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(54) SCANNING MICROSCOPE

(57) It is an object of the present invention to prevent
the effect of stimulation light from being superimposed
on an image, thereby enabling precise observation of the
response of a sample to a light stimulus. Provided is a
scanning microscope 1 including a pinhole array disk 29
having a plurality of pinholes 27 that restrict a light flux
of illumination light for irradiating a sample S, the plurality
of pinholes 27 being disposed so as to form an array
about a center axis C; a rotational driving unit 36 that
rotates the pinhole array disk 29 about the center axis C;
an objective lens 19 that irradiates the sample S with the
illumination light that has passed through the pinholes
27 of the pinhole array disk 29 being rotated about the

center axis C and that collects fluorescence from the
sample S and causes the fluorescence to enter the pin-
holes 27; a camera 25 that acquires an image of the
sample S by repeatedly capturing the fluorescence that
has passed through the pinholes 27; and a stimulation
optical system 7 that irradiates the sample S with stimu-
lation light, wherein the stimulation optical system 7 in-
cludes a stimulation-timing generating unit 43 that de-
creases the intensity of the stimulation light for irradiating
the sample S during exposure periods of the camera 25
and that increases the intensity of the stimulation light
during periods between exposure periods.
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Description

{Technical Field}

[0001] The present invention relates to scanning mi-
croscopes.

{Background Art}

[0002] In the related art, a scanning microscope of the
disk scanning type is known (e.g., see Patent Literature
1), wherein a pinhole array disk having a plurality of pin-
holes is provided, and the pinhole array disk is rotated
about a center axis so as to rapidly switch the pinholes
through which laser light is passed, whereby the position
of the laser light spot on a sample is moved so as to scan
the laser light. With a scanning microscope of the disk
scanning type, it is possible to acquire a confocal image
at high speed by scanning laser light at multiple points
via a plurality of pinholes.

{Citation List}

{Patent Literature}

[0003] {PTL 1}
Japanese Unexamined Patent Application, Publication
No. 2006-78772

{Summary of Invention}

{Technical Problem}

[0004] However, in the case where a sample is stimu-
lated with light and the response of the sample is ob-
served by using a scanning microscope of the disk scan-
ning type, if stimulation light having high intensity enters
an imaging unit, such as a charge-coupled device (CCD),
what is called a smear, i.e., a strip-shaped line, occurs
on an image, which results in a failure to acquire an ap-
propriate image after the stimulation with light.
[0005] The present invention has been made in view
of the situation described above, and it is an object there-
of to provide a scanning microscope that prevents the
effect of stimulation light from being superimposed on an
image, which enables precise observation of the re-
sponse of a sample to a light stimulus.

{Solution to Problem}

[0006] In order to achieve the above object, the present
invention provides the following solutions.
[0007] An aspect of the present invention is a scanning
microscope including an open disk having a plurality of
micro-openings that restrict a light flux of illumination light
for irradiating a sample, the plurality of micro-openings
being disposed so as to form an array about a center
axis; a rotational driving unit that rotates the open disk

