4 is a transmission polar-
izing diffraction element having form birefringence or mo-
lecular orientation (liquid-crystalline) birefringence. The
polarizing diffraction element 4 diffracts and spectrally
disperses a clockwise circularly polarized light compo-
nent in the xy plane in a first direction g1 having an upper-
side (positive side) angle φ with respect to the optical
axis. The polarizing diffraction element 4 diffracts and
spectrally disperses a counter-clockwise circularly polar-
ized light component on the xy plane in a second direction
g2 having a lower-side (negative side) angle φ with re-
spect to the optical axis. In the present embodiment, a
plane including the first direction g1 and the second di-
rection g2 is a reference plane f1. Spectrally dispersing

means dispersing incident light according to a wave-
length by refracting the incident light with different refrac-
tive indices depending on a wavelength.
[0026] The prism 5 is a planar optical member which
has a trapezoidal shape in the xy plane and has a thick-
ness in the z-axis direction, for example. The prism 5 has
a first exit surface 5a which is a surface including a first
leg of the trapezoidal shape, a second exit surface 5b
which is a surface including a second leg of the trapezoi-
dal shape, and an incident surface 5c which is a surface
including the base of the trapezoidal shape. A clockwise
circularly polarized light component spectrally dispersed
in the first direction and a counter-clockwise circularly
polarized light component spectrally dispersed in the sec-
ond direction are incident from the polarizing diffraction
element 4 on the incident surface 5c of the prism 5.
[0027] The prism 5 spectrally disperses the incident
spectrally dispersed clockwise circularly polarized light
component by expanding a spectral dispersion angle
thereof and emits the spectrally dispersed clockwise cir-
cularly polarized light component 6a from the first exit
surface 5a crossing the first direction. The prism 5 spec-
trally disperses the incident clockwise circularly polarized
light component by expanding a spectral dispersion an-
gle thereof and emits the spectrally dispersed counter-
clockwise circularly polarized light component 6b from
the second exit surface 5b crossing the second direction.
In this way, in the present embodiment, the wavelength
resolution of the polarizing diffraction element 4 is ex-
panded using the prism 5. A configuration of the prism 5
will be described later.
[0028] The imaging element 7 is an imaging element
such as a two-dimensional charge coupled device (CCD)
or a two-dimensional complementary MOS (CMOS), for
example. In the imaging element 7, the spectrally dis-
persed clockwise circularly polarized light component 6a
emitted from the first exit surface 5a is imaged at a first
position 7a in the z-axis direction.
[0029] In the imaging element 7, the spectrally dis-
persed counter-clockwise circularly polarized light com-
ponent 6b emitted from the second exit surface 5b is
imaged at a second position 7b in the z-axis direction.
The imaging element 7 captures the images at the first
and second positions 7a and 7b. The imaging element 7
outputs the optical signals of the captured and spectrally
dispersed clockwise and counter-clockwise circularly po-
larized light components to the processor 8.
[0030] The processor 8 derives the magnitude of cir-
cular polarization dichroism by calculating a difference
between absorptivities of the sample 20 with respect to
the clockwise circularly polarized light component and
the counter-clockwise circularly polarized light compo-
nent in respective wavelengths on the basis of the spectra
of the optical signals of the spectrally dispersed clockwise
and counter-clockwise circularly polarized light compo-
nents output by the imaging element 7. The processor 8
analyzes the components of the sample 20 by plotting
the magnitudes of the circular polarization dichroism in
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respective wavelengths to calculate a circular dichroism
spectrum (CD spectrum). The processor 8 derives the
magnitude of the circular polarization dichroism by taking
the ratio of the intensity of the clockwise circularly polar-
ized light component and the intensity of the counter-
clockwise circularly polarized light component in respec-
tive wavelengths, calculating the log of the ratio, and di-
viding the log of the ratio by 2 using Expression (8) in
Non-Patent Literature 1, for example.
[0031] The storage device 81 stores a relationship be-
tween the position of an image formed on the imaging
element 7, a wavelength, and a polarization component
in advance.
[0032] Next, the prism 5 will be described in further
detail.
[0033] FIG. 2 is a perspective view of the prism 5 ac-
cording to the present embodiment. FIG. 3 is a trihedral
figure of the prism 5 according to the present embodi-
ment. FIG. 3(A) is a front view. FIG. 3(B) is a right side
view. FIG. 3(C) is a bottom view.
[0034] As illustrated in FIGS. 2 and 3, the first exit sur-
face 5a of the prism 5 has a first exit surface 5a that is
at 90° with respect to the reference plane f1. The second
exit surface 5b of the prism 5 has a second exit surface
5b that is at 45° with respect to the reference plane f1.
[0035] As described above, in the present embodi-
ment, since the angle between the first exit surface 5a
of the prism 5 and the xy plane and the angle between
the second exit surface 5b and the xy plane are different,
the position in the z-axis direction of an image formed on
the imaging element 7 can be separated as illustrated in
FIG 4. FIG. 4 is a diagram illustrating an imaging position
on the imaging element 7 by the prism 5 according to the
present embodiment.
[0036] As illustrated in FIG. 4, the spectrally dispersed
clockwise circularly polarized light component 6a emitted
from the first exit surface 5a is imaged at the first position
7a. The first position 7a is the optical axis position in the
z-axis direction and, for example, is the central position
in the z-axis direction of the imaging element 7.
[0037] As illustrated in FIG. 4, the spectrally dispersed
counter-clockwise circularly polarized light component
6b emitted from the second exit surface 5b is imaged at
the second position 7b. The second position 7b is a po-
sition on the upper side from the optical axis position in
the z-axis direction.
[0038] FIG. 5 is a diagram illustrating the imaging po-
sitions on the imaging element 7 of the clockwise circu-
larly polarized light component 6a and the counter-clock-
wise circularly polarized light component 6b spectrally
dispersed by the prism 5 according to the present em-
bodiment. FIG. 5(A) is a plan view of the polarizing dif-
fraction element 4, the prism 5, and the imaging element
7 on the xy plane. FIG. 5(B) is a plan view of the imaging
element 7 on the xy plane.
[0039] The clockwise circularly polarized light compo-
nent is diffracted by the polarizing diffraction element 4
toward the upper side (positive side) in the y-axis direc-

