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Description

TECHNICAL FIELD

[0001] The present invention relates to a laser scan-
ning microscope such as a confocal laser scanning mi-
croscope and a confocal fluorescence laser scanning mi-
croscope.

BACKGROUND ART

[0002] There has been proposed a laser scanning mi-
croscope in which an optical system for light stimulus is
combined with an optical system for imaging (refer to
Patent Document 1). With the use of this microscope, it
is possible to apply a stimulus to a part of a sample with
light of specific wavelength and to observe a change gen-
erated in the periphery of the part of the sample (light
stimulus observation).
[0003] The laser scanning microscope includes a plu-
rality of scanning optical systems and one detecting op-
tical system, in which the detecting optical system is op-
tically coupled to a sample via one scanning optical unit
among the plurality of scanning optical systems (refer to
Patent Document 2). Therefore, a fluorescence generat-
ed from a fluorescent reagent exited by a first light beam
advances in the opposite direction along the same light
path as that of the first light beam and guided to the de-
tecting optical system. Further, a fluorescence generated
from a fluorescent reagent exited by a second light beam
also advances in the opposite direction along the same
light path as that of the first light beam and guided to the
detecting optical system.
Patent Document 1: Japanese Unexamined Patent Ap-
plication Publication No. H10-206742
Patent Document 2: Japanese Unexamined Patent Ap-
plication Publication No. 2005-189290
[0004] Patent application EP 1 617 252 relates to a
Raster Scanning Light Microscope with a punctiform light
source distribution. The microscope includes at least one
illumination module in which a variable partition of the
laser light into at least two illumination channels are
achieved and joint illumination of a sample takes place
at the same or at different areas of the sample.

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] However, in the microscope disclosed in Patent
Document 1, the optical system for light stimulus exists
independently from the optical system for imaging, so
that both a light source and a galvanometer scanner dis-
posed in the optical system for light stimulus can be used
only for applying the light stimulus.
[0006] For instance, even if an imaging wavelength
and a light stimulus wavelength of a certain sample are
the same, there is a need to mount each one of the same

light sources on both the optical system for imaging and
the optical system for light stimulus.
[0007] Further, in the microscope disclosed in Patent
Document 2, the fluorescence generated from the fluo-
rescent reagent exited by the second light beam is guided
to the detecting optical system by using a first scanning
unit (scanner) which is different from a second optical
scanning unit (scanner) used for scanning with the sec-
ond light beam, so that the both scanners have to be the
same type, and to obtain images, they have to be syn-
chronized in an accurate manner.
[0008] Accordingly, a proposition of the present inven-
tion is to provide a laser scanning microscope capable
of enhancing the degree of freedom of observation while
keeping its structure simple.

MEANS FOR SOLVING THE PROBLEMS

[0009] Aspects of the present invention are set out in
the appended claims.

EFFECTS OF THE INVENTION

[0010] According to the present invention, a laser scan-
ning microscope capable of enhancing the degree of
freedom of observation while keeping its structure simple
is realized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

Fig. 1 is a structural view of a system of a first em-
bodiment.

Fig. 2 is a view showing a procedure in a second
embodiment.

Fig. 3 is a conceptual diagram to explain a light path
of argon laser light in the second embodiment.

Fig. 4 is a conceptual diagram to explain a light path
of ultraviolet laser light in the second embodiment.

Fig. 5 is a view showing a procedure in a third em-
bodiment.

Fig. 6 is a conceptual diagram to explain a light path
of argon laser light of low intensity in the third em-
bodiment.

Fig. 7 is a conceptual diagram to explain a light path
of argon laser light of high intensity in the third em-
bodiment.

Fig. 8 is a view showing a procedure in a fourth em-
bodiment.
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BEST MODE FOR CARRYING OUT THE INVENTION

[First embodiment]

