US 20140126048A1

a2y Patent Application Publication o) Pub. No.: US 2014/0126048 A1

a9 United States

NISHIWAKI (43) Pub. Date: May 8,2014
(54) ILLUMINATION APPARATUS FOR (52) US.CL
MICROSCOPE AND MICROSCOPE USING [ SR GO2B 21/06 (2013.01)
THE SAME 1673 G 359/386
(71)  Applicant: OLYMPUS CORPORATION, Tokyo
ap) (57) ABSTRACT

(72) Inventor:

(73) Assignee: OLYMPUS CORPORATION, Tokyo
(IP)

(21) Appl. No.: 14/056,765
(22) TFiled:  Oct. 17,2013

Daisuke NISHIWAKI, Tokyo (JP)

(30) Foreign Application Priority Data

Nov.2,2012  (JP) e 2012-243176

Publication Classification

(51) Int.CL
GO2B 21/06

(2006.01)

A illumination apparatus for microscope comprises a light
source, a spatial modulation section, a first illumination opti-
cal system, a second illumination optical system, and the
spatial modulation section includes a spatial modulation ele-
ment which is of reflecting type, and a polarizing element, and
the first illumination optical system is disposed in an optical
path from the light source up to the spatial modulation ele-
ment, and the second illumination optical system is disposed
in an optical path from the spatial modulation element up to a
specimen position, and a position of the spatial modulation
element is conjugate with the specimen position. Moreover, a
microscope comprises a illumination apparatus, a main-body
section, an observation unit, and a control unit, and the illu-
mination apparatus for microscope is to be used as the illu-
mination apparatus.
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ILLUMINATION APPARATUS FOR
MICROSCOPE AND MICROSCOPE USING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Thepresentapplicationis based upon and claims the
benefit of priority from the prior Japanese Patent Application
No. 2012-243176 filed on Nov. 2, 2012; the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an illumination
apparatus for microscope, and a microscope using the same.
[0004] 2. Description of the Related Art

[0005] Inrecent years, a field called optogenetics has been
showing a widespread expansion. Moreover, in an observa-
tion of a biological specimen, a fluorescence recovery after
photobleaching (FRAP) has been used widely as a conven-
tional observation method. In an observation in optogenetics,
and an observation by the fluorescence recovery after pho-
tobleaching, sometimes light is irradiated only to a part of the
specimen, such as a cell. In the cell to which the light has been
irradiated, there occurs a change due to the light irradiated
becoming a stimulus. Moreover, in a case in which, there is a
cell around the cell to which the light has been irradiated,
sometimes there occurs a change also in the cell which is
around the cell to which the light has been irradiated. There-
fore, at the time of observation, one entire cell, or a plurality
of cells is illuminated. In such manner, in the observation by
the fluorescence recovery after photobleaching, and in the
observation by the optogenetics, an illumination area for
imparting stimulus and an illumination area for making
observation, differ.

[0006] Moreover, in a case in which, there is a plurality of
objects to be stimulated, it is necessary to illuminate a plural-
ity of locations which are separated spatially, and it is neces-
sary to control an illumination time individually for each
location, according to the number of objects and a position.
[0007] As anillumination apparatus in which, it is possible
to set the illumination area, the illumination position, and the
illumination time, an illumination apparatus disclosed in
Japanese Patent Application Laid-open Publication No.
2011-118371 and an illumination apparatus disclosed in
Japanese Patent No. 4425098 are available.

[0008] In the illumination apparatus described in Japanese
Patent Application Laid-open Publication No. 2011-118371,
light from a light source is irradiated to a specimen via a
digital micro mirror device (hereinafter, referred to as
‘DMD’). The DMD is a device having a plurality of micro
mirrors, and the micro mirrors are disposed two-dimension-
ally. The illumination area, the illumination position, or the
illumination time is changed by changing a direction of each
micro mirror.

[0009] In the illumination apparatus described in Japanese
Patent No. 4425098, light from a light source is irradiated to
a specimen via a spatial light modulation element. Moreover,
adevice having a liquid crystal, or the DMD, has been used as
the spatial light modulation element. This device having the
liquid crystal has a plurality of micro areas having the liquid
crystal, and these micro areas are disposed two-dimension-
ally.
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[0010] Moreover, in the illumination apparatus described
in Japanese Patent No. 4425098, a surface of the spatial light
modulation element is disposed to be inclined with respect to
a specimen surface. Here, if the spatial light modulation ele-
ment is let to be conjugate with the specimen plane, a projec-
tion plane of the spatial light modulation element intersects
with the specimen plane. In this case, a portion other than an
intersecting portion is not subjected to a focused illumination.
Therefore, in the illumination apparatus described in Japa-
nese Patent No. 4425098, the spatial light modulation ele-
ment is considered to be an element which is disposed at a
pupil position of an optical system.

[0011] FIG. 5A and FIG. 5B are diagrams showing an
arrangement of the DMD and the optical system. FIG. 5A is
a diagram showing a structure of the DMD. As shown in FIG.
5A, a DMD 700 has a plurality of micro mirrors 701. More-
over, the micro mirrors 701 are disposed two-dimensionally.
Here, the micro mirror 701 oscillates through a predeter-
mined angle around an axis, with a diagonal 702 as an axis.
By the oscillation of the micro mirror 701, the micro mirror
701 changes a direction of a mirror surface.

[0012] Generally, light is irradiated to the DMD 700 via the
optical system. A direction of incidence of light is a direction
orthogonal to the diagonal 702 as shown by an arrow mark in
FIG. 5A. In this case, the optical system is positioned
obliquely downward or obliquely upward with respect to the
DMD 700. Therefore, it is not possible to dispose the DMD
700 and the optical system in the same plane.

[0013] FIG. 5B is a diagram showing an arrangement of the
DMD and the optical system. [llumination light L, is incident
onthe DMD 700 via an optical system 703. The illumination
light L, is reflected at the micro mirrors 701 of the DMD 700,
and is emerged from the DMD 700 as illumination light L ,,.
The illumination light L, emerged from the DMD 700
reaches a specimen via an optical system 704.