about the center axis; an objective lens that irradiates
the sample with the illumination light that has passed
through the micro-openings of the open disk being rotat-
ed about the center axis by the rotational driving unit and
that collects observation light emitted at the sample and
causes the observation light to enter the micro-openings;
an image acquisition unit that acquires an image of the
sample by repeatedly capturing the observation light that
has been collected by the objective lens and that has
passed through the micro-openings; and a stimulation-
light irradiation unit that irradiates the sample with stim-
ulation light, wherein the stimulation-light irradiation unit
includes a light modulation unit that decreases the inten-
sity of the stimulation light for irradiating the sample dur-
ing an exposure period of the image acquisition unit and
increases the intensity of the stimulation light during a
period between exposure periods.
[0008] According to this aspect, the open disk is rotated
about the center axis by the rotational driving unit, where-
by the micro-openings through which the illumination light
passes are rapidly switched in accordance with the array
pattern thereof. Thus, the position of the spot of the illu-
mination light is moved so as to scan the illumination light
over the sample. Then, observation light that has been
emitted at the sample scanned with the illumination light
and that has passed through the micro-openings via the
objective lens is repeatedly captured by the image ac-
quisition unit, whereby an image of the sample is ac-
quired. Furthermore, the stimulation-light irradiation unit
irradiates the sample with stimulation light to apply a light
stimulus to the sample. Accordingly, by acquiring, by
means of the image acquisition unit, an image of the sam-
ple that has been stimulated with light by the stimulation-
light irradiation unit, it becomes possible to observe the
response of the sample to the light stimulus.
[0009] In this case, by using the light modulation unit
of the stimulation-light irradiation unit to adjust the inten-
sity of stimulation light in accordance with the exposure
periods of the image acquisition unit such that the inten-
sity of stimulation light is decreased during the exposure
periods, it is possible to prevent stimulation light having
high intensity from entering the image acquisition unit
while the image acquisition unit is acquiring an image.
This prevents the effect of the stimulation light having
high intensity from being superimposed on image infor-
mation, which enables precise observation of the re-
sponse of the sample to the light stimulus.
[0010] In the above aspect, the light modulation unit
may stop the irradiation with the stimulation light or de-
crease the intensity of the stimulation light to not greater
than a predetermined threshold during the exposure pe-
riod.
[0011] With this configuration, in the case where the
irradiation with the stimulation light is stopped, the stim-
ulation light is prevented from entering the image acqui-
sition unit, and in the case where the intensity of the stim-
ulation light is decreased to not greater than the prede-
termined threshold, even if the stimulation light enters
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the image acquisition unit, the effect of the stimulation
light on image information can be suppressed. This
serves to more reliably prevent the effect of the stimula-
tion light from being superimposed on the image infor-
mation.
[0012] In the above aspect, the exposure period of the
image acquisition unit may have a length not less than a
scanning time taken for scanning one frame at a frame
rate that is calculated on the basis of an array pattern of
the micro-openings and a rotation speed of the rotational
driving unit.
[0013] With this configuration, it is possible to acquire
an image of the sample over the entire scanning range
of the illumination light by repeatedly capturing, by means
of the image acquisition unit, the observation light from
the sample for not less than one frame at the frame rate,
i.e., the frame rate that is calculated on the basis of the
array pattern of the micro-openings and the rotation
speed of the rotational driving unit.
[0014] In the above aspect, the length of the exposure
period may be set to be substantially an integer multiple
of the scanning time.
[0015] With this configuration, it is possible to acquire
an image of the sample over the entire scanning range
of the illumination light by repeatedly capturing, by means
of the image acquisition unit, the observation light from
the sample per plurality of frames at the frame rate.
[0016] In the above aspect, the scanning microscope
may further include an optical-path combining unit that
combines an optical path of the illumination light and an
optical path of the stimulation light.
[0017] With this configuration, it is possible with the
optical-path combining unit to efficiently irradiate with the
stimulation light the observation range of the sample that
is irradiated with the illumination light. This enables ob-
servation of the direct response of the sample to a light
stimulus.
[0018] In the above aspect, the stimulation light may
irradiate the sample through the micro-openings of the
open disk being rotated about the center axis by the ro-
tational driving unit, and the light modulation unit may
increase the intensity of the stimulation light during a stim-
ulation period having a length not less than a scanning
time taken for scanning one frame at a frame rate that is
calculated on the basis of an array pattern of the micro-
openings and a rotation speed of the rotational driving
unit.
[0019] With this configuration, by adopting a common
light source for illumination light and stimulation light, a
compact and simple implementation of the microscope
becomes possible. In this case, since the sample is irra-
diated with the stimulation light having high intensity by
the open disk and the light modulation unit in each range
corresponding to at least one frame at the frame rate, it
is possible to observe the response of the sample in the
case where the entire observation range is stimulated
with light.
[0020] In the above aspect, the length of the stimulation

period may be set to be substantially an integer multiple
of the scanning time.
[0021] With this configuration, it is possible to apply,
by means of the light modulation unit, a light stimulus in
each range corresponding to a plurality of frames at the
frame rate.
[0022] In the above aspect, the light modulation unit
may allow adjustment of the timing at which the intensity
of the stimulation light is increased during a period be-
tween exposure periods.
[0023] With this configuration, it is possible to efficiently
increase the intensity of the stimulation light when irra-
diating the sample, while considering a delay between
the start of a change in the intensity of the stimulation
light and the completion of the change and avoiding the
effect of the stimulation light on image information.

{Advantageous Effects of Invention}

[0024] According to the present invention, an advan-
tage is afforded in that the effect of stimulation light is
prevented from being superimposed on an image, which
enables precise observation of the response of a sample
to a light stimulus.

{Brief Description of Drawings}

[0025]

{Fig. 1}
Fig. 1 schematically shows the configuration of a
scanning microscope according to a first embodi-
ment of the present invention.
{Fig. 2}
Fig. 2 is a plan view showing an example of an array
of a plurality of pinholes in a pinhole array disk in Fig.
1.
{Fig. 3}
Fig. 3 is a plan view showing the relationship be-
tween the pinhole array disk in Fig. 2 and exposure
periods and read periods of a camera.
{Fig. 4}
Fig. 4 is a timing chart showing an example of the
relationship between the exposure periods of the
camera and a light-stimulation timing signal.
{Fig. 5}
Fig. 5 is an enlarged view of a read period in the
timing chart in Fig. 4.
{Fig. 6}
Fig. 6 schematically shows the configuration of a
scanning microscope according to a modification of
the first embodiment of the present invention.
{Fig. 7}
Fig. 7 schematically shows the configuration of a
scanning microscope according to a second embod-
iment of the present invention.
{Fig. 8}
Fig. 8 is a plan view showing the relationship be-
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tween a pinhole array disk in Fig. 7 and exposure
periods and read periods of a camera.
{Fig. 9}
Fig. 9 is a timing chart showing an example of the
relationship among the exposure periods of the cam-
era, a light-stimulation timing signal, ON/OFF states
of illumination light, and ON/OFF states of stimula-
tion light.
{Fig. 10}
Fig. 10 is an enlarged view of the read periods in the
timing chart in Fig. 9.