[0012] Hereinafter, a first embodiment will be ex-
plained. The present embodiment is an embodiment of
a confocal fluorescence laser scanning microscope sys-
tem.
[0013] First, a structure of the present system will be
described.
[0014] Fig. 1 is a structural view of the present system.
As shown in Fig. 1, the present system includes a main
body of microscope 100, a controller 20, a computer 21,
a monitor 22, an input device 23 and the like.
[0015] In the main body of microscope 100, a laser unit
1, an optical fiber 7, a collimating lens 8, a dichroic mirror
9, a light path switching unit 10, a controllable galvanom-
eter scanner 11, a light path switching unit 13, a resonant
galvanometer scanner 12, a relay lens 14, an objective
lens 15, a sample 16, a collecting lens 17, a pinhole di-
aphragm for confocal detection 18, a light detector 19
and the like are disposed. Among them, the dichroic mir-
ror 9, the collecting lens 17, the pinhole diaphragm 18
and the light detector 19 form a detecting optical system
100A. Note that the sample 16 is a sample for observing
fluorescence (sample to which a fluorescent dye is add-
ed) supported on a not-shown stage.
[0016] The controllable galvanometer scanner 11 is
provided with a galvanometer mirror for main scanning
and a galvanometer mirror for vertical scanning which
are disposed in serial relationship, and the resonant gal-
vanometer scanner 12 is provided with a resonant gal-
vanometer mirror for main scanning and a controllable
galvanometer mirror for vertical scanning which are dis-
posed in serial relationship. Between the two scanners,
the controllable galvanometer scanner 11 has an advan-
tage that a scanning area can be freely set although a
scanning speed is slow, which is effective when an irra-
diation target of laser light is limited to a desired partial
area of an observation area of the sample 16, and the
resonant galvanometer scanner 12 has an advantage
that a scanning speed is fast although it is difficult to freely
set a scanning area, which is effective when performing
laser scanning over the sample 16 at high speed.
[0017] A plurality of kinds of laser light sources (here,
two laser light sources 2 and 3) are mounted on the laser
unit 1. Emission light paths of the laser light sources 2
and 3 are combined into a common light path by a com-
bining mirror 4, and in the common light path, an acoustic
optical filter (AOTF) 5 is inserted. By controlling the AOTF
5 and each of the laser light sources 2 and 3, the laser
unit 1 performs a setting of the applied light sources, an
on/off control of the emission light, a control of intensity
of the emission light, and the like.
[0018] Laser light emitted from the laser unit 1 is inci-
dent on one end of the optical fiber 7 via a fiber coupler
6. The laser light propagates inside the optical fiber 7,
and then it is incident from the other end of the optical

fiber 7, and after being turned into parallel pencil of light
by the collimating lens 8, it is incident on the dichroic
mirror 9. The laser light passes through the dichroic mirror
9 and is incident on a dichroic mirror 10D of the light path
switching unit 10.
[0019] The laser light with short wavelength transmit-
ted through the dichroic mirror 10D passes through a
light path R1, and after being reflected by the controllable
galvanometer scanner 11, it is incident on a dichroic mir-
ror 13D of the light path switching unit 13. Since a char-
acteristic of the dichroic mirror 13D is set in the same
manner as a characteristic of the dichroic mirror 10D, the
laser light passed through the light path R1 transmits
through the dichroic mirror 13D, passes through the relay
lens 14 and the objective lens 15, and forms a spot on
the sample 16. A fluorescence generated from the spot
(a wavelength thereof is little longer than that of the laser
light) advances in the opposite direction along the same
light path R1 as that of the laser light which forms the
spot, toward the dichroic mirror 9. When the controllable
galvanometer scanner 11 is driven under this state, the
spot two-dimensionally scans over the sample 16.
[0020] Meanwhile, the laser light with comparatively
long wavelength reflected by the dichroic mirror 10D
passes through a light path R2 which is different from the
light path R1, and after being reflected by the resonant
galvanometer scanner 12, it is incident on the dichroic
mirror 13D of the light path switching unit 13. Since the
characteristic of the dichroic mirror 13D is set in the same
manner as that of the dichroic mirror 10D, the laser light
passed through the light path R2 is reflected by the di-
chroic mirror 13D, passes through the relay lens 14 and
the objective lens 15, and forms a spot on the sample
16. A fluorescence generated from the spot (a wave-
length thereof is little longer than that of the laser light
which forms the spot) advances in the opposite direction
along the same light path R2 as that of the laser light
which forms the spot, toward the dichroic mirror 9. When
the resonant galvanometer scanner 12 is driven under
this state, the spot two-dimensionally scans over the
sample 16.
[0021] The fluorescence incident on the dichroic mirror
9 is reflected by the dichroic mirror 9 and taken into the
detecting optical system 100A. The fluorescence con-
densed by the collecting lens 17 and passed through the
pinhole diaphragm 18 is incident on the light detector 19
and converted into an electrical signal.
[0022] Here, each of the light path switching units 10
and 13 is formed of a turret. The light path switching unit
10 is equipped with the dichroic mirror 10D, an all-reflec-
tive mirror 10M and a not-shown hollow block, and can
switch an optical element (set element) to be inserted
into the light path to one among these three. In like man-
ner, the light path switching unit 13 is equipped with the
dichroic mirror 13D, an all-reflective mirror 13M and a
not-shown hollow block, and can switch an optical ele-
ment (set element) to be inserted into the light path to
one among these three.
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[0023] When a combination of set elements of the light
path switching units 10 and 13 is set to that of dichroic
mirrors 10D and 13D as shown in Fig. 1, a light path
between the dichroic mirror 9 and the relay lens 14 is
separated into the light path R1 and the light path R2
depending on each wavelength.
[0024] Meanwhile, when the combination of set ele-
ments of the light path switching units 10 and 13 is set
to that of all-reflective mirrors 10M and 13M, the light
path between the dichroic mirror 9 and the relay lens 14
takes only the light path R2 without depending on the
wavelength.
[0025] Further, when the combination of set elements
of the light path switching units 10 and 13 is set to that
of each of the hollow blocks, the light path between the
dichroic mirror 9 and the relay lens 14 takes only the light
path R1 without depending on the wavelength.
[0026] Now, each of the light path switching units 10
and 13 is electrically-driven by a motor. Note that since
it is allowable that the combinations of set elements are
only three combinations, which are, the combination of
dichroic mirrors 1OD and 13D, the combination of all-
reflective mirrors 10M and 13M and the combination of
respective hollow blocks, a connection destination of the
light path switching units 10 and 13 can be a common
motor.
[0027] Further, the light path switching units 10 and 13
and the other driving parts of the main body of microscope
100 (the laser unit 1, the controllable galvanometer scan-
ner 11, the resonant galvanometer scanner 12, the light
detector 19 and the like) are controlled by the controller
20. The controller 20 is under the control of the computer
21, and an instruction from a user is given to the computer
21 via the monitor 22 and the input device 23, and is
given to the controller 20 via the computer 21.
[0028] In accordance with the instruction from the com-
puter 21, the controller 20 gives necessary instructions
and driving signals to the respective driving parts of the
main body of microscope 100, to thereby set and drive
the main body of microscope 100.
[0029] For instance, if the controller 20 takes the elec-
trical signal from the light detector 19 while synchronous-
ly driving the laser unit 1, the resonant galvanometer
scanner 12 and the light detector 19 after setting the main
body of microscope 100 so that the light path R2 is ef-
fective, it is possible to obtain (to perform an imaging of)
fluorescence image data of an observation area of the
sample 16. The fluorescence image data is transmitted
from the controller 20 to the computer 21, and then trans-
mitted to the monitor 22 or stored in the computer 21 if
necessary.
[0030] As described above, the main body of micro-
scope 100 of the present system disposes, with the use
of the light path switching units 10 and 13, a pair of gal-
vanometer scanners (the controllable galvanometer
scanner 11 and the resonant galvanometer scanner 12)
in parallel relationship with respect to the light paths be-
tween the dichroic mirror 9 and the sample 16, so that