[0014] InFIG. 5B, a traveling direction of the illumination
light emerged from the DMD 700 is a normal direction of a
surface of the DMD 700. For making such an arrangement, it
is indispensable to make an angle of incidence of the illumi-
nation light L., on the DMD 700 small. It is necessary to
dispose the optical system 703 in a direction inclined with
respect to the DMD 700. An angle of the optical system 703
with respect to the DMD 700 corresponds to an angle through
which the micro mirror 701 oscillates. Here, when a position
of'the optical system 703 is near the DMD 700, the illumina-
tion light L ,, is incident on the optical system 703, and the
optical system 703 and the optical system 704 make a contact.
To avoid this, it is preferable to keep the optical system 703
and the optical system 704 at a distance from the DMD 700.
However, when the optical system 703 and the optical system
704 are kept at a distance from the DMD 700, a size of the
illumination apparatus becomes large.

[0015] Moreover, as it has been mentioned above, the opti-
cal system 703 is positioned at an obliquely upward position,
or at an obliquely downward position. Therefore, a position
adjustment of the DMD 700 and the optical system 703
becomes complicated. Moreover, an efficiency of light in the
DMD 700 is low.

SUMMARY OF THE INVENTION

[0016] A illumination apparatus for microscope according
to the present invention comprises

[0017] alight source,

[0018] a spatial modulation section,
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[0019] a first illumination optical system, and
[0020] a second illumination optical system, and
[0021] the spatial modulation section includes a spatial

modulation element which is of reflecting type, and a polar-
izing element, and

[0022] the firstillumination optical system is disposed in an
optical path from the light source up to the spatial modulation
element, and

[0023] the second illumination optical system is disposed
in an optical path from the spatial modulation element up to a
specimen position, and

[0024] a position of the spatial modulation element is con-
jugate with the specimen position.

[0025] Moreover, a microscope according to the present
invention comprises

[0026] a illumination apparatus,

[0027] a main-body section,

[0028] an observation unit, and

[0029] a control unit, and

[0030] the illumination apparatus for microscope is to be

used as the illumination apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG.1Aisaschematic diagram showing an arrange-
ment of a illumination apparatus for microscope according to
an embodiment of the present invention, and FIG. 1B is a
diagram showing an arrangement of a illumination apparatus
for microscope according to a modified embodiment of the
embodiment of the present invention;

[0032] FIG.2A and FIG. 2C are diagrams showing a shape
of a micro area in which, reflection occurs, and FIG. 2B and
FIG. 2D are diagrams showing a illumination area in an
observation image;

[0033] FIG.3A and FIG. 3C are diagrams showing a shape
of a micro area in which, reflection occurs, and FIG. 3B and
FIG. 3D are another diagrams showing a illumination area in
an observation image;

[0034] FIG. 4 is a diagram showing an arrangement of a
microscope according to the embodiment of the present
invention; and

[0035] FIG. 5A and FIG. 5B are diagrams showing an
arrangement of a DMD and an optical system, where, FIG.
5A is a diagram showing a structure of the DMD, and FIG. 5B
is a diagram showing an arrangement of the DMD and optical
systems.

DETAILED DESCRIPTION OF THE INVENTION

[0036] A illumination apparatus for microscope according
to the present embodiment includes a light source, a spatial
modulation section, a first illumination optical system, and a
second illumination optical system, and the spatial modula-
tion section includes a spatial modulation element which is of
reflecting type, and a polarizing element, and the first illumi-
nation optical system is disposed in an optical path from the
light source up to the spatial modulation element, and the
second illumination optical system is disposed in an optical
path from the spatial modulation element up to a specimen
position, and a position of the spatial modulation element is
conjugate with the specimen position.

[0037] An arrangement of the illumination apparatus for
microscope according to the present embodiment will be
described below. FIG. 1A is a schematic diagram showing an
arrangement of the illumination apparatus for microscope
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according to the present embodiment. As shown in FIG. 1A,
a illumination apparatus for microscope 1 includes a light
source 2, a spatial modulation section 30, a first illumination
optical system 4, and a second illumination optical system 5.
[0038] Illumination light for illuminating a specimen is
emerged from the light source 2. A halogen lamp, a xenon
lamp, a mercury lamp, a laser, and an LED (light emitting
diode) are available as the light source 2.

[0039] The spatial modulation section 30 includes a spatial
modulation element 3 of reflecting type and a polarizing
beam splitter 6 (hereinafter, referred to as ‘PBS 6°). Here, the
PBS 6 is a polarizing element and is also a beam splitter. The
spatial modulation element 3 includes a liquid crystal, and by
changing a state of the liquid crystal, it is possible to modulate
an intensity of light irradiated to a specimen. Concretely, the
spatial modulation element 3 includes a plurality of micro
areas (pixels). Moreover, the plurality of micro areas is
arranged two-dimensionally. Each of the micro area includes
a reflecting surface and a liquid crystal. A direction of polar-
ization of light is changed by changing the state of the liquid
crystal. By combining with the polarizing element, the inten-
sity of light is controlled by an angle through which, the
direction of polarization is rotated. Accordingly, it is possible
to change the intensity of light emerged from the micro areas,
for each micro area. A LCOS (liquid crystal on silicon) is
available as the spatial modulation element 3.

[0040] The first illumination optical system 4 is disposed in
an optical path from the light source 2 up to the spatial
modulation element 3. Moreover, the second illumination
optical system 5 is disposed in an optical path from the spatial
modulation element 3 up to a specimen position S. In the
illumination apparatus for microscope 1 according to the
present embodiment, due to the second illumination optical
system 5, a position of the spatial modulation element 3 and
the specimen position S are conjugate. In a case of epi-
illumination, due to the second illumination optical system 5
and a microscope objective lens, the position of the spatial
modulation element 3 and the specimen position S are con-
jugate.