{Description of Embodiments}

[First Embodiment]

[0026] A scanning microscope according to a first em-
bodiment of the present invention will be described below
with reference to the drawings.
[0027] As shown in Fig. 1, a scanning microscope 1
according to this embodiment includes a stage 3 on which
a sample S is placed, an observation optical system 5
that acquires an image of the sample S, a stimulation
optical system (stimulation light irradiation unit) 7 that
irradiates the sample S with stimulation light, and a con-
trol device 9 that controls the observation optical system
5 and the stimulation optical system 7.
[0028] The observation optical system 5 includes an
image formation laser light source (hereinafter referred
to as an image formation light source) 11 that emits laser
light that serves as illumination light, an optical fiber 13
that guides the illumination light emitted from the image
formation light source 11, a collimating lens 15 that con-
verts the illumination light guided through the optical fiber
13 into collimated light, a confocal scanner 17 that scans
the illumination light converted into collimated light via
the collimating lens 15, and an objective lens 19 that ir-
radiates the sample S with the illumination light scanned
by the confocal scanner 17 and that collects fluorescence
(observation light) that returns from the sample S.
[0029] Furthermore, the observation optical system 5
includes a dichroic mirror 21 that causes the fluorescence
collected by the objective lens 19 and returning along the
optical path of the illumination light to branch from the
optical path of the illumination light, an image forming
lens 23 that forms an image with the fluorescence
branched via the dichroic mirror 21, and a camera (image
acquisition unit) 25, such as a CCD, that captures the
image formed via the image forming lens 23.
[0030] The confocal scanner 17 is a disk-shaped scan-
ner. The confocal scanner 17 includes a pinhole array
disk (open disk) 29 having a plurality of pinholes (micro-
openings) 27 disposed so as to form an array about a
rotation axis (center axis) C, a microlens array disk 33
having a plurality of microlenses 31 disposed so as to
form an array about the rotation axis C, and a rotational
driving unit 36 that rotates the pinhole array disk 29 and
the microlens array disk 33 about the rotation axis C.