one laser unit 1 and one detecting optical system 100A
are used in common by the pair of galvanometer scan-
ners (the controllable galvanometer scanner 11 and the
resonant galvanometer scanner 12).
[0031] Therefore, the main body of microscope 100 of
the present system can select a destination of an incident
light of the laser unit 1 between the pair of galvanometer
scanners and to select a galvanometer scanner used for
the imaging between the pair of galvanometer scanners,
although it is equipped with only one laser unit 1 and only
one detecting optical system 100A.
[0032] Further, since the light path switching units 10
and 13 are provided with beam splitters (here, the dich-
roic mirrors 10D and 13D) as one of the optical elements
capable of being inserted into the light paths, they are
also get the laser light from the laser unit possible to
simultaneously incident onto the pair of galvanometer
scanners (the controllable galvanometer scanner 11 and
the resonant galvanometer scanner 12).
[0033] Note that in the main body of microscope 100
of the present system, the branching points of the light
paths R1 and R2 on which the pair of galvanometer scan-
ners is disposed are between the dichroic mirror 9 and
the relay lens 14, but, they may be between the relay
lens 14 and the objective lens 15 or in a light path of the
relay lens 14. However, if either of the branching points
is set in the light path of the relay lens 14, there is a need
to dispose a part of the relay lens on each of the light
paths R1 and R2, resulting that the number of optical
elements is increased a little.
[0034] Further, in the main body of microscope 100 of
the present system, the light path switching units 10 and
13 are formed of the turrets, but, they may be formed of
other mechanisms such as slide mechanisms.
[0035] Further, in the main body of microscope 100 of
the present system, the light path switching units 10 and
13 are electrically-driven by the motors, but, the motors
may be omitted and the switching operation may be con-
ducted manually.

[Second embodiment]

[0036] Hereinafter, a second embodiment will be de-
scribed. The present embodiment is an embodiment of
a light stimulus observation method in which a light stim-
ulus and an imaging are simultaneously performed using
the system of the first embodiment.
[0037] Here, an excitation wavelength of the fluores-
cent dye applied to the sample 16 is set to 488 nm, and
a wavelength of the light stimulus to be given to the sam-
ple 16 is set to 405 nm.
[0038] In this case, the respective parts of the main
body of microscope 100 are set as follows, for instance.

· Laser light source 2: ultraviolet laser light source
(wavelength of 405 nm)
· Laser light source 3: argon laser light source (wave-
length of 488 nm)
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· Dichroic mirror 9: dichroic mirror which transmits
light of a short wavelength side including 488 nm and
reflects light of a long wavelength side longer than
488 nm
· Dichroic mirrors 10D and 13D: dichroic mirrors
which transmit light of a short wavelength side short-
er than 488 nm and reflects light of a long wavelength
side including 488 nm

[0039] A procedure of the light stimulus observation is
as shown in Fig. 2.