[0041] According to the illumination apparatus for micro-
scope of the present embodiment, the spatial modulation
element 3 being of reflecting type, it is possible to realize an
illumination apparatus with a high efficiency of light. More-
over, the efficiency of light being high, it is possible to illu-
minate the specimen even more brightly. Accordingly, since
animage of the specimen also becomes bright, itis possible to
improve a contrast of an observation image.

[0042] Moreover, in the illumination apparatus for micro-
scope of the present embodiment, it is preferable that the first
illumination optical system and the second illumination opti-
cal system are disposed such that, an optical path of the first
illumination optical system and an optical path of the second
illumination optical system intersect, and the beams splitteris
disposed at a position where the optical paths intersect, and
the spatial modulation element is disposed in a direction in
which, the light from the first illumination optical system is
reflected by the beam splitter, and the second illumination
optical system is disposed at a position facing the spatial
modulation element, sandwiching the beam splitter.

[0043] As shown in FIG. 1A, the first illumination optical
system 4 and the second illumination optical system 5 are
disposed such that an optical path (optical axis) of the first
illumination optical system 4 and an optical path of the sec-
ond illumination optical system 5 intersect. Moreover, the
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PBS 6 is disposed as a beam splitter at a position where the
optical paths intersect. As it has been mentioned above, the
PBS 6 serves functions of both the beam splitter and the
polarizing element. In an illumination apparatus for micro-
scope according to a modified embodiment (to be described
later), a half mirror prism 6' as a beam splitter is disposed at a
position at which, the optical paths intersect. In such manner,
the optical path of the first illumination optical system 4 and
the optical path of the second illumination optical system 5
are partially common. Moreover, an optical axis of the first
illumination optical system 4 and an optical axis ofthe second
illumination optical system 5 are positioned in the same
plane. In other words, the first illumination optical system and
the second illumination optical system are positioned in the
same plane. Therefore, it is possible to make the illumination
apparatus small, and to realize a illumination apparatus in
which, an adjustment of the optical system is easy.

[0044] The light source 2 includes a light emitting portion
2a. In a case in which, the light source 2 is a mercury lamp for
example; an electric discharge portion between two elec-
trodes corresponds to the light emitting portion 2a. Moreover,
in a case of light emerged from the light source 2 by an optical
fiber, a light-emerging end surface of the optical fiber corre-
sponds to the light emitting portion 2a. Moreover, in a case in
which, the light source 2 is a laser, a portion from where, laser
light emerges (outlet for laser beam) corresponds to the light
emitting portion 2a.

[0045] Ina case of using a laser that emits parallel light, as
the light source 2, for the laser light emitted from the light
emitting portion 2a to become a parallel light beam, it is
desirable that the first illumination optical system 4 is an
afocal zoom optical system in which, laser light is irradiated
to the entire surface of the spatial modulation element 3. In
FIG. 1A, since an optical fiber for example, is adopted as the
light source 2 that radiates divergent light, and the divergent
light is emitted from the light emitting portion 2a, the first
illumination optical system 4 is a collimating optical system
in which, the light is irradiated to the entire surface of the
spatial modulation element 3.

[0046] In FIG. 1A, although the first illumination optical
system 4 is let to be the collimating optical system, the first
illumination optical system 4 may not be the collimating
optical system necessarily, provided that, the light is irradi-
ated to the entire surface of the spatial modulation element 3.
Moreover, in a case in which, the light-emerging end surface
of the optical fiber has an area to some extent as in a liquid
light guide, and has an even light emitting surface, it is pos-
sible to adopt an optical system in which, the light emitting
portion 2a and the spatial modulation element 3 are conju-
gate, with magnification that enables to irradiate light to the
entire surface of the spatial modulation element 3.

[0047] The illumination light that has been emitted from
the light emitting portion 2a passes through the first illumi-
nation optical system 4, and is incident on the PBS 6 of the
spatial modulation element 30. Only an S-polarized compo-
nent of the illumination light incident on the PBS 6 is reflected
ata polarizing surface 6a of the PBS 6. The illumination light
of'the S-polarized component reflected at the polarizing sur-
face 6a is incident on the spatial modulation element 3.
[0048] In the spatial modulation element 3, a direction of
polarization of light is rotated at each micro area. Moreover,
an angle of the direction of polarization is changed continu-
ously. Therefore, for instance, in the spatial modulation ele-
ment 3, it is possible to set freely a micro area for which, the
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maximum rotation occurs (micro area for which, the angle of
rotation of the direction of polarization is 90 degrees), and a
micro area for which, no rotation occurs (micro area for
which, the angle of rotation of the direction of polarization is
0 degrees).

[0049] The S-polarized component of the illumination light
that is incident on the polarizing surface 6a of the PBS 6 of the
spatial modulation section 30 reaches the spatial modulation
element 3, and is reflected at the spatial modulation element 3.
An arrangement is made such that, the illumination light
reflected has an effect of the rotation of the spatial modulation
element 3 in the direction of polarization, and includes a
P-polarized component for instance. Next, the illumination
light reflected at the spatial modulation element 3 is incident
once again on the PBS 6. The P-polarized component of the
illumination light incident on the PBS 6 is transmitted
through the polarizing surface 6a. Whereas, the S-polarized
component of the illumination light is reflected at the polar-
izing surface 6a. The illumination light (P-polarized compo-
nent) transmitted through the polarizing surface 6a is incident
on the second illumination optical system 5. The illumination
light incident on the second illumination optical system 5
passes through the second illumination optical system 5, and
reaches the specimen position S.