[0031] The rotational driving unit 36 includes an inter-
face circuit 36a that carries out communications with a
disk control unit 45, which will be described later, and a
DC servo motor 36b. The DC servo motor 36b includes
an encoder (not shown) that can output a rotation-speed
signal. Although the DC servo motor 36b is used in this
embodiment, without limitation thereto, a motor that al-
lows rate control, such as an AC servo motor, may be
used.
[0032] The microlens array disk 33 and the pinhole ar-
ray disk 29 are formed together with a gap therebetween
in the direction along the rotation axis C, with the micro-
lens array disk 33 disposed on the image formation light
source 11 side and the microlens array disk 33 disposed
on the sample S side. Furthermore, the microlens array
disk 33 and the pinhole array disk 29 are configured to
be rotated together about the common rotation axis C by
the rotational driving unit 36.
[0033] Furthermore, in the confocal scanner 17, the
pinholes 27 in the pinhole array disk 29 and the micro-
lenses 31 on the microlens array disk 33 are formed in
the same disk pattern (array pattern), with the individual
pinholes 27 and the individual microlenses 31 associated
with each other. Thus, illumination light that enters the
microlenses 31 is collected by the pinholes 27 associated
with the individual microlenses 31.
[0034] In the pinhole array disk 29, for example, as
shown in Fig. 2, in each fan-shaped region spanning 30°
in the circumferential direction about the rotation axis C,
a plurality of pinholes 27 are disposed from the center to
the periphery of the pinhole array disk 29, with their po-
sitions gradually shifted in the circumferential direction.
This also applies to the microlenses 31 on the microlens
array disk 33. Thus, each time the pinhole array disk 29
and the microlens array disk 33 are rotated by 30° about
the rotation axis C, the entire surface of the sample S,
i.e., one frame of the camera 25, is scanned.
[0035] Furthermore, the individual pinholes 27 are con-
figured to pass the illumination light collected by the as-
sociated microlenses 31 toward the sample S and to pass
only the fluorescence coming from the focal point of the
objective lens 19 at the sample S among the fluorescence
collected by the objective lens 19 in the direction opposite
to the direction of the illumination light.
[0036] The dichroic mirror 21 is disposed on the optical
axis of the illumination light between the microlens array
disk 33 and the pinhole array disk 29. The dichroic mirror
21 is configured to pass the illumination light collected at
the associated pinholes 27 via the individual microlenses
31 and to reflect the fluorescence from the sample S,
having passes through the pinholes 27, toward the image
forming lens 23.
[0037] The stimulation optical system 7 includes a
stimulation LED light source (hereinafter referred to as a
stimulation light source) 35 that emits laser light that
serves as stimulation light and an optical fiber 37 that
guides the stimulation light emitted from the stimulation
light source 35 to irradiate the sample S. The stimulation
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light source 35 is configured to allow direct light modu-
lation using a current.
[0038] The control device 9 includes a control unit 41
that controls the confocal scanner 17 and the camera 25
and a stimulation-timing generating unit (light modulation
unit) 43 that generates timing at which stimulation light
is emitted from the stimulation light source 35. A personal
computer (PC) 61 is connected to the control device 9.
Furthermore, an input unit 67 that allows a user to enter
an exposure time, etc. for the camera 25, such as a
mouse 63 and a keyboard 65, and a monitor 69 are con-
nected to the PC 61.
[0039] The control unit 41 includes a disk control unit
45 that controls the rotation speed of the rotational driving
unit 36 and a camera control unit 47 that controls the
exposure time of the camera 25. Furthermore, the control
unit 41 includes an interface circuit (not shown) that car-
ries out communications with the stimulation-timing gen-
erating unit 43.
[0040] The disk control unit 45 includes a drive circuit
(not shown) that sends a driving signal to the rotational
driving unit 36, a feedback circuit (not shown) that con-
trols the rotation speed on the basis of a rotation-speed
signal sent from the rotational driving unit 36, and a PC
interface circuit (not shown) that sends and receives data
to and from the PC 61. The disk control unit 45 is config-
ured to rotate the rotational driving unit 36 at a rotation
speed of 10,000 rpm.
[0041] The camera control unit 47 includes a camera
interface circuit (not shown) that receives an image signal
from the camera 25 and that sends an exposure signal
to the camera 25, a processor (not shown) that executes
various kinds of signal processing, and a PC interface
circuit (not shown) that sends image information to the
PC 61.
[0042] Here, it is possible to calculate the shortest ex-
posure time Tmin for the camera 25 on the basis of the
disk pattern (1 frame = 30°) of the pinhole array disk 29
and the rotation speed (10,000 rpm) of the rotational driv-
ing unit 36. The number of frames that can be acquired
in one revolution of the confocal scanner 17 about the
rotation axis C is 360° / 30° = 12 frames, and the fastest
frame rate is 10,000 rpm /60 s 3 12 frames = 2000 [fps].
Thus, the shortest exposure time Tmin taken to scan one
frame at this frame rate is 1 / 2000 [fps] = 0.5 [ms].
[0043] In the control unit 41, for example, the exposure
time T that can be set by the user is restricted to values
not less than the shortest exposure time Tmin, and a
substantially integer multiple (Tmin 3 N) of the shortest
exposure time Tmin is set as a recommended value of
the exposure time T. For example, in the case of the
fastest rate, the exposure time is set to T = the shortest
exposure time Tmin 3 1 = 0.5 [ms].
[0044] The camera control unit 47 is configured to gen-
erate an exposure signal from the exposure time T set
for the camera 25 by the user and the read time Tr in
which image information acquired by the camera 25 is
transferred to the PC 61. As shown in Figs. 3 and 4, the