(Step 1)

[0040] The controller 20 sets the applied light source
of the laser unit 1 to the laser light source 3 (argon laser
light source), and sets the combination of set elements
of the light path switching units 10 and 13 to that of dich-
roic mirrors 10D and 13D as shown in Fig. 3.
[0041] At this time, the laser light capable of being emit-
ted from the laser unit 1 is only the argon laser light with
488 nm of wavelength. This argon laser light can reach
the sample 16 by passing through the light path R2 as
shown by a solid line in Fig. 3, and a spot of the argon
laser light can scan over an entire observation area of
the sample 16 (refer to a lower part in Fig. 3) using the
resonant galvanometer scanner 12. Since a fluores-
cence generated from the spot can be reflected by the
dichroic mirror 9 as shown by a dotted line in Fig. 3, it is
extracted to a side of the detecting optical system 100A.

(Step 2)

[0042] The controller 20 drives the laser unit 1, the res-
onant galvanometer scanner 12 and the light detector
19, and performs an imaging of the entire observation
area of the sample 16 (refer to the lower part in Fig. 3)
with the argon laser light. Fluorescence image data of
the sample 16 obtained through this imaging is transmit-
ted to the computer 21.

(Step 3)

[0043] The computer 21 outputs the fluorescence im-
age data of the sample 16 to the monitor 22 and gets a
user to designate, on a screen of the monitor 22, a partial
area to which the light stimulus is applied. Through the
operation of the input device 23, the user designates a
desired partial area with respect to the computer 21. In-
formation regarding the partial area designated by the
user is transmitted to the controller 20.

(Step 4)

[0044] The controller 20 sets a scanning area of the
controllable galvanometer scanner 11 to the partial area
designated by the user, and sets the applied light sources
of the laser unit 1 to both the laser light sources 2 and 3

(the ultraviolet laser light source and the argon laser light
source).
[0045] At this time, the laser lights capable of being
emitted from the laser unit 1 are both the argon laser light
with 488 nm of wavelength and the ultraviolet laser light
with 405 nm of wavelength.
[0046] Between them, the argon laser light can reach
the sample 16 by passing through the light path R2 as
shown by a solid line in Fig. 3, and a spot of the argon
laser light can scan over the entire observation area of
the sample 16 (refer to the lower part in Fig. 3) using the
resonant galvanometer scanner 12. Since a fluores-
cence generated from the spot can be reflected by the
dichroic mirror 9 as shown by a dotted line in Fig. 3, it is
extracted to a side of the detecting optical system 100A.
[0047] Meanwhile, the ultraviolet laser light can reach
the sample 16 by passing through the light path R1 as
shown by a solid line in Fig. 4, and a spot of the ultraviolet
laser light can scan over the partial area of the sample
16 (refer to a lower part in Fig. 4) using the controllable
galvanometer scanner 11. Since a fluorescence gener-
ated from the spot (which is considered to be generated
more or less) is reflected by the dichroic mirror 13D and
incident on the resonant galvanometer scanner 12 as
shown by a dotted line in Fig. 4, and thus it does not pass
through the same scanner, no descan is occurred and
the fluorescence does not pass through the pinhole of
the detecting optical system 100A.

(Step 5)

[0048] The controller 20 applies the light stimulus to
the partial area of the sample 16 (refer to the lower part
in Fig. 4) with the ultraviolet laser light and performs an
imaging of the entire observation area of the sample 16
(refer to the lower part in Fig. 3) with the argon laser light
by driving the laser unit 1, the controllable galvanometer
scanner 11, the resonant galvanometer scanner 12 and
the light detector 19. Fluorescence image data of the
sample 16 obtained through this imaging is transmitted
to the computer 21.

(Step 6)

[0049] The computer 21 outputs the fluorescence im-
age data of the sample 16 to the monitor 22. On the
screen of the monitor 22, the user can observe the state
of the sample 16 when the light stimulus is applied there-
to. The computer 21 stores the fluorescence image data
if necessary (the above description corresponds to the
step 6).
[0050] As above, in the present embodiment, the sys-
tem of the first embodiment, in which, particularly the
dichroic mirrors 10D and 13D of the light path switching
units 10 and 13 are effectively utilized, so that it is possible
to simultaneously conduct the light stimulus and the im-
aging.
[0051] Further, in the aforementioned step 5, the light
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stimulus (the driving of the laser light source 2 and the
controllable galvanometer scanner 11) and the imaging
(the driving of the laser light source 3, the resonant gal-
vanometer scanner 12 and the light detector 19) are re-
spectively performed only once, but, the imaging can be
continuously and repeatedly conducted. In that case, the
fluorescence image data of successive plurality of frames
can be obtained, which enables to observe a temporal
change of the sample 16 right after the light stimulus is
applied thereto.
[0052] Further, in the aforementioned step 1, the com-
bination of set elements of the light path switching units
10 and 13 is set to that of dichroic mirrors 10D and 13D,
but, it may be set to a combination of all-reflective mirrors
10M and 13M. However, in such a case, there is a need
to change, in step 4, the combination of set elements of
the light path switching units 10 and 13 to that of dichroic
mirrors 10D and 13D.