[0050] Here, the specimen position S and the spatial modu-
lation element 3 being conjugate, when viewed from a speci-
men side via the polarizing element (PBS 6), it looks similar
as the spatial modulation element 3 emits light by reflecting
the illumination light. Therefore, the micro areas of the spatial
modulation section 30 will be called as a light emitting por-
tion. By changing an area of the micro areas for which, the
rotation in the direction of polarization occurs, and changing
the angle of rotation in the direction of polarization for each
micro area, it is possible to realize light emitting portions
having various shapes and intensities, by the polarizing ele-
ments (PBS 6) in the spatial modulation section 30. For
instance, by letting the micro area at which the reflection
occurs to be circular, it is possible to make the light emitting
portion circular. Or, by letting the micro area at which the
reflection occurs to be annular, it is possible to make the light
emitting portion annular.

[0051] As it has been mentioned above, the position of the
spatial modulation element 3 and the specimen position S are
conjugate. Therefore, the shape of the light emitting portion
in the spatial modulation section 30 (shape of the micro area
at which the reflection occurs) is projected on the specimen
position (on the specimen). As a result, shape same as or
similar to the shape of the light emitting portion in the spatial
modulation section 30 is formed on the specimen position S
(on the specimen). Therefore, by changing the shape of the
light emitting portion in the spatial modulation element 3, an
illumination area and a illumination position in the specimen
can be changed. Moreover, by changing a time of maintaining
a state of the liquid crystal, the illumination time can also be
changed.

[0052] As the illumination apparatus for microscope 1
shown in FIG. 1A, by using the PBS (polarizing beam split-
ter) as a beam splitter, only linearly polarized light is made to
be incident on the spatial modulation element. Since the
spatial modulation element has polarization characteristics,
in the micro area of the spatial modulation element, it is
possible to make clear a different between a state in which, the
reflection occurs, and a state in which, the reflection does not
occur. Accordingly, since it is possible to make clear a bound-
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ary of the illumination area, it is possible to prevent a degra-
dation of contrast of an observation image.

[0053] Moreover, since the spatial modulation element has
the polarization characteristics, by using the PBS, it is pos-
sible to suppress loss of quantity of light when the light passes
through the PBS. Accordingly, it is possible to realize an
illumination apparatus having even higher efficiency of light.
Moreover, since it is possible to have bright illumination, it is
possible to improve the contrast of the observation image.

[0054] FIG. 1B is aschematic diagram showing an arrange-
ment of the illumination apparatus for microscope according
to a modified embodiment of the present embodiment. Points
of difference from the illumination apparatus for microscope
1 are a point that, in the spatial modulation section 30, instead
of'the PBS 6, the half mirror prism 6' which is a beam splitter
is disposed, a point that a polarizing plate 7a is disposed
newly between the half mirror prism 6' and the first illumina-
tion optical system 4, and a point that a polarizing plate 75 is
disposed newly between the spatial modulation element 3 and
the second illumination optical system 5. In an illumination
apparatus for microscope 1', the spatial modulation section 30
includes the polarizing plate 74, the polarizing plate 75, and
the spatial modulation element 3. The polarizing plate 7a and
the polarizing plate 76 become a polarizer and an analyzer
respectively. The polarizing plate 7a and the polarizing plate
7b are arranged to have a mutually orthogonal directions of
polarization such that the polarizing plate 7a for instance,
allows transmitting a polarization component in a normal
direction of a paper surface, and the polarizing plate 75 allows
transmitting a polarization component in a direction parallel
to the paper surface. There is no change in the rest of the
arrangement.

[0055] Illumination light emitted from the light emitting
section 2a passes through the first illumination optical system
4, and is incident on the polarizing plate 7a of the spatial
modulation section 30. Only the polarization component in
the normal direction of the paper surface of the illumination
light incident on the polarizing plate 7a is transmitted
through. Illumination light of the linearly polarized light in
the normal direction of the paper surface that is transmitted
through the polarizing plate 74 is reflected at a half mirror
surface 64 of the half mirror prism 6', and is incident on the
spatial modulation element 3.

[0056] The linearly polarized illumination light in the nor-
mal direction of the paper surface incident on the spatial
modulation element 3 is reflected at the spatial modulation
element 3. When reflected, the illumination light has an effect
of the rotation in the direction of polarization at the spatial
modulation element 3, and bears a polarization component
parallel to the paper surface. The illumination light reflected
at the spatial modulation element 3 is transmitted through the
half mirror prism 6'. The illumination light transmitted is
incident on the polarizing plate 76. The polarization compo-
nent parallel to the paper surface of the illumination light that
is incident on the polarizing plate 75 is transmitted through
the polarizing plate 76. The illumination light transmitted
through the polarizing plate 756 is incident on the second
illumination optical system 5. The illumination light incident
on the second illumination optical system 5 passes through
the second illumination optical system 5, and reaches the
specimen position S.

[0057] Since the polarizing plates are used in the illumina-
tion apparatus for microscope 1, it is possible to realize the
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spatial modulation section 30 having a high contrast com-
pared to a case of using the PBS 6.

[0058] In the spatial modulation element in which, the lig-
uid crystal is used, it is necessary to make the light incident
upon letting a direction of vibration of the linearly polarized
light coincide with a predetermined direction of the spatial
modulation element. When light having a random state of
polarization is made to be incident on the spatial modulation
element, even when it is a micro area for which, no reflection
is to be made to occur, the reflection occurs at that micro area.
As thereflection occurs, irrespective of being an area which is
not to be illuminated normally, the illumination light is irra-
diated to that area. As a result, light which becomes noise is
generated, and accordingly the contrast of the observation
image is degraded.

[0059] Therefore, by disposing a polarizing plate between
the light source and the beam splitter, only the linearly polar-
ized light is made to be incident on the spatial modulation
element. Accordingly, in the micro areas of the spatial modu-
lation element, it is possible to make clear the difference
between the state in which, the reflection occurs, and the state
in which, the reflection does not occur. As a result, since it is
possible to make clear the boundary of the illumination area,
it is possible to prevent the degradation of the contrast of the
observation image.

[0060] Moreover, in the illumination apparatus for micro-
scope according to the modified embodiment of the present
embodiment, a polarizing plate which allows only linearly
polarized light to be transmitted is disposed between the
beam splitter and the second illumination optical system.