tion. The counter-clockwise circularly polarized light
component is diffracted by the polarizing diffraction ele-
ment 4 toward the lower side (negative side) in the y-axis
direction. A diffraction angle of the clockwise circularly
polarized light component incident from the incident sur-
face 5c of the prism 5 is expanded to the positive side
by the angle on the xy plane of the first exit surface 5a
of the prism 5. Similarly, a diffraction angle of the counter-
clockwise circularly polarized light component incident
from the incident surface 5c of the prism 5 is expanded
to the negative side by the angle on the xy plane of the
second exit surface 5b of the trapezoid of the prism 5. In
this manner, in the prism 5, it is possible to enhance the
spectral dispersion ability by expanding the inclination
angle of diffracted light. As a result, according to the
present embodiment, as illustrated in FIG. 5(B), it is pos-
sible to shorten the distance between the polarizing dif-
fraction element 4 and the imaging element 7.
[0040] As a result, a light beam obtained by spectrally
dispersing the clockwise circularly polarized light com-
ponent by the prism 5 is spectrally dispersed like light
beams 6a1 to 6a5 in such a way that the spectral disper-
sion angle thereof is expanded as illustrated in FIG. 5.
The light beam 6a1 is imaged at a position 7a1 of the
imaging element 7. The light beam 6a2 is imaged at a
position 7a2 of the imaging element 7. The light beam
6a3 is imaged at a position 7a3 of the imaging element
7. The light beam 6a4 is imaged at a position 7a4 of the
imaging element 7. The light beam 6a5 is imaged at a
position 7a5 of the imaging element 7.
[0041] Moreover, a light beam obtained by spectrally
dispersing the counter-clockwise circularly polarized light
component by the prism 5 is spectrally dispersed like
light beams 6b1 to 6b5 in such a way that the spectral
dispersion angle thereof is expanded as illustrated in FIG.
5. A light beam 6bn (n is an integer of any one of 1 to 5)
is imaged at a position 7bn of the imaging element 7.
[0042] In FIG. 5, among light beams 6α1 to 6α5 (α is
a or b), a first wavelength of the light beam 6α1 is the
shortest, and a fifth wavelength of the light beam 6α5 is
the longest. A second wavelength of the light beam 6α2
is longer than a first wavelength of the light beam 6α1.
A third wavelength of the light beam 6α3 is longer than
a second wavelength of the light beam 6α2. A fourth
wavelength of the light beam 6α4 is longer than a third
wavelength of the light beam 6α3. A fifth wavelength of
the light beam 6α5 is the longest.
[0043] Although FIG. 5 illustrates an example in which
light is dispersed into five wavelengths by the polarizing
diffraction element 4, there is no limitation thereto. The
number of wavelengths dispersed by the polarizing dif-
fraction element 4 need only be two or more, and may
be three or five or more. In the example illustrated in FIG.
5 and the like, the images formed on the imaging element
7 are depicted by dots in order to simplify description.
Actually, the images formed on the imaging element 7
are images in which the images at the positions 7a1 to
7a5 are continuous and the images at the positions 7b1
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to 7b5 are continuous.
[0044] The storage device 81 stores a relationship be-
tween an image formed on the imaging element 7, a
wavelength thereof, and a polarization component in ad-
vance.
[0045] A light beam incident on the prism 5 and a light
beam emitted by the prism 5 will be described in further
detail.
[0046] FIG. 6 is a diagram illustrating an example of a
light beam incident on the prism 5 according to the
present embodiment and a light beam emitted by the
prism 5. A coordinate system is the same as that of FIG.
1. In FIG. 6, the polarizing diffraction element 4 and the
prism 5 are depicted separately from each other for de-
scription of light beams.
[0047] A light beam 3a having passed through the sam-
ple 20 (FIG. 1) is incident on the polarizing diffraction
element 4. The polarizing diffraction element 4 diffracts
and separates the light beam 3a into a clockwise circu-
larly polarized light component 6c (a first polarization
component) and a counter-clockwise circularly polarized
light component 6d (a second polarization component).
The clockwise circularly polarized light component 6c has
a counter-clockwise angle φ with respect to the optical
axis 3b. The counter-clockwise circularly polarized light
component 6d has a clockwise angle φ with respect to
the optical axis 3b. The light beam of the clockwise cir-
cularly polarized light component 6c and the light beam
of the counter-clockwise circularly polarized light com-
ponent 6d are formed on the reference plane f1. FIG. 6
illustrates representative light beams among spectrally
dispersed light beams. The polarizing diffraction element
4 is configured as disclosed in Patent Literature 1, for
example.
[0048] The clockwise circularly polarized light compo-
nent 6c and the counter-clockwise circularly polarized
light component 6d separated and spectrally dispersed
by the polarizing diffraction element 4 are incident on the
incident surface 5c of the prism 5. A light beam of the
spectrally dispersed clockwise circularly polarized light
component 6a is emitted from the first exit surface 5a of
the prism 5. A light beam of the spectrally dispersed
clockwise circularly polarized light component 6b is emit-
ted from the second exit surface 5b of the prism 5.
[0049] In this case, since the first exit surface 5a is
disposed vertically to the reference plane f1, the light
beam of the clockwise circularly polarized light compo-
nent 6a is formed on the reference plane f1. On the other
hand, since the second exit surface 5b is disposed at an
angle of 45° with respect to the reference plane f1, the
light beam of the counter-clockwise circularly polarized
light component 6b is formed on a plane having an angle
of 45° (a second prescribed angle) with respect to the
reference plane f1.
[0050] A relationship between the reference plane f1,
a plane based on the clockwise circularly polarized light
component 6a obtained by spectrally dispersing a clock-
wise circularly polarized light component, and a plane