[Third embodiment]

[0053] Hereinafter, a third embodiment will be de-
scribed. The present embodiment is an embodiment of
a light stimulus observation method in which the system
of the first embodiment is utilized and a light source used
in common for the light stimulus and the imaging is ap-
plied.
[0054] Here, the excitation wavelength of the fluores-
cent dye applied to the sample 16 is set to 488 nm, and
the wavelength of the light stimulus to be given to the
sample 16 is set to 488 nm.
[0055] In this case, the main body of microscope 100
is set as follows, for instance.

• Laser light source 3: argon laser light source (wave-
length of 488 nm)

• dichroic mirror 9: dichroic mirror which transmits light
of a short wavelength side including 488 nm and re-
flects light of a long wavelength side longer than 488
nm

[0056] Note that in the present embodiment, the laser
light source 2 and the dichroic mirrors 10D and 13D are
not used, so that a setting thereof can be performed ar-
bitrarily. Therefore, the setting of the main body of micro-
scope 100 may be performed in the same manner as that
of the main body of microscope 100 in the second em-
bodiment.
[0057] A procedure of the light stimulus observation is
as shown in Fig. 5.

(Step 1)

[0058] The controller 20 sets the applied light source
of the laser unit 1 to the laser light source 3 (argon laser
light source), and sets the combination of set elements
of the light path switching units 10 and 13 to that of all-
reflective mirrors 10M and 13M as shown in Fig. 6. Note

that at this moment, an intensity of the emission light of
the laser unit 1 is supposed to be set to an intensity for
imaging (low intensity).
[0059] At this time, the laser light capable of being emit-
ted from the laser unit 1 is only the argon laser light of
low intensity. The argon laser light of low intensity can
reach the sample 16 by passing through the light path
R2 as shown by a solid line in Fig. 6, and a spot of the
argon laser light can scan over the entire observation
area of the sample 16 (refer to a lower part in Fig. 6)
using the resonant galvanometer scanner 12. Since a
fluorescence generated from the spot can be reflected
by the dichroic mirror 9 as shown by a dotted line in Fig.
6, it is extracted to a side of the detecting optical system
100A.

(Step 2)

[0060] The controller 20 drives the laser unit 1, the res-
onant galvanometer scanner 12 and the light detector
19, and performs an imaging of the entire observation
area of the sample 16 (refer to the lower part in Fig. 6)
with the argon laser light of low intensity. Fluorescence
image data of the sample 16 obtained through this im-
aging is transmitted to the computer 21.

(Step 3)

[0061] The computer 21 outputs the fluorescence im-
age data of the sample 16 to the monitor 22 and gets a
user to designate, on a screen of the monitor 22, a partial
area to which the light stimulus is applied. Through the
operation of the input device 23, the user designates a
desired partial area with respect to the computer 21. In-
formation regarding the partial area designated by the
user is transmitted to the controller 20.

(Step 4)

[0062] The controller 20 sets a scanning area of the
controllable galvanometer scanner 11 to the partial area
designated by the user. Further, the controller 20 chang-
es the intensity of the emission light of the laser unit 1 to
an intensity for light stimulus (high intensity), and chang-
es the combination of set elements of the light path
switching units 10 and 13 to that of hollow blocks 10B
and 13B as shown in Fig. 7.
[0063] At this time, the laser light capable of being emit-
ted from the laser unit 1 is only the argon laser light of
high intensity. The argon laser light of high intensity can
reach the sample 16 by passing through the light path
R1 as shown by a solid line in Fig. 7, and a spot of the
argon laser light can scan over the partial area of the
sample 16 (refer to a lower part in Fig. 7) using the con-
trollable galvanometer scanner 11. Since a fluorescence
generated from the spot can be reflected by the dichroic
mirror 9 as shown by a dotted line in Fig. 7, it is extracted
to a side of the detecting optical system 100A.
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(Step 5)

[0064] The controller 20 drives the laser unit 1 and the
controllable galvanometer scanner 11, to thereby apply
the light stimulus to the partial area of the sample 16
(refer to the lower part in Fig. 7) with the argon laser light
of high intensity. Note that since it is not necessary to
perform the imaging at this time, there is no need to drive
the light detector 19.

(Step 6)

[0065] The controller 20 changes the intensity of the
emission light of the laser unit 1 to the intensity for imaging
(low intensity), and changes the combination of set ele-
ments of the light path switching units 10 and 13 to that
of all-reflective mirrors 10M and 13M as shown in Fig. 6.
[0066] At this time, the laser light capable of being emit-
ted from the laser unit 1 is only the argon laser light of
low intensity. The argon laser light of low intensity can
reach the sample 16 by passing through the light path
R2 as shown by a solid line in Fig. 6, and a spot of the
argon laser light can scan over the entire observation
area of the sample 16 (refer to the lower part in Fig. 6)
using the resonant galvanometer scanner 12. Since a
fluorescence generated from the spot can be reflected
by the dichroic mirror 9 as shown by a dotted line in Fig.
6, it is extracted to a side of the detecting optical system
100A.