[0061] By making such arrangement, it is possible to shield
light which becomes noise, by the polarizing plate. As a
result, itis possible to improve the contrast of the observation
image.

[0062] From a cost point of view, it is preferable to use the
half mirror 6' as a beam splitter, as shown in FIG. 1B. How-
ever, in the arrangement in FIG. 1B, the PBS 6 may be used as
a beam splitter. By using the PBS 6, it is possible to prevent
the loss of quantity of light. Moreover, in a case of using the
PBS 6, the spatial modulation section 30 may be let to have
the polarizing plate 76 omitted.

[0063] FIG. 2A, FIG. 2C, FIG. 3A, and FIG. 3C are dia-
grams showing the shape of the light emitting portion in the
spatial modulation section 30, and FIG. 2B, FIG. 2D, FIG.
3B, and FIG. 3D are diagrams showing a illumination area in
anobservationimage. InFIG. 2A, FI1G. 2B, F1G. 2C, and FIG.
2D and FIG. 3A, FIG. 3B, FIG. 3C, and FIG. 3D, for the ease
of understanding, a position of the light emitting portion in
the spatial modulation element 30 and a position of the illu-
mination area of the observation image are made to coincide.
For instance, in FIG. 2C and FIG. 2D, positions of both are
lower-right. However, according to an arrangement of an
optical system (frequency of image formation and frequency
of reflection), the positions of both do not coincide necessar-
ily.

[0064] FIG. 2A, FIG. 2B, FIG. 2C, and FIG. 2D are
examples in which, a width of the illumination area is
changed. In FIG. 2A, reflection is made to occur at all the
micro areas of the spatial modulation section 30. In this case,
the illumination area in a specimen image is an entire area of
an observation area 10 as shown in FIG. 2B. Therefore, illu-
mination light is irradiated to all four specimens 11, 12, 13,
and 14.



US 2014/0126048 Al

[0065] Next, in FIG. 2C, by changing the state of the liquid
crystal in the micro areas of hatched portion out of all the
micro areas of the spatial modulation element 3, an arrange-
ment is made such that the reflection does not occur in the
micro areas of the hatched portion. In this case, the illumina-
tion area in the specimen image is only the specimen 13 and
a surrounding area thereof as shown in FIG. 2D. Conse-
quently, the illumination light is irradiated to the specimen 13,
but the illumination light is not irradiated to the specimens 11,
12, and 14.

[0066] FIG. 3A, FIG. 3B, FIG. 3C, and FIG. 3D are
examples in which, an illumination area for imparting stimu-
lus and an illumination area for observing are made to differ.
In FIG. 3A, by changing the state of the liquid crystal in the
micro areas of the hatched portion, and making an arrange-
ment such that the reflection of the illumination light does not
occur in the micro areas of the hatched portion, two locations
which are spatially separated are illuminated. In this case, the
illumination area of the specimen image is apart of the speci-
men 12 and a part of the specimen 14 as shown in FIG. 3B.
Consequently, the illumination light is irradiated to the part of
the specimen 12 and to the part of the specimen 14, and the
illumination light is not irradiated to the remaining portion.

[0067] AsshowninFIG.3A, by irradiating the illumination
light to the part of the specimen 12 and to the part of the
specimen 14, stimulus is imparted to the specimen 12 and the
specimen 14. A change in the stimulus occurs in the specimen
12 and the specimen 14, and by the change in the specimen
14, the specimen 11 also gets stimulated sometimes. There-
fore, at the time of observation, an arrangement is made such
that the illumination light is irradiated not only to the speci-
men 12 and the specimen 14, but also to the specimen 11.

[0068] InFIG.3C, by changing the state of the liquid crys-
tal in the micro areas of the hatched portion, and making an
arrangement such that the reflection of the illumination light
does not occur at the micro areas of the hatched portion, three
locations which are spatially separated are illuminated. In this
case, the illumination area in the specimen image is such that
the illumination light is irradiated to the specimens 11, 12,
and 14, and the illumination light is not irradiated to the
specimen 13 as shown in FIG. 3D.

[0069] In aprojection of the light emitting portion 2a (light
emitting area) on the spatial modulation element 3, it is pref-
erable to make an arrangement such that the light emitting
area of the light emitting portion 2a is projected on almost the
entire surface of the spatial modulation element 3. However,
an arrangement may be made such that the light emitting area
of the light emitting portion 2« is projected on an area nar-
rower than the entire surface of the spatial modulation ele-
ment 3. Moreover, the first illumination optical system 4 may
be made to be a zoom optical system. By making such
arrangement, it is possible to change a size of the light emit-
ting area (size of an image of the light emitting area of the
light emitting portion 2a) on the spatial modulation element
3.

[0070] As it has been mentioned above, according to the
illumination apparatus for microscope of the present embodi-
ment, it is possible to make the illumination apparatus small
while setting the illumination area and the illumination posi-
tion or the illumination time freely similarly as convention-
ally, and it is possible to realize an illumination apparatus, in
which, the adjustment of the optical system is easy. Further-
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more, the spatial modulation element 3 being of reflecting
type, it is possible to realize an illumination apparatus having
a high efficiency of light.

[0071] Moreover, in the illumination apparatus for micro-
scope of the present embodiment, it is preferable that a quar-
ter wavelength plate is disposed between the spatial modula-
tion element and the polarizing beam splitter.

[0072] By using the quarter wavelength plate, it is possible
to make a polarization state of light incident on the polarizing
beam plate from the spatial modulation element to be a more
linear state (linearly polarized light). As a result, the loss of
quantity of light when the light is transmitted through the
polarizing beam splitter is suppressed. Accordingly, it is pos-
sible to realize an illumination apparatus having higher effi-
ciency of light. Moreover, since it is possible to have bright
illumination, it is possible to improve the contrast of the
observation image.