exposure signal alternates between periods of the expo-
sure time T (T1, T2, T3, ...) (exposure periods) and pe-
riods of the read time Tr (Tr1, Tr2, Tr3, ...). It is permis-
sible to adjust the read time Tr, with its minimum value
being regulated by the fastest rate defined for the camera
25. Furthermore, the camera control unit 47 is configured
to drive the camera 25 on the basis of the generated
exposure signal.
[0045] The stimulation-timing generating unit 43 is
configured to modulate light emitted from the stimulation
light source 35 on the basis of the exposure signal gen-
erated by the camera control unit 47 so as to decrease
the intensity of the stimulation light for stimulating the
sample S during periods of the exposure time T of the
camera 25 and so as to increase the intensity of the stim-
ulation light during periods between the periods of the
exposure time T. Specifically, the stimulation-timing gen-
erating unit 43 includes a camera-control-unit interface
circuit (not shown) that receives the exposure signal sent
from the camera control unit 47, a stimulation-light-
source interface circuit (not shown) that sends a light
modulation signal to the stimulation light source 35, a
central processing unit (CPU) (not shown) that converts
the exposure signal sent from the camera control unit 47
into a light modulation signal for the stimulation light
source 35, and a memory (not shown) in which a program
for the operation of the CPU is written. Thus configured,
the stimulation-timing generating unit 43 operates as a
light modulation unit for the stimulation light source 35.
[0046] Specifically, as shown in Fig. 4, the stimulation-
timing generating unit 43 is configured to generate a tim-
ing signal for light stimulation so as to emit stimulation
light from the stimulation light source 35 (ON) in each
period between periods of the exposure time T, i.e., in
each period of the read time Tr, and so as to stop the
emission of stimulation light from the stimulation light
source 35 (OFF) in each period of the exposure time T,
i.e., in each period between periods of the read time Tr,
thereby switching the stimulation light source 35
ON/OFF. The timing signal for light stimulation may be
any signal that allows recognition of periods of the read
time Tr. For example, the timing signal for light stimulation
may be generated on the basis of a signal from the cam-
era 25 or a trigger signal for the camera 25.
[0047] Furthermore, the stimulation-timing generating
unit 43 is configured to adjust the timing at which stimu-
lation light is emitted from the stimulation light source 35
in periods of the read time Tr. For example, as shown in
Fig. 5, the user is allowed to set a period Tw1 from the
start of the read time Tr to just before the emission of
stimulation light from the stimulation light source 35, a
period Tw2 during which stimulation light is actually emit-
ted from the stimulation light source 35, and a period Tw3
from the end of emission of stimulation light from the stim-
ulation light source 35 to the end of the read time Tr.
[0048] Preferably, these periods Tw1, Tw2, and Tw3
should be set in consideration of delays associated with
activation and deactivation of the stimulation light source
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35 such that stimulation light is emitted from the stimu-
lation light source 35 only in periods of the read time Tr.
This makes it possible to efficiently irradiate the sample
S with stimulation light having high intensity from the stim-
ulation light source 35, while avoiding the effect of the
stimulation light on the image information.
[0049] The operation of the thus-configured scanning
microscope 1 will now be described.
[0050] In the case where a sample S is stimulated with
light and the resulting response is observed by using the
scanning microscope 1 according to this embodiment,
first, by using the input unit 67, the user sets the exposure
time T of the camera 25 and the periods Tw1, Tw2, and
Tw3 relating to the emission of stimulation light during
periods of the read time Tr. For example, the exposure
time T = 0.5 ms. Then, in the observation optical system
5, the rotational driving unit 36 rotates the confocal scan-
ner 17 about the rotation axis C, and the image-formation
light source 11 emits illumination light.
[0051] The illumination light emitted from the image-
formation light source 11 is guided through the optical
fiber 13, is converted into collimated light via the colli-
mating lens 15, and enters the confocal scanner 17. The
illumination light that has entered the confocal scanner
17 is collected by the microlenses 31 disposed on the
optical path of the illumination light, passes through the
dichroic mirror 21, passes through the pinholes 27 also
disposed on the optical path of the illumination light, and
irradiates the sample S via the objective lens 19.
[0052] As the microlenses 31 and the pinholes 27
through which the illumination light passes change rap-
idly in accordance with the rotation of the confocal scan-
ner 17, the position of the spot of the illumination light on
the sample S is moved according to the pattern of the
microlenses 31 and the pinholes 27, whereby the illumi-
nation light is scanned over the sample S.
[0053] The fluorescence generated at the sample S
irradiated with the illumination light is collected by the
objective lens 19, returns along the optical path of the
illumination light, passes through the pinholes 27, and is
reflected by the dichroic mirror 21 toward the image form-
ing lens 23. Then, the fluorescence forms an image via
the image forming lens 23 and is captured by the camera
25. Thus, image information for the sample S, based on
the captured fluorescence, is acquired by the camera 25.
[0054] Next, in the case where the sample S is stimu-
lated with light by using the scanning microscope 1 ac-
cording to this embodiment, in the stimulation optical sys-
tem 7, the stimulation light source 35 emits stimulation
light having a higher intensity than the illumination light,
and the sample S is irradiated with the stimulation light
via the optical fiber 37, whereby the sample S is stimu-
lated with light.
[0055] As described above, by acquiring image infor-
mation for the sample S by means of the observation
optical system 5 and by stimulating the sample S with
light by means of the stimulation optical system 7, the
user can observe the response of the sample S to the