based on the counter-clockwise circularly polarized light
component 6b obtained by spectrally dispersing a coun-
ter-clockwise circularly polarized light component will be
described in further detail.
[0051] FIG. 7 is a diagram illustrating an example of a
relationship between the reference plane f1 according to
the present embodiment, a plane f2 based on a light
beam obtained by spectrally dispersing the clockwise cir-
cularly polarized light component 6a, and a plane f3
based on a light beam obtained by spectrally dispersing
the counter-clockwise circularly polarized light compo-
nent 6b. FIG. 8 is a diagram illustrating an angle between
the reference plane f1 according to the present embod-
iment, a plane f2 based on a light beam obtained by spec-
trally dispersing the clockwise circularly polarized light
component 6a, and a plane f3 based on a light beam
obtained by spectrally dispersing the counter-clockwise
circularly polarized light component 6b.
[0052] In FIGS. 7 and 8, as described above, the ref-
erence plane f1 is a plane including the first and second
directions g1 and g2. The plane f2 is a plane including a
light beam obtained by spectrally dispersing the clock-
wise circularly polarized light component 6a. The plane
f3 is a plane including a light beam obtained by spectrally
dispersing the counter-clockwise circularly polarized light
component 6b.
[0053] The reference plane f1 and the plane f2 based
on the light beam obtained by spectrally dispersing the
clockwise circularly polarized light component 6a are
formed on the same xy plane. Therefore, when the plane
f2 based on the light beam obtained by spectrally dis-
persing the clockwise circularly polarized light compo-
nent 6a is moved within the xy plane, the reference plane
f1 overlaps the plane f2 based on the light beam obtained
by spectrally dispersing the clockwise circularly polarized
light component 6a.
[0054] On the other hand, when the plane f3 based on
the light beam obtained by spectrally dispersing the coun-
ter-clockwise circularly polarized light component 6b is
moved within the xy plane, the reference plane f1 and
the plane f3 based on the light beam obtained by spec-
trally dispersing the counter-clockwise circularly polar-
ized light component 6b have an angle β. That is, in the
present embodiment, the plane f3 based on the light
beam obtained by spectrally dispersing the counter-
clockwise circularly polarized light component 6b has an
angle β which is the second prescribed angle with respect
to the plane f2 based on the light beam obtained by spec-
trally dispersing the clockwise circularly polarized light
component 6a.
[0055] Although the above-described example is an
example in which the second exit surface 5b of the prism
5 is inclined at 45° with respect to the reference plane f1,
there is no limitation thereto. As illustrated in FIG. 5, the
inclination angle may be such an angle that the images
formed on the imaging element 7 are separated. For ex-
ample, the second exit surface 5b in the z-axis direction
may be inclined at -45° with respect to the reference plane