[0073] Moreover, in the illumination apparatus for micro-
scope of the embodiment, it is preferable that the second
illumination optical system has a variable aperture, and the
variable aperture is disposed at a position which is conjugate
with a pupil position of a microscope objective lens.

[0074] By making such arrangement, it is possible to adjust
a quantity of the illumination light.

[0075] Moreover, a microscope of the present embodiment
is a microscope which includes an illumination apparatus, a
main-body section, an observation unit, and a control unit,
and the abovementioned illumination apparatus for micro-
scope is to be used as the illumination apparatus.

[0076] FIG. 4 is a diagram showing an arrangement of the
microscope according to the present embodiment. A micro-
scope 20 includes an illumination apparatus 100, a main-body
section 200, an observation unit 300, and a control unit 400.
The illumination apparatus 100 and the observation unit 300
are connected to the main-body unit 200. Furthermore, an
illumination apparatus 500 is connected to the illumination
apparatus 100. Moreover, the abovementioned illumination
apparatus for microscope is used as the illumination appara-
tus 100.

[0077] The illumination apparatus 100 includes a light
source 101, a spatial modulation element 108, a first illumi-
nation optical system 105, and a second illumination optical
system 113. Moreover, the illumination apparatus 100 has
two optical paths.

[0078] The light source 101, an optical fiber 102, a UV (an
ultra violet) cut filter 103, a wavelength selection filter 104,
the first illumination optical system 105, a shutter 106, a
polarizing plate (polarizer) 107, the spatial modulation ele-
ment 108, a quarter wavelength plate 109, and a polarizing
beam splitter 110 are disposed in one of the optical paths of
the illumination apparatus 100. In such manner, the first illu-
mination optical system 105 is disposed in the optical path
from the light source 101 up to the spatial modulation element
108.

[0079] The spatial modulation element 108, the quarter
wavelength plate 109, the polarizing beam splitter 110, a
polarizing plate (analyzer) 111, an aperture stop 112, and the
second illumination optical system 113 are disposed in the
other optical path of the illumination apparatus 100. In such
manner, the second illumination optical system 113 is dis-
posed in the optical path from the spatial modulation element
108 up to a position of a specimen 600.

[0080] The light source 101 is a mercury lamp for example.
The optical fiber 102 is disposed between the light source 101
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and the first illumination optical system 105. Light emerged
from the light source 101 passes through the optical fiber 102,
and is transmitted to the first illumination optical system 105.
Therefore, an emerging-side end surface 102a of the optical
fiber 102 is a practical light emitting portion.

[0081] The emerging-side end surface 102a is positioned
on an optical axis of the first illumination optical system 105.
Moreover, the UV cut filter 103 is disposed between the
emerging-side end surface 102a and the first illumination
optical system 105. However, the UV cut filter 103 is not
indispensable.

[0082] The first illumination optical system 105 includes
two lenses. Moreover, the wavelength selection filter 104 and
the shutter 106 are disposed on the optical axis of the first
illumination optical system 105. In FIG. 4, the wavelength
selection filter 104 and the shutter 106 are disposed between
the two lenses. A lens arrangement of the first illumination
optical system 105 and installation locations of the wave-
length selection filter 104 and the shutter 106 are not
restricted to an arrangement and installation locations shown
in FIG. 4.

[0083] The polarizing beam splitter 110 is disposed at a
position facing the emerging-side end surface 102a, sand-
wiching the first illumination optical system 105. An instal-
lation position of the polarizing beam splitter 110 is a position
at which, the optical axis of the first illumination optical
system and an optical axis of the second illumination optical
system 113 (an axis orthogonal to the optical axis of the first
illumination optical system 105) intersect. In such manner,
the first illumination optical system 105 and the second illu-
mination optical system 113 are disposed such that the optical
axes (optical paths) thereof intersect, and the polarizing beam
splitter 110 is disposed at a position of intersection.

[0084] Moreover, the polarizing plate 107 is disposed
between the first illumination optical system 105 and the
polarizing beam splitter 110. However, the polarizing plate
107 is not indispensable.

[0085] The quarter wavelength plate 109 and the spatial
modulation element 108 are disposed on the optical axis of
the second illumination optical system 113. In such manner,
the spatial modulation element 108 is disposed in a direction
in which, light from the first illumination optical system 105
is reflected at the polarizing beam splitter 110. However, the
quarter wavelength plate 109 is not indispensable.

[0086] In the illumination apparatus 100 with the arrange-
ment as described above, light emerged from the light source
101 passes through the optical fiber 102 and emerges from the
emerging-side end surface 102a. Light emerged from the
emerging-side end surface 102a passes through the UV cut
filter 103 and the first illumination optical system 105, and is
incident on the wavelength selection filter 104.

[0087] Light of a plurality of wavelengths is generated
simultaneously from the light source 101. Here, with stimulus
due to light or a fluorescent observation, light of a specific
wavelength is irradiated to the specimen 600. Therefore, in a
case of imparting stimulus by light or the fluorescent obser-
vation, the wavelength selection filter 104 is to be inserted in
the optical path. Accordingly, it is possible to extract light of
a desired wavelength, or in other words, excitation light from
the light of the plurality of wavelengths. A plurality of wave-
length selection filters 104 may be disposed in order to be able
to extract excitation light of various wavelengths.

[0088] Ina bright-field observation, white light is irradiated
to the specimen 600. Therefore, in a case of carrying out the
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bright-field observation, the wavelength selection filter 104 is
to be moved outside of the optical path. In such manner, in an
observation of a microscope, according to an observation
method, the excitation light or the white light is to be irradi-
ated to the specimen 600, and a case of carrying out the
fluorescent observation will be described below.

[0089] The excitation light emerged from the wavelength
selection filter 104 passes through the shutter 106. When the
excitation light is not to be irradiated to the specimen 600, the
excitation light is to be shielded by the shutter 106.