light stimulus while viewing the sample S on the monitor
69, etc.
[0056] In this case, the camera control unit 47 controls
the camera 25 on the basis of an exposure signal gen-
erated from the exposure time T set by the user and the
read time Tr of the camera 25 so that periods of the ex-
posure time (T1, T2, T3, ...) and periods of the read time
(Tr1, Tr2, Tr3, ...) alternate, as shown in Figs. 3 and 4.
Then, the camera 25 captures the fluorescence from the
sample S during a period of the exposure time T and
transfers the image information to the PC 61 during a
period of the read time Tr.
[0057] Furthermore, the stimulation-timing generating
unit 43 modulates light emitted from the stimulation light
source 35 on the basis of a light-stimulation timing signal
generated from the exposure signal of the camera control
unit 47, whereby the emission of stimulation light from
the stimulation light source 35 is stopped (OFF) during
periods of the exposure time T of the camera 25, and
stimulation light is emitted from the stimulation light
source 35 (ON) during periods of the read time Tr of the
camera 25.
[0058] Thus, it is possible to prevent stimulation light
having high intensity from entering the camera 25 when
image information is being acquired by the camera 25
during exposure periods of the camera 25. Accordingly,
with the scanning microscope 1 according to this embod-
iment, it is possible to prevent the effect of stimulation
light having high intensity from being superimposed on
image information. This makes it possible to precisely
observe the response of the sample S to a light stimulus.
[0059] This embodiment can be modified as follow.
[0060] For example, as shown in Fig. 6, the scanning
microscope 1 may include, instead of the optical fiber 37,
a dichroic mirror (optical-path combining unit) 49 that
combines the optical path of the illumination light and the
optical path of the stimulation light.
[0061] In this case, the dichroic mirror 49 should be
disposed on the optical path of the illumination light and
the fluorescence between the confocal scanner 17 and
the objective lens 19. Furthermore, the dichroic mirror 49
should be configured to pass the illumination light from
the image-formation light source 11 and the fluorescence
from the sample S and to reflect the stimulation light emit-
ted from the stimulation light source 35 toward the ob-
jective lens 19.
[0062] With this configuration, the dichroic mirror 49
makes it possible to efficiently irradiate, with stimulation
light, the observation range of the sample S irradiated
with illumination light. This makes it possible to observe
the direct response of the sample S to a light stimulus.
[0063] In this modification, a scanning unit, such as a
galvanometer scanner, that scans the stimulation light
emitted from the stimulation light source 35 over the sam-
ple S may be provided.
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[Second Embodiment]

[0064] Next, a scanning microscope according to a
second embodiment of the present invention will be de-
scribed.
[0065] As shown in Fig. 7 scanning microscope 51 ac-
cording to this embodiment differs from the first embod-
iment in that it includes a laser light source 53 that is
capable of selectively emitting illumination light and stim-
ulation light having different wavelengths, instead of the
image-formation light source 11, the optical fiber 37, and
the stimulation light source 35.
[0066] Hereinafter, parts that are configured the same
as those in the scanning microscope 1 according to the
first embodiment are designated by the same reference
signs, and descriptions thereof will be omitted.
[0067] The laser light source 53 is configured to selec-
tively emit laser light having different wavelengths. Sim-
ilarly to the illumination light emitted from the image-for-
mation light source 11 in the first embodiment, illumina-
tion light and stimulation light emitted from the laser light
source 53 are guided through the optical fiber 13, are
converted into collimated light via the collimating lens 15,
and irradiate the sample S via the confocal scanner 17
and the objective lens 19. Furthermore, light emitted from
the laser light source 53 is modulated by the stimulation-
timing generating unit 43 on the basis of a light-stimula-
tion timing signal.
[0068] The camera control unit 47 is configured to gen-
erate an exposure signal from the exposure time T of the
camera 25, set by the user via the input unit 67, and the
read time Tr of the camera 25, where the read time Tr of
the camera 25 ≥ the shortest exposure time Tmin. The
exposure signal alternates between periods of the expo-
sure time T and periods of the read time Tr, as shown in
Figs. 8 and 9. As the read time Tr, which is not less than
the shortest exposure time Tmin, a substantially integer
multiple of the shortest exposure time Tmin is set as a
recommended value, and adjustment by the user is al-
lowed.
[0069] The stimulation-timing generating unit 43 is
configured to generate a light-stimulation timing signal
on the basis of an exposure signal generated by the cam-
era control unit 47, such that, for example, as shown in
Fig. 9, the laser light source 53 emits stimulation light
having a higher intensity than illumination light during pe-
riods of the read time Tr (stimulation periods) having a
length not less than a scanning time taken for scanning
one frame at the frame rate, as calculated on the basis
of the disk pattern of the pinhole array disk 29 and the
rotation speed of the rotational driving unit 36.
[0070] Furthermore, the stimulation-timing generating
unit 43 is configured to allow the user to set periods Tw1,
Tw2, and Tw3 during periods of the read time Tr, where
Tw1 signifies a period from the start of the read time Tr
to just before the emission of stimulation light from the
stimulation light source 35, Tw2 signifies a period during
which the stimulation light source 35 is actually emitting