9 10 



EP 3 722 787 A1

7

5

10

15

20

25

30

35

40

45

50

55

f1. In this case, in FIG. 4, the spectrally dispersed coun-
ter-clockwise circularly polarized light component 6b
emitted from the second exit surface 5b is imaged at a
lower-side position from the optical axis position in the
z-axis direction.
[0056] Moreover, the second exit surface 5b may be
vertical to the reference plane f1, and the first exit surface
5a may be inclined at 45°, for example, with respect to
the reference plane f1.
[0057] Furthermore, the first exit surface 5a may be
inclined at a first prescribed angle with respect to the
reference plane f1, and the second exit surface 5b may
be inclined at an angle of (first prescribed angle 6 second
prescribed angle) with respect to the reference plane f1.
[0058] As described above, when the first exit surface
5a is not vertical to the reference plane f1, as illustrated
in FIG. 9, the plane f3 based on the light beam of the
clockwise circularly polarized light component 6a emitted
from the first exit surface 5a may have a first prescribed
angle (γ) with respect to the reference plane f1.
[0059] FIG. 9 is a diagram illustrating an example of a
relationship between respective planes when the first exit
surface 5a according to the present embodiment is not
vertical to the reference plane f1.
[0060] The first exit surface 5a may be inclined at 45°,
for example, with respect to the reference plane f1, and
the second exit surface 5b may be inclined at -45°, for
example, with respect to the reference plane f1. With this
configuration, it is possible to further suppress crosstalk
between the clockwise circularly polarized light compo-
nent 6a and the counter-clockwise circularly polarized
light component 6b as compared to the configuration il-
lustrated in FIG. 1.
[0061] Due to the above-described configuration, in
the present embodiment, the reference plane f1 formed
by the clockwise circularly polarized light component 6c
(the first polarization component) and the counter-clock-
wise circularly polarized light component 6d (the second
polarization component) incident on the prism 5 and a
plane formed by a light beam of the clockwise circularly
polarized light component 6a emitted from the first exit
surface 5a are formed on the same plane. In the present
embodiment, the plane formed by the light beam of the
clockwise circularly polarized light component 6a emitted
from the first exit surface 5a and the reference plane f1
are the same plane, and the plane formed by the light
beam of the counter-clockwise circularly polarized light
component 6b emitted from the second exit surface 5b
and the reference plane f1 have the second prescribed
angle (45°). Due to this, according to the present embod-
iment, as illustrated in FIGS. 4 and 5, it is possible to
image the clockwise circularly polarized light component
6a and the counter-clockwise circularly polarized light
component 6b at different positions in the z-axis direction
on the imaging element 7.
[0062] As described above, according to the present
embodiment, since the clockwise circularly polarized
light component and the counter-clockwise circularly po-

larized light component can be adjusted angularly by the
prism 5 to be on the same axis, it is possible to obtain a
circular dichroism spectrum using one two-dimensional
imaging element. As a result, according to the present
embodiment, it is possible to realize simultaneousness
of two circularly polarized light components.
[0063] According to the present embodiment, since
spectral dispersion ability can be enhanced while sup-
pressing crosstalk between the clockwise circularly po-
larized light component 6a and the counter-clockwise cir-
cularly polarized light component 6b using the polarizing
diffraction element 4 and the prism 5 in combination, it
is possible to shorten the distance to the imaging element
7. As a result, according to the present embodiment, it
is possible to improve wavelength resolution and to re-
duce the size of the spectroscopic analysis device 100
as compared to the conventional device. In this way, ac-
cording to the present embodiment, the size of the spec-
troscopic analysis device 100 is reduced by integrating
the imaging elements 7.
[0064] According to the present embodiment, since an
image can be captured by one imaging element 7, ad-
justment of an optical system is not necessary like a case
in which two imaging elements are used.
[0065] The incident surface 5c of the prism 5 is dis-
posed adjacent to or close (adhered) to the exit surface
of the polarizing diffraction element 4. The polarizing dif-
fraction element 4 and the incident surface 5c of the prism
5 may be bonded by adhesive or abrasive bonding. Al-
ternatively, a space may be formed between the polar-
izing diffraction element 4 and the incident surface 5c of
the prism 5 so that they are mechanically fixed. When
the polarizing diffraction element 4 and the incident sur-
face 5c of the prism 5 are bonded by adhesive or abrasive
bonding, it is possible to obtain an advantage that optical
adjustment of the polarizing diffraction element 4 and the
prism 5 is not required. In this case, optical adjustment
is required only in the z-axis direction of the imaging el-
ement 7.
[0066] When an optical element is divided into three
parts as in the conventional technique, adjustment is re-
quired in a tilt direction as well as in the z-axis direction
of the imaging element 7. As described above, according
to the present embodiment, since adjustment can be re-
duced as compared to the conventional technique, it is
possible to reduce accuracy errors resulting from the ad-
justment.