(Step 7)

[0067] The controller 20 drives the laser unit 1, the res-
onant galvanometer scanner 12 and the light detector 19
and performs an imaging of the entire observation area
of the sample 16 (refer to the lower part in Fig. 6) with
the argon laser light of low intensity. Fluorescence image
data of the sample 16 obtained through this imaging is
transmitted to the computer 21.

(Step 8)

[0068] The computer 21 outputs the fluorescence im-
age data of the sample 16 to the monitor 22. On the
screen of the monitor 22, the user can observe the state
of the sample 16 right after the light stimulus is applied
thereto. The computer 21 stores the fluorescence image
data if necessary (the above description corresponds to
the step 8).
[0069] As above, in the present embodiment, the sys-
tem of the first embodiment, in which, particularly the
hollow blocks 10B and 13B and the all-reflective mirrors
10M and 13M of the light path switching units 10 and 13
are effectively utilized, so that it is possible to apply the
light source used in common for the light stimulus and
the imaging.
[0070] Note that the imaging is performed only once in
the aforementioned step 7, but, it can be continuously

and repeatedly conducted. In that case, the fluorescence
image data of successive plurality of frames can be ob-
tained, which enables to observe a temporal change of
the sample 16 right after the light stimulus is applied
thereto.

[Other features]

[0071] Note that in the aforementioned main body of
microscope 100, the number of kinds of light sources to
be mounted on the laser unit 1 is two, but, it may be three
or more. Other than the ultraviolet laser light source and
the argon laser light source, an IR laser light source
(wavelength of 710 nm) used for a two-photon excitation
or the like may be mounted.
[0072] Further, it is preferable to set the characteristics
of the dichroic mirrors 9, 10D and 13D in accordance with
the combination of light sources to be mounted. Inciden-
tally, when the number of combinations of light sources
is large, it is only required to prepare the dichroic mirrors
with various characteristics and to use them properly. It
is also allowable to previously equip the respective light
path switching units 10 and 13 with a plurality of kinds of
dichroic mirrors.
[0073] In the aforementioned main body of microscope
100, the optical elements to be mounted on the light path
switching units 10 and 13 have three kinds, which are,
the dichroic mirrors, the all-reflective mirrors and the hol-
low blocks, but, they may have two kinds of the all-re-
flective mirrors and the hollow blocks. Further, it is allow-
able to apply only the dichroic mirrors. Furthermore, it is
also allowable to provide, instead of the dichroic mirrors
(or in addition to the dichroic mirrors), beam splitters of
another type such as half mirrors and inverse dichroic
mirrors (ones with transmission wavelengths longer than
reflection wavelengths). Note that an example of a light
stimulus observation method using the half mirrors will
be explained in a later-described fourth embodiment.
[0074] Incidentally, when the wavelength of the laser
light used for the light stimulus is longer than that of the
laser light used for the imaging, such as when the IR
laser light source is used for the light stimulus, the use
of inverse dichroic mirrors is effective.
[0075] Further, when the optical elements to be dis-
posed on the branching points of the light paths R1 and
R2 are the beam splitters and it is not necessary to switch
the optical elements into another optical elements, the
beam splitters may be left disposed without using the
light path switching units 10 and 13.
[0076] Further, in the aforementioned main body of mi-
croscope 100, the mutually different kinds of galvanom-
eter scanners (the controllable galvanometer scanner 11
and the resonant galvanometer scanner 12) are mounted
as one pair of galvanometer scanners, but, the galva-
nometer scanners of the same kind may also be mount-
ed. However, it is further preferable to mount the galva-
nometer scanners of different kinds since it becomes
possible to use them separately (further, the members
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used are not limited to the galvanometer scanners and
those capable of changing the direction of light such as,
for instance, acoustic optical elements can also be ap-
plied).
[0077] Further, in the aforementioned main body of mi-
croscope 100, the separating number (changing number)
of light path and the number of galvanometer scanners
are respectively two, but the number may be increased
to three or more so that the degree of freedom of obser-
vation is further enhanced.
[0078] Further, the aforementioned main body of mi-
croscope 100 is a laser scanning microscope having both
the function of fluorescence detection and the function
of confocal detection, but, the present invention is also
applicable to a laser scanning microscope which does
not have either or both of the function of fluorescence
detection and the function of confocal detection.

[Fourth embodiment]

[0079] Lastly, an example of the light stimulus obser-
vation method using the half mirrors will be briefly ex-
plained as a fourth embodiment. Here, description will
be made on the assumption that the setting details of the
main body of microscope 100 are the same as those of
the main body of microscope 100 in the third embodi-
ment.
[0080] A procedure of the light stimulus observation is
as shown in Fig. 8.