stimulation light, and Tw3 signifies a period from the end
of emission of stimulation light from the stimulation light
source 35 to the end of the read time Tr.
[0071] The operation of the thus-configured scanning
microscope 51 will now be described.
[0072] In the case where a sample S is stimulated with
light and the resulting response is observed by using the
scanning microscope 51 according to this embodiment,
first, by using the input unit 67, the user sets the exposure
time T of the camera 25 and the periods Tw1, Tw2, and
Tw3 relating to the emission of stimulation light during
periods of the read time Tr. Then, the rotational driving
unit 36 rotates the confocal scanner 17 about the rotation
axis C, and the laser light source 53 emits illumination
light. For example, the exposure time T = 0.5 ms, and
the read time Tr = 0.5 ms. Hereinafter, a description of
the acquisition of image information for the sample S will
be omitted since it is the same as in the first embodiment.
[0073] Next, in the case where the sample S is stimu-
lated with light, the laser light source 53 emits stimulation
light having a higher intensity instead of the illumination
light, while the confocal scanner 17 continues to be ro-
tated about the rotation axis C. Similarly to the illumina-
tion light, the stimulation light emitted from the laser light
source 53 is guided through the optical fiber 13, is con-
verted into collimated light via the collimating lens 15,
then passes through the confocal scanner 17, and irra-
diates the sample S via the objective lens 19. Thus, sim-
ilarly to the illumination light, the stimulation light is
scanned over the sample S in accordance with the disk
pattern of the confocal scanner 17.
[0074] As described above, by acquiring image infor-
mation for the sample S with the common laser light
source 53 by means of the observation optical system 5
and by stimulating the sample S with light by means of
the stimulation optical system 7, the user can observe
the response of the sample S to the light stimulus while
viewing the sample S on the monitor 69, etc.
[0075] In this case, the camera control unit 47 controls
the camera 25 on the basis of an exposure signal gen-
erated from the exposure time T set by the user and the
read time Tr of the camera 25 so that periods of the ex-
posure time (T1, T2, ...) and periods of the read time (Tr1,
Tr2, ...) alternate, as shown in Figs. 8 and 9. Then, the
camera 25 captures the fluorescence from the sample S
during a period of the exposure time T and transfers the
image information to the PC 61 during a period of the
read time Tr.
[0076] Furthermore, the stimulation-timing generating
unit 43 modulates light emitted from the laser light source
53 on the basis of a light-stimulation timing signal gen-
erated from the exposure signal of the camera control
unit 47, whereby the emission of stimulation light from
the laser light source 53 is stopped (OFF) during periods
of the exposure time T of the camera 25, and stimulation
light is emitted from the laser light source 53 (ON) during
periods of the read time Tr of the camera 25. This pre-
vents stimulation light having high intensity from entering
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the camera 25 while image information is being acquired
by the camera 25.
[0077] As described above, with the scanning micro-
scope 51 according to this embodiment, illumination light
and stimulation light are emitted from the common laser
light source 53, which enables a compact and simple
implementation of the scanning microscope 51. Further-
more, since the sample S is irradiated with stimulation
light having high intensity by the confocal scanner 17 and
the stimulation-timing generating unit 43, in each range
corresponding to one frame at the frame rate calculated
on the basis of the disk pattern of the pinhole array disk
29 and the rotation speed of the rotational driving unit
36, it is possible to observe the response of the sample
S in the case where the entire observation range is stim-
ulated with light.
[0078] Although the embodiments of the present in-
vention have been described above in detail with refer-
ence to the drawings, specific configurations of the
present invention are not limited to those in the embod-
iments, and the present invention includes design mod-
ifications, etc. within the scope thereof. For example,
without limitation to application to the above embodi-
ments and modifications, the present invention may be
applied to embodiments in which the above embodi-
ments and modifications are combined as appropriate,
without any particular limitation.
[0079] Furthermore, although the stimulation-timing
generating unit 43 stops the emission of stimulation light
during periods of the exposure time T in the above em-
bodiments, alternatively, for example, the stimulation-
timing generating unit 43 may decrease the intensity of
the stimulation light to not greater than a predetermined
threshold during periods of the exposure time T. For ex-
ample, the stimulation-timing generating unit 43 may be
configured such that normal stimulation light having high-
er intensity than illumination light is emitted from the stim-
ulation light source 35 or the laser light source 53 during
each period between periods of the exposure time T and
such that stimulation light having an intensity not greater
than the predetermined threshold is emitted from the
stimulation light source 35 or the laser light source 53
during each period of the exposure time T.
[0080] For example, the predetermined threshold may
be set to be a maximum value of intensity with which the
sample S is not stimulated even when irradiated with
stimulation light. Also in this case, even if stimulation light
enters the camera 25, the effect of the stimulation light
on the image information can be suppressed. The above
configuration is effective in a case where, if the emission
of stimulation light from the stimulation light source 35 or
the laser light source 53 is stopped, it takes time to re-
activate the stimulation light source 35 or the laser light
source 53, and thus it is not possible to emit stimulation
light having high intensity at the desired timing.
[0081] Furthermore, although light emitted from the
stimulation light source 35 or the laser light source 53 is
directly modulated in the above embodiments, alterna-