[Second embodiment]

[0067] FIG. 10 is a diagram illustrating a configuration
example of a spectroscopic analysis device 100A accord-
ing to the present embodiment. As illustrated in FIG. 10,
the spectroscopic analysis device 100A includes a light
source 1, a polarizer 2, a polarizing diffraction element
4, a prism 5, an imaging element 7A, a processor 8A, a
storage device 81A, and a cylindrical lens 9.
[0068] In the present embodiment, light is radiated to
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a sample 20 to analyze the amounts of components in
the sample 20.
[0069] In FIG. 6, an optical axis is an x-axis direction,
a direction vertical to the x-axis direction is a y-axis di-
rection, and a depth direction of an xy plane is a z-axis
direction. Moreover, components having the same func-
tions as those of the spectroscopic analysis device 100
will be denoted by the same reference numerals, and
description thereof will be omitted.
[0070] The light source 1, the polarizer 2, the polarizing
diffraction element 4, the prism 5, the cylindrical lens 9,
and the imaging element 7A are disposed in the order of
the light source 1, the polarizer 2, the polarizing diffraction
element 4, the prism 5, the cylindrical lens 9, and the
imaging element 7A in the x-axis direction which is an
optical axis direction of the light source 1. The prism 5 is
disposed adjacent to or close to the polarizing diffraction
element 4.
[0071] The sample 20 is disposed between the cylin-
drical lens 9 and the polarizing diffraction element 4 in
the x-axis direction which is the optical axis direction of
the light source 1.
[0072] The polarizer 2 is a transmission polarizer that
converts a light beam incident from the light source 1 to
light beam 3 of the linearly polarized light. The light beam
3 of the linearly polarized light converted by the polarizer
2 is emitted to the cylindrical lens 9.
[0073] The light beam 3 of the linearly polarized light
emitted by the polarizer 2 is incident on the cylindrical
lens 9. The cylindrical lens 9 converts the incident light
beam of the linearly polarized light to a line beam 31 and
radiates the converted line beam 31 to the sample 20.
That is, the cylindrical lens 9 shapes the light radiated to
the sample 20 into light extending in a direction crossing
the reference plane f1. In this way, according to the
present embodiment, optical characteristics in the z-axis
direction of the sample 20 can all be measured at once.
[0074] A light beam having passed through the sample
20 is incident on the polarizing diffraction element 4. In
this case, since the light beam having passed through
the sample 20 is a line beam, the transmission light in-
cludes position information in the z-axis direction. The
polarizing diffraction element 4 is a transmission polar-
izing diffraction element having form birefringence or mo-
lecular orientation (liquid-crystalline) birefringence. The
polarizing diffraction element 4 diffracts and spectrally
disperses the line beam of a clockwise circularly polar-
ized light component toward an upper side (positive side)
with respect to the optical axis. The polarizing diffraction
element 4 diffracts and spectrally disperses the line beam
of a counter-clockwise circularly polarized light compo-
nent toward a lower side (negative side) with respect to
the optical axis.
[0075] The prism 5 is a quadrangular prism of which
the shape in the xy plane is trapezoidal, and a line beam
of a spectrally dispersed clockwise circularly polarized
light component having a prescribed angle with respect
to the optical axis and a line beam of a spectrally dis-