(Step 1)

[0081] The controller 20 sets the applied light source
of the laser unit 1 to the laser light source 3 (argon laser
light source), and sets the set elements of the light path
switching units 10 and 13 to the half mirrors. Note that
at this moment, the intensity of the emission light of the
laser unit 1 is supposed to be set to the intensity for im-
aging (low intensity).
[0082] Further, the controller 20 removes at least either
of the galvanometer mirrors of the controllable galvanom-
eter scanner 11 from the light path.

(Step 2)

[0083] The controller 20 drives the laser unit 1, the res-
onant galvanometer scanner 12 and the light detector
19, and performs an imaging of the entire observation
area of the sample 16 with the argon laser light of low
intensity. Fluorescence image data of the sample 16 ob-
tained through the imaging is transmitted to the computer
21.

(Step 3)

[0084] The computer 21 outputs the fluorescence im-
age data of the sample 16 to the monitor 22 and gets a
user to designate, on the screen of the monitor 22, a

partial area to which the light stimulus is applied. Through
the operation of the input device 23, the user designates
a desired partial area with respect to the computer 21.
Information regarding the partial area designated by the
user is transmitted to the controller 20.

(Step 4)

[0085] The controller 20 sets a scanning area of the
controllable galvanometer scanner 11 to the partial area
designated by the user. Further, the controller 20 chang-
es the intensity of the emission light of the laser unit 1 to
an intensity for light stimulus (high intensity).
[0086] Further, the controller 20 removes at least either
of the galvanometer mirrors of the resonant galvanome-
ter scanner 12 from the light path.

(Step 5)

[0087] The controller 20 drives the laser unit 1 and the
controllable galvanometer scanner 11, to thereby apply
the light stimulus to the partial area of the sample 16 with
the argon laser light of high intensity. Note that there is
no need to drive the light detector 19 at this time.

(Step 6)

[0088] The controller 20 changes the intensity of the
laser light source 3 (argon laser light source) of the laser
unit I to low intensity (for imaging).
[0089] Further, the controller 20 removes at least either
of the galvanometer mirrors of the controllable galvanom-
eter scanner 11 from the light path.

(Step 7)

[0090] The controller 20 drives the laser unit 1, the res-
onant galvanometer scanner 12 and the light detector 19
and performs an imaging of the entire observation area
of the sample 16 with the argon laser light of low intensity.
The obtained fluorescence image data of the sample 16
is transmitted to the computer 21.

(Step 8)

[0091] The computer 21 outputs the fluorescence im-
age data of the sample 16 to the monitor 22. On the
screen of the monitor 22, the user can observe the state
of the sample 16 right after the light stimulus is applied
thereto. The computer 21 stores the fluorescence image
data if necessary (the above description corresponds to
the step 8).
[0092] Note that the imaging is performed only once in
the aforementioned step 7, but, it can be continuously
and repeatedly conducted. In that case, the fluorescence
image data of successive plurality of frames can be ob-
tained, which enables to observe a temporal change of
the sample 16 right after the light stimulus is applied
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thereto.

Claims

1. A laser scanning microscope (100), comprising:

a laser light source (1);
a detector (100A); and
a dichroic mirror (9) adapted for guiding light
from the laser light source (1) to a specimen (16)
and guiding the light from the specimen (16) to
the detector (100A);
characterised by
a light path switching unit adapted for separating
a light path between the dichroic mirror (9) and
the specimen (16) into at least a first light path
(R1) and a second light path (R2) that is different
from said first light path;
a first light deflecting and scanning unit (11) dis-
posed in said first light path (R1);
a second light deflecting and scanning unit (12)
disposed in said second light path (R2); wherein
the light path switching unit includes:

a first light path switching unit (10) being
disposed in a branching point of said first
and second light paths (R1, R2); and
a second light path switching unit (13) being
disposed in a branching point of said first
and second light paths (R1, R2);
the first and second light path switching
units (10, 13) comprising optical elements
(10D, 10M, 13D, 13M) capable of being se-
lectivly inserted into and removed from the
respective branching points of the said first
and second light paths, to separate the light
path.

2. The laser scanning microscope (100) according to
claim 1, wherein
an optical element of the first light path switching unit
(10) is a beam splitter, and
an optical element of the second light path switching
unit (13) is a beam splitter.

3. The laser scanning microscope (100) according to
claim 2, wherein
an optical element of the first light path switching unit
(10) is a dichroic mirror (10D), and
an optical element of the second light path switching
unit (13) is a dichroic mirror (13D).

4. The laser scanning microscope (100) according to
claim 2, wherein
an optical element of the first light path switching unit
(10) is a half mirror, and
an optical element of the second light path switching

unit (13) is a half mirror.

5. The laser scanning microscope (100) according to
claim 1, wherein the light path switching unit is further
adapted for switching between said first light path
(R1) and said second light path (R2) that is different
from said first light path.