tively, for example, an acousto-optic element may be
adopted to modulate the stimulation light emitted from
the stimulation light source 35 or the laser light source
53. Alternatively, an optical chopper or shutter may be
disposed on the optical path of stimulation light emitted
from the stimulation light source 35, and it is acceptable
to switch between emission (ON) and stopping (OFF) of
stimulation light by opening and closing the optical path
by means of the optical chopper or shutter. In this case,
the driving of the optical chopper or shutter can be con-
trolled by the stimulation-timing generating unit 43.
[0082] Furthermore, although stimulation light is emit-
ted from the stimulation light source 35 or the laser light
source 53 in each period of the read time Tr in the above
embodiments, alternatively, stimulation light may be
emitted from the stimulation light source 35 or the laser
light source 53 only during a period of the read time Tr
among a plurality of periods of the read time Tr, or stim-
ulation light may be emitted from the stimulation light
source 35 or the laser light source 53 only during some
chosen periods of the read time Tr.
[0083] Furthermore, although the pinholes 27 and the
microlenses 31 are disposed such that scanning for one
frame at the frame rate takes place each time the confocal
scanner 17 is rotated by 30° about the rotation axis C in
the above embodiments, without limitation to the embod-
iments, for example, the pinholes 27 and the microlenses
31 may be disposed such that scanning for one frame at
the frame rate takes place each time the confocal scanner
17 is rotated about the rotation axis C by an angle other
than 30°, such as 15°, 45°, or 60°.
[0084] Furthermore, although an LED is used as the
stimulation light source 35 as an example in the above
embodiments, alternatively, for example, a laser or a
mercury light source may be adopted as the stimulation
light source 35.

{Reference Signs List}

[0085]

1, 51 Scanning microscopes
7 Stimulation optical system (stimulation-light irradi-
ation unit)
19 Objective lens
25 Camera (image acquisition unit)
27 Pinholes (micro-openings)
29 Pinhole array disk (open disk)
36 Rotational driving unit
43 Stimulation-timing generating unit (light modula-
tion unit)
49 Dichroic mirror (optical-path combining unit)
S Sample

Claims

1. A scanning microscope comprising:
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an open disk having a plurality of micro-open-
ings that restrict a light flux of illumination light
for irradiating a sample, the plurality of micro-
openings being disposed so as to form an array
about a center axis;
a rotational driving unit that rotates the open disk
about the center axis;
an objective lens that irradiates the sample with
the illumination light that has passed through the
micro-openings of the open disk being rotated
about the center axis by the rotational driving
unit and that collects observation light emitted
at the sample and causes the observation light
to enter the micro-openings;
an image acquisition unit that acquires an image
of the sample by repeatedly capturing the ob-
servation light that has been collected by the
objective lens and that has passed through the
micro-openings; and
a stimulation-light irradiation unit that irradiates
the sample with stimulation light,
wherein the stimulation-light irradiation unit in-
cludes a light modulation unit that decreases the
intensity of the stimulation light for irradiating the
sample during an exposure period of the image
acquisition unit and increases the intensity of
the stimulation light during a period between ex-
posure periods.

2. A scanning microscope according to Claim 1, where-
in the light modulation unit stops the irradiation with
the stimulation light or decreases the intensity of the
stimulation light to not greater than a predetermined
threshold during the exposure period.

3. A scanning microscope according to Claim 1 or 2,
wherein the exposure period of the image acquisition
unit has a length not less than a scanning time taken
for scanning one frame at a frame rate that is calcu-
lated on the basis of an array pattern of the micro-
openings and a rotation speed of the rotational driv-
ing unit.

4. A scanning microscope according to Claim 3, where-
in the length of the exposure period is set to be sub-
stantially an integer multiple of the scanning time.

5. A scanning microscope according to any one of
Claims 1 to 4, further comprising an optical-path
combining unit that combines an optical path of the
illumination light and an optical path of the stimula-
tion light.

6. A scanning microscope according to any one of
Claims 1 to 5,
wherein the stimulation light irradiates the sample
through the micro-openings of the open disk being
rotated about the center axis by the rotational driving

unit, and
wherein the light modulation unit increases the in-
tensity of the stimulation light during a stimulation
period having a length not less than a scanning time
taken for scanning one frame at a frame rate that is
calculated on the basis of an array pattern of the
micro-openings and a rotation speed of the rotational
driving unit.

7. A scanning microscope according to Claim 6, where-
in the length of the stimulation period is set to be
substantially an integer multiple of the scanning time.

8. A scanning microscope according to any one of
Claims 1 to 7, wherein the light modulation unit allows
adjustment of the timing at which the intensity of the
stimulation light is increased during a period between
exposure periods.
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