persed counter-clockwise circularly polarized light com-
ponent having a prescribed angle with respect to the op-
tical axis are incident from the polarizing diffraction ele-
ment 4 to the bottom of the prism 5. The prism 5 expands
a spectral dispersion angle of the incident line beam of
the spectrally dispersed clockwise circularly polarized
light component and emits the line beam of the spectrally
dispersed clockwise circularly polarized light component
6a from the first exit surface 5a. The prism 5 expands a
spectral dispersion angle of the incident clockwise circu-
larly polarized light component and emits the line beam
of the spectrally dispersed counter-clockwise circularly
polarized light component 6b from the second exit sur-
face 5b. In this way, in the present embodiment, the
wavelength resolution of the polarizing diffraction ele-
ment 4 is expanded using the prism 5.
[0076] The imaging element 7A is an imaging element
such as a two-dimensional CCD or a two-dimensional
CMOS, for example. The imaging element 7A captures
the image of the clockwise circularly polarized light com-
ponent 6a and the image of the counter-clockwise circu-
larly polarized light component 6b emitted by the prism
5. The imaging element 7A outputs the captured signal
of the clockwise circularly polarized light component 6a
and the captured signal of the counter-clockwise circu-
larly polarized light component 6b to the processor 8A.
The processor 8A derives the magnitude of the circular
polarization dichroism by taking the ratio of the intensity
of the clockwise circularly polarized light component and
the intensity of the counter-clockwise circularly polarized
light component in respective wavelengths, calculating
the log of the ratio, and dividing the log of the ratio by 2
using Expression (8) in Non-Patent Literature 1, for ex-
ample. A light beam incident on the imaging element 7A
and an imaging position will be described later.
[0077] The signal of the clockwise circularly polarized
light component 6a output by the imaging element 7A
and the signal of the imaged counter-clockwise circularly
polarized light component 6b are input to the processor
8A. The processor 8A analyzes the components of the
sample 20 by calculating a difference between the ab-
sorptivities of the sample 20 with respect to the clockwise
circularly polarized light component and the counter-
clockwise circularly polarized light component in respec-
tive wavelengths and calculating a circular dichroism
spectrum. The images from which a difference is taken
by the processor 8A will be described later with reference
to FIG. 8.
[0078] The storage device 81A stores a relationship
between the position of an image formed on the imaging
element 7A, a wavelength, and a polarization component
in advance.
[0079] FIG. 11 is a diagram illustrating line beams of
respective wavelengths of the clockwise circularly polar-
ized light component 6a and line beams of respective
wavelengths of the counter-clockwise circularly polarized
light component 6b imaged on the imaging element 7A
according to the present embodiment. In FIG. 11, a lon-
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gitudinal direction is the y-axis direction, and a lateral
direction is the z-axis direction.
[0080] Line beams 7al0 to 7a40 of respective wave-
lengths of the clockwise circularly polarized light compo-
nent 6a are imaged on the imaging element 7A. The y-
axis direction represents the positions corresponding to
a molecular structure of the sample 20. The line beams
7a10 to 7a40 each include an image 7aNl of a first wave-
length, an image 7aN2 of a second wavelength, an image
7aN3 of a third wavelength, an image 7aN4 of a fourth
wavelength, and an image 7aN5 of a fifth wavelength (N
is an integer of 1 to 4). The first wavelength is the shortest
wavelength. The second wavelength is longer than the
first wavelength. The third wavelength is longer than the
second wavelength. The fourth wavelength is longer than
the third wavelength. The fifth wavelength is the longest
wavelength.
[0081] Line beams 7bl0 to 7b40 of respective wave-
lengths of the counter-clockwise circularly polarized light
component 6b are imaged on the imaging element 7A.
The y-axis direction represents the positions correspond-
ing to the molecular structure of the sample 20. The line
beams 7b10 to 7b40 each include an image 7bN1 of a
first wavelength, an image 7bN2 of a second wavelength,
an image 7bN3 of a third wavelength, an image 7bN4 of
a fourth wavelength, and an image 7bN5 of a fifth wave-
length (N is an integer of 1 to 4).
[0082] The processor 8A analyzes the components of
the sample 20 by calculating a difference between the
absorptivities of the sample 20 with respect to the clock-
wise circularly polarized light component 6a and the
counter-clockwise circularly polarized light component
6b at the same position and having the same wavelength
and calculating a circular dichroism spectrum. For exam-
ple, the processor 8A calculates a difference between
the signal of an image 7a41 of the clockwise circularly
polarized light component and the signal of an image
7b41 of the counter-clockwise circularly polarized light
component with respect to the first wavelength.
[0083] In the example illustrated in FIG. 11, the images
at the respective positions and having the respective
wavelengths are depicted by dots in order to simplify de-
scription. Actually, the images formed on the imaging el-
ement 7A are planar images including 7a11 to 7a45 and
7b11 to 7b45.
[0084] Due to this configuration, in the present embod-
iment, since the positions corresponding to the molecular
structure of a sample can be obtained two-dimensionally,
by capturing images while moving the sample 20 or the
spectroscopic analysis device 100A, it is possible to an-
alyze the positions corresponding to the molecular struc-
ture of the sample two-dimensionally.
[0085] Although the above-described example is an
example in which the second exit surface 5b of the prism
5 is inclined at 45° with respect to the reference plane f1,
there is no limitation thereto. The inclination angle of the
trapezoidal second exit surface 5b with respect to the
reference plane f1 may be such an angle that the images