[0090] The excitation light that has passed through the
shutter 106, by being passed through the polarizing plate 107
becomes linearly polarized light (such as S-polarized light).
[0091] The excitation light passed through the polarizing
plate 107 is incident on the polarizing beam splitter 110, and
reaches a surface 110a of the polarizing beam splitter 110.
[0092] An optical film is provided to the surface 110a. The
optical film has a characteristic of reflecting the S-polarized
light, and allowing transmitting P-polarized light. The exci-
tation light that has reached the surface 110a being the S-po-
larized light, the excitation light is reflected at the surface
110a. The excitation light reflected at the surface 110a is
incident on the quarter wavelength plate 109.

[0093] Here, the excitation light passes through the polar-
izing plate 107, and is reflected at the polarizing beam splitter
110. Consequently, polarized state of the excitation light
emerged from the polarizing beam splitter 110 is a linear state
(linearly polarized light).

[0094] The excitation light emerged from the quarter wave-
length plate 109 is incident on the spatial modulation element
108.

[0095] Moreover, in a case in which, the light source 101 is
a laser, the light emerged from the laser becomes parallel
light. In a case in which, the optical fiber 102 is not to be used,
parallel light is emerged from a position of the light emitting
portion 102a. In this case, it is preferable to make the first
illumination optical system 105 an afocal optical system. By
making the first illumination optical system 105 an afocal
optical system, light incident on the spatial modulation ele-
ment 108 becomes parallel light. As a result, it is possible to
make the spatial modulation element 108 a practical light
emitting portion.

[0096] The optical fiber 102 may be used. In a case in
which, a diameter of the optical fiber 102 is large (in a case of
a multimode fiber and a bundle fiber), since an emerging end
surface becomes a planar light source, the arrangement in
FIG. 4 can be used. In a case in which, the diameter of the
optical fiber 102 is small (in a case of a single-mode fiber),
since the emerging end surface becomes a point light source,
in this case, after being converted to the parallel light, the
afocal optical system is to be used.

[0097] Inthe spatial modulation element 108, it is possible
to change polarization of light in each micro area. Therefore,
by combining with a polarizing element, such as by changing
the area of micro areas at which the reflection occurs and the
area of micro areas at which the reflection does not occur, it is
possible to generate light emitting portions of various shapes
in the spatial modulation element 3. Moreover, by changing
the time of maintaining the state of the liquid crystal, the
illumination time can also be changed.

[0098] Polarized state of the excitation light reflected at the
spatial modulation element 108 becomes a linear state (lin-
early polarized light). However, the direction of polarization
is orthogonal to the direction of polarization when the exci-
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tation light was incident. In other words, the excitation light
reflected at the spatial modulation element 108 becomes
P-polarized light.

[0099] Thepolarized state of the excitation light reflected at
the spatial modulation element 108 becomes slightly ellipti-
cal state sometimes (elliptically polarized light). Therefore,
by making the excitation light incident on the quarter wave-
length plate 109, it is possible to make the elliptically polar-
ized light to be linearly polarized light.

[0100] The excitation light that has passed through the
quarter wavelength plate 109 being P-polarized light, is trans-
mitted through the surface 110a, and emerges from the polar-
izing beam splitter 110. The polarizing plate (analyzer) 111,
the aperture stop 112, and the second illumination optical
system 113 are disposed in a direction of emergence. In such
manner, the second illumination optical system 113 is dis-
posed at a position facing the spatial modulation element 108,
sandwiching the polarizing beam splitter 110. The polarizing
plate 111 is not indispensable.

[0101] The second illumination optical system 113
includes three lenses. Moreover, the aperture stop 112 is
disposed on the optical axis of the second illumination optical
system 113. In FIG. 4, the aperture stop 112 is disposed
between the lenses. The aperture stop 112 is disposed at a
position conjugate with a pupil position of a microscope
objective lens 201. Moreover, a size of an aperture is variable
in the aperture stop 112. A lens arrangement of the second
illumination optical system 113 and an installation location of
the aperture stop 112 are not restricted to the arrangement and
the installation location shown in FIG. 4.

[0102] The excitation light emerged from the polarizing
beam splitter 110 passes through the polarizing plate (ana-
lyzer) 111. From the polarizing plate 111, only linearly polar-
ized light (S-polarized light) is emerged. The excitation light
emerged from the polarizing plate 111 passes through the
aperture stop 112 and the second illumination optical system
113, and is incident on a dichroic mirror 114.

[0103] The dichroic mirror 114 is disposed for allowing
transmitting illuminating light from another illumination
apparatus 500. Here, instead of the dichroic mirror 114, a half
mirror may be used. Moreover, in a case in which, the illu-
mination apparatus 500 is not installed, instead of the dichroic
mirror 114, a mirror may be used.

[0104] Another illumination apparatus 500 includes a light
source 501, a wavelength selection filter 502, a shutter 503,
and a field stop 504. A mercury lamp is available as the light
source 501. Light of a plurality of wavelengths is generated
simultaneously from the mercury lamp. Therefore, in a case
of carrying out fluorescent observation, by inserting the
wavelength selection filter 502 in an optical path, only the
excitation light is extracted from the light of plurality of
wavelengths. In a case in which, illuminating by the light
source 501 is not carried out; the excitation light is to be
shielded with the shutter 503.

[0105] The excitation light emerged from the wavelength
selection filter 502 passes through the field stop 504, and is
incident on the dichroic mirror 114. Out of the excitation light
incident on the dichroic mirror 114, the excitation light
emerged from the illumination apparatus 100 is reflected at
the dichroic mirror 114, and the excitation light emerged from
the illumination apparatus 500 is transmitted through the
dichroic mirror 114. The excitation light emerged from the
dichroic mirror 114 is incident on the main-body portion 200
of the microscope 20.
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[0106] Themain-body section 200 includes the microscope
objective lens 201, a dichroic lens 202, a barrier filter (exci-
tation-light cut filter) 203, and a tube lens 204. The dichroic
mirror 202, the barrier filter 203, and the tube lens 204 are
disposed on an optical axis of the microscope objective lens
201, in order from the specimen 600 side.