6. The laser scanning microscope (100) according to
claim 5, wherein
an optical element of the first light path switching unit
(10) is a mirror (10M), and
an optical element of the second light path switching
unit (13) is a mirror (13M).

7. The laser scanning microscope (100) according to
any one of claims 1 to 6, wherein
the laser light source (1) comprises
a plurality of laser light sources (2,3) with different
wavelengths.

8. The laser scanning microscope (100) according to
any one of claims 1 to 7, wherein
the first and/or second light deflecting and scanning
units includes a resonant galvanometer scanner
(11,12).

9. The laser scanning microscope (100) according to
claim 2, wherein
the first light deflecting and scanning unit (11) in-
cludes a first scanner, and
the second light deflecting and scanning unit (12)
includes a second scanner,
wherein the laser scanning microscope is further
adapted
to remove at least one of a plurality of mirrors con-
figuring the first scanner from the light path to obtain
a fluorescence image being generated by irradiating
the light from the laser light source to the specimen
through the second scanner, and
to remove at least one of a plurality of mirrors con-
figuring the second scanner from the light path to
perform a light stimulus by irradiating the light from
the laser light source to the specimen through the
first scanner.

Patentansprüche

1. Laser-Scanning-Mikroskop (100) umfassend:

eine Laserlichtquelle (1);
einen Detektor (100A); und
einen dichroitischen Spiegel (9), der zum Leiten
von Licht von der Laserlichtquelle (1) zu einem
Prüfkörper (16) und zum Leiten des Lichts vom
Prüfkörper (16) zum Detektor (100A) geeignet
ist;
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gekennzeichnet durch
eine Schalteinheit für den Strahlengang, die
zum Trennen eines Strahlengangs zwischen
dem dichroitischen Spiegel (9) und dem Prüf-
körper (16) in mindestens einen ersten Strah-
lengang (R1) und einen zweiten Strahlengang
(R2), der sich vom ersten Strahlengang unter-
scheidet, geeignet ist;
eine erste Lichtablenkungs- und Abtasteinheit
(11), die im ersten Strahlengang (R1) angeord-
net ist;
eine zweite Lichtablenkungs- und Abtasteinheit
(12), die im zweiten Strahlengang (R1) ange-
ordnet ist; wobei
die Schalteinheit für den Strahlengang umfasst:

eine erste Schalteinheit für den Strahlen-
gang (10), die in einem Verzweigungspunkt
des ersten und zweiten Strahlengangs (R1,
R2) angeordnet ist; und
eine zweite Schalteinheit für den Strahlen-
gang (13), die in einem Verzweigungspunkt
des ersten und zweiten Strahlengangs (R1,
R2) angeordnet ist;
wobei die erste und zweite Schalteinheit für
den Strahlengang (10, 13) optische Ele-
mente (10D, 10M, 13D, 13M) umfasst, die
in der Lage sind, wahlweise in die jeweiligen
Verzweigungspunkte des ersten und zwei-
ten Strahlengangs eingefügt und daraus
entfernt zu werden, um den Strahlengang
zu trennen.

2. Laser-Scanning-Mikroskop (100) nach Anspruch 1,
wobei
ein optisches Element der ersten Schalteinheit für
den Strahlengang (10) ein Strahlteiler ist, und
ein optisches Element der zweiten Schalteinheit für
den Strahlengang (13) ein Strahlteiler ist.

3. Laser-Scanning-Mikroskop (100) nach Anspruch 2,
wobei
ein optisches Element der ersten Schalteinheit für
den Strahlengang (10) ein dichroitischer Spiegel
(10D) ist, und
ein optisches Element der zweiten Schalteinheit für
den Strahlengang (13) ein dichroitischer Spiegel
(13D) ist.

4. Laser-Scanning-Mikroskop (100) nach Anspruch 2,
wobei
ein optisches Element der ersten Schalteinheit für
den Strahlengang (10) ein Halbspiegel (10D) ist, und
ein optisches Element der zweiten Schalteinheit für
den Strahlengang (13) ein Halbspiegel ist.

5. Laser-Scanning-Mikroskop (100) nach Anspruch 1,
wobei die Schalteinheit für den Strahlengang ferner

geeignet ist, um zwischen dem ersten Strahlengang
(R1) und dem zweiten Strahlengang (R2), der sich
vom ersten Strahlengang unterscheidet, hin- und
herzuschalten.

6. Laser-Scanning-Mikroskop (100) nach Anspruch 5,
wobei
ein optisches Element der ersten Schalteinheit für
den Strahlengang (10) ein Spiegel (10M) ist, und
ein optisches Element der zweiten Schalteinheit für
den Strahlengang (13) ein Spiegel (13M) ist.

7. Laser-Scanning-Mikroskop (100) nach einem der
Ansprüche 1 bis 6, wobei
die Laserlichtquelle (1) umfasst
mehrere Laserlichtquellen (2