formed on the imaging element 7A are separated.
[0086] As described above, in the present embodi-
ment, the light beam spectrally dispersed by the prism 5
is further converted to a line beam by the cylindrical lens
9.
[0087] Due to this, according to the present embodi-
ment, since the spectrally dispersed light beam is con-
verted to a line beam by the cylindrical lens 9, by capturing
images while moving the sample 20, it is possible to an-
alyze the molecular structure of the sample 20 two-di-
mensionally.
[0088] Although examples in which the prism 5 has a
trapezoidal shape in the xy plane and has a thickness in
the z-axis direction have been described in the first and
second embodiments, there is no limitation thereto. The
shape of the prism 5 may be an arbitrary shape as long
as the shape is a solid including at least one incident
surface and a first exit surface and a second exit surface
having different angles. For example, the shape of the
prism 5 may be a polygonal pillar, a quadrangular pyra-
mid, or the like such as a quadrangular pillar of which the
shape of a reference plane is quadrangular. When the
shape of the prism 5 is a quadrangular prism of which
the shape of a reference plane is quadrangular, a surface
including one side of the quadrangle may be the first exit
surface 5a, a surface including another side of the quad-
rangle may be the second exit surface 5b, and a surface
including still another side of the quadrangle may be the
incident surface 5c.
[0089] Although examples in which a clockwise circu-
larly polarized light component is emitted from the first
exit surface 5a and a counter-clockwise circularly polar-
ized light component is emitted from the second exit sur-
face 5b have been described in the first and second em-
bodiments, there is no limitation thereto. The first exit
surface 5a may emit a counter-clockwise circularly po-
larized light component and the second exit surface 5b
may emit a clockwise circularly polarized light compo-
nent.
[0090] A program for realizing all or some of the func-
tions of the processor 8 (or 8A) of the present invention
may be recorded on a computer-readable recording me-
dium, and the program recorded on the recording medi-
um may be read and executed by a computer system
whereby all or some of processing of the processor 8 (or
8A) may be performed. The "computer system" men-
tioned herein may include an OS and hardware such as
peripheral devices. Moreover, the "computer system"
may include a WWW system having a homepage pro-
viding environment (or a homepage display environ-
ment). "Computer-readable recording medium" refers to
a portable medium such as a flexible disk, an opto-mag-
netic disc, a ROM, or a CD-ROM, and a storage device
such as a hard disk included in a computer system. The
"computer-readable recording medium" may store a pro-
gram for a predetermined period like a volatile memory
(RAM) inside a computer system which serves as a serv-
er or a client when a program is transmitted via a network
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such as the Internet or a communication circuit such as
a telephone circuit.
[0091] The program may be transmitted from a com-
puter system that stores the program in a storage device
and the like to another computer system via a transmis-
sion medium or by transmission waves in the transmis-
sion medium. Here, the "transmission medium" that
transmits the program is a medium having a function of
transmitting information like a network (a communication
network) such as the Internet or a communication circuit
(a communication line) such as a telephone circuit. The
program may be a program for realizing some of the
above-described functions. The program may be a so-
called differential file (a differential program) capable of
realizing the above-described functions in combination
with a program recorded in a computer system.
[0092] While a mode for carrying out the present in-
vention has been described with reference to embodi-
ments, the present invention is not limited to the embod-
iments, and various modifications and substitutions can
be made without departing from the spirit of the present
invention.

[Reference Signs List]

[0093]

100, 100A: Spectroscopic analysis device
1: Light source
2: Polarizer
4: Polarizing diffraction element
5: Prism
7, 7A: Imaging element
8, 8A: Processor
9: Cylindrical lens
81: Storage device
5a: First exit surface
5b: Second exit surface
5c: Incident surface
f1: Reference plane

Claims

1. A spectroscopic analysis device comprising:

a light source configured to emit light including
a plurality of wavelength components;
a polarizer configured to convert the light emitted
from the light source to a light of linearly polar-
ized light to be radiated to a sample;
a polarizing diffraction element configured to dif-
fract and spectrally disperse a first polarization
component included in the light having passed
through the sample in a first direction, the polar-
izing diffraction element being configured to dif-
fract and spectrally disperse a second polariza-
tion component included in the light in a second

direction different from the first direction;
a prism which is disposed on an exit side of the
polarizing diffraction element and which has a
first exit surface crossing the first direction and
a second exit surface crossing the second di-
rection, and in which angles of the first exit sur-
face and the second exit surface with respect to
a reference plane including the first direction and
the second direction are different;
an imaging element configured to capture an im-
age of the first polarization component emitted
from the first exit surface of the prism and an
image of the second polarization component
emitted from the second exit surface; and
a processor configured to analyze the sample
based on an imaging result of the imaging ele-
ment.

2. The spectroscopic analysis device according to
claim 1, wherein
an angle between the first direction and the first exit
surface in the reference plane is set to such an angle
that a dispersion angle of the spectrally dispersed
first polarization component is expanded, and
an angle between the second direction and the sec-
ond exit surface in the reference plane is set to such
an angle that a dispersion angle of the spectrally
dispersed second polarization component is ex-
panded.

3. The spectroscopic analysis device according to
claim 1 or 2, further comprising:
a cylindrical lens disposed between the polarizer and
the sample to shape the light radiated to the sample
into light extending in a direction crossing the refer-
ence plane.

4. The spectroscopic analysis device according to any
one of claims 1 to 3, wherein
the angle of the first exit surface with respect to the
reference plane is 90°, and
the angle of the second exit surface with respect to
the reference plane is 45°.

5. The spectroscopic analysis device according to any
one of claims 1 to 4, wherein
the prism is a planar member of which a shape in
the reference plane is trapezoidal,
the first exit surface of the prism is a surface including
a first leg of the trapezoid, and
the second exit surface of the prism is a surface in-
cluding a second leg of the trapezoid.