[0107] The excitation light incident on the main-body sec-
tion 200 is reflected at the dichroic mirror 202, and then
passes through the microscope objective lens 201, and is
irradiated to the specimen 600. Here, the position of the
spatial modulation element 108 is conjugate with a position
of the specimen 600. Therefore, a shape of a light emitting
portion generated in the spatial modulation element 108 is
projected on the specimen 600. Accordingly, it is possible to
illuminate a desired area and a desired position on the speci-
men 600.

[0108] Fluorescent light emerged from the specimen 600
passes through the microscope objective lens 201, the dich-
roic mirror 202, the barrier filter 203, and the tube lens 204.
Here, as the dichroic mirror 202 and the barrier filter 203,
components having a characteristic of allowing a wavelength
of fluorescent light to be transmitted through are to be used.
Accordingly, light other than the fluorescent light is shielded
at the dichroic mirror 202 and the barrier filter 203.

[0109] The fluorescent light passed through the tube lens
204 is converged at a predetermined position. An image ofthe
specimen 600 is formed at this predetermined position. More-
over, the observation unit 300 is disposed at this predeter-
mined position. In a case in which, the observation unit 300
includes an image pickup element (such as a CCD (charge
coupled device) and a CMOS (complementary metal-oxide
semiconductor), the observation unit 300 is to be disposed
such that a position of an image pickup surface of the image
pickup element coincides with the predetermined position.
The observation unit 300 may be a binocular tube. When the
binocular tube is used, it is possible to observe the image of
the specimen 600 with a naked eye via an eyepiece.

[0110] In the observation unit 300, the image of the speci-
men 600 and an appearance of illumination (illumination area
and illumination position) are acquired. Therefore, the obser-
vation unit 300 and the control unit 400 are to be connected
electrically. Accordingly, it is possible to check the image of
the specimen 600 and the appearance of illumination by the
controlunit 400. Furthermore, the illumination apparatus 100
and the control unit 400 are to be connected electrically.
Accordingly, since it is possible to control the spatial modu-
lation element 108 by the control unit 400, it is possible to set
the illumination area, and the illumination position or the
illumination time freely.

[0111] In FIG. 4, the control unit 400 is a personal com-
puter. However, the control unit 400 is not restricted to the
personal computer. A terminal of a portable type or a tablet
type may be used as the control unit 400. Moreover, trans-
ceiving of information between the observation unit 300 and
the illumination apparatus 100 may be carried out by wireless
communication.

[0112] The present invention can have various modified
embodiments without departing from the scope of the inven-
tion. For instance, an arrangement may be made such that a
lens is moved or is inserted in and removed from the first
illumination optical system 105 and the second illumination
optical system 113. When such arrangement is made, it is
possible to let the position of the spatial modulation element
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108 to be conjugate with the pupil position of the microscope
objective lens 201. As a result, it is possible to carry out
Koehler illumination.
[0113] Moreover, a plurality of illumination apparatuses
100 may be disposed. Forexample, in FIG. 4, the illumination
apparatus 100 may be disposed instead of the illumination
apparatus 500. When such arrangement is made, it is possible
to irradiate the excitation light of different wavelengths to the
specimen 600 simultaneously.
[0114] According to the present invention, it is possible to
provide an illumination apparatus for microscope having a
high efficiency of light, and a microscope using the same.
Moreover, it is possible to provide an illumination apparatus
for microscope in which, an adjustment of the optical system
is easy, and a microscope using the same.
[0115] As it has been described above, the present inven-
tion is suitable for an illumination apparatus for microscope
with a high efficiency of light, a small size, and in which, an
adjustment of the optical system is easy, and a microscope
using the same.
What is claimed is:
1. A illumination apparatus for microscope comprising:
a light source;
a spatial modulation section;
a first illumination optical system; and
a second illumination optical system, wherein
the spatial modulation section includes a spatial modula-
tion element which is of reflecting type, and a polarizing
element, and
the first illumination optical system is disposed in an opti-
cal path from the light source up to the spatial modula-
tion element, and
the second illumination optical system is disposed in an
optical path from the spatial modulation element up to a
specimen position, and
a position of the spatial modulation element is conjugate
with the specimen position.
2. The illumination apparatus for microscope according to
claim 1, wherein
the first illumination optical system and the second illumi-
nation optical system are disposed such that, an optical
path of the first illumination optical system and an opti-
cal path of the second illumination optical system inter-
sect, and
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a beam splitter is disposed at a position where the optical
path of the first illumination optical system and the opti-
cal path of the second illumination optical system inter-
sect, and

the spatial modulation element is disposed in a direction in
which, light from the first illumination optical system is
reflected by the beam splitter, and

the second illumination optical system is disposed at a
position facing the spatial modulation element, sand-
wiching the beam splitter.

3. The illumination apparatus for microscope according to
claim 2, wherein the beam splitter is a polarizing beam splitter
which also serves as the polarizing element.

4. The illumination apparatus for microscope according to
claim 2, wherein a polarizing plate through which only lin-
early polarized light is transmitted, is disposed between the
light source and the beam splitter.

5. The illumination apparatus for microscope according to
claim 3, wherein a second polarizing plate through which
only linearly polarized light is transmitted, is disposed
between the beam splitter and the second illumination optical
system.

6. The illumination apparatus for microscope according to
claim 5, wherein a quarter wavelength plate is disposed
between the spatial modulation element and the polarizing
beam splitter.

7. The illumination apparatus for microscope according to
claim 1, wherein

the second illumination optical system includes a variable
aperture, and

the variable aperture is disposed at a position which is
conjugate with a pupil position of a microscope objec-
tive lens.

8. A microscope comprising:

a illumination apparatus;

a main-body section;

an observation unit; and

a control unit; wherein

aillumination apparatus for microscope according to claim
1 is to be used as the illumination apparatus.
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