6. The spectroscopic analysis device according to any
one of claims 1 to 5, wherein
the first polarization component is either a clockwise
circularly polarized light component or a counter-
clockwise circularly polarized light component, and
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the second polarization component is the other of
the clockwise circularly polarized light component
and the counter-clockwise circularly polarized light
component.

7. The spectroscopic analysis device according to any
one of claims 1 to 6, wherein
the polarizing diffraction element is a transmission
polarizing diffraction element having form birefrin-
gence or molecular orientation birefringence.

8. The spectroscopic analysis device according to
claim 5, wherein
the prism has an incident surface which is a surface
including a bottom of the trapezoid, and
the diffracted and spectrally dispersed first and sec-
ond polarization components emitted from the po-
larizing diffraction element are incident on the inci-
dent surface.

9. The spectroscopic analysis device according to any
one of claims 1 to 4, wherein
the prism is a planar member of which the shape in
the reference plane is quadrangular,
the first exit surface of the prism is a surface including
an arbitrary side of the quadrangle, and
the second exit surface of the prism is a surface in-
cluding another side of the quadrangle.

10. The spectroscopic analysis device according to
claim 9, wherein
the prism has an incident surface which is a surface
including still another side of the quadrangle, and
the diffracted and spectrally dispersed first and sec-
ond polarization components emitted from the po-
larizing diffraction element are incident on the inci-
dent surface.

11. The spectroscopic analysis device according to
claim 8 or 10, wherein
the polarizing diffraction element has an exit surface
from which the diffracted and spectrally dispersed
first and second polarization components are emit-
ted, and
the incident surface of the prism and the exit surface
of the polarizing diffraction element are close to each
other.

12. The spectroscopic analysis device according to
claim 8 or 10, wherein
the polarizing diffraction element has an exit surface
from which the diffracted and spectrally dispersed
first and second polarization components are emit-
ted, and
the prism and the polarizing diffraction element are
fixed so that a space is formed between the incident
surface of the prism and the exit surface of the po-
larizing diffraction element.

13. The spectroscopic analysis device according to any
one of claims 1 to 12, wherein
in the imaging element, an image of the first polari-
zation component and an image of the second po-
larization component are imaged to be offset from
each other on an imaging surface of the imaging el-
ement.

14. The spectroscopic analysis device according to any
one of claims 1 to 13, wherein
the processor includes a storage device configured
to store a relationship between a position of an image
formed on an imaging surface of the imaging ele-
ment, a wavelength, and a polarization component
in advance, and
the processor derives a magnitude of a circularly po-
larized light dichroism of the sample in the wave-
length by performing prescribed computation based
on the image of the first polarization component and
the image of the second polarization component im-
aged by the imaging element and the relationship
stored in the storage device.

15. The spectroscopic analysis device according to
claim 14, wherein
the prescribed computation involves deriving a dif-
ference between absorptivities of the sample with
respect to the first and second polarization compo-
nents in the wavelength.

16. The spectroscopic analysis device according to
claim 4, wherein
a first spectral dispersion plane including a light
beam obtained by spectrally dispersing the first po-
larization component using the polarizing diffraction
element and the reference plane overlap each other,
and
an angle of a second spectral dispersion plane in-
cluding a light beam obtained by spectrally dispers-
ing the second polarization component using the po-
larizing diffraction element with respect to the refer-
ence plane is a prescribed first angle.

17. The spectroscopic analysis device according to any
one of claims 1 to 3, wherein
an angle of the first exit surface with respect to the
reference plane is -45°, and
an angle of the second exit surface with respect to
the reference plane is 45°.

18. The spectroscopic analysis device according to
claim 17, wherein
an angle of a first spectral dispersion plane including
a light beam obtained by spectrally dispersing the
first polarization component using the polarizing dif-
fraction element with respect to the reference plane
is a prescribed second angle,
an angle of a second spectral dispersion plane in-
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cluding a light beam obtained by spectrally dispers-
ing the second polarization component using the po-
larizing diffraction element with respect to the refer-
ence plane is a prescribed first angle, and
the prescribed second angle and the prescribed first
angle are values having different signs, and an ab-
solute value of the prescribed second angle is the
same as an absolute value of the prescribed first
angle.

19. The spectroscopic analysis device according to any
one of claims 1 to 3, wherein
an angle of the first exit surface with respect to the
reference plane is an angle having a positive or neg-
ative value, and
an angle of the second exit surface with respect to
the reference plane is an angle having the other of
the positive and negative values.

20. The spectroscopic analysis device according to
claim 19, wherein
an angle of a first spectral dispersion plane including
a light beam obtained by spectrally dispersing the
first polarization component using the polarizing dif-
fraction element with respect to the reference plane
is a prescribed second angle,
an angle of a second spectral dispersion plane in-
cluding a light beam obtained by spectrally dispers-
ing the second polarization component using the po-
larizing diffraction element with respect to the refer-
ence plane is a prescribed first angle, and
the prescribed second angle and the prescribed first
angle are values having different signs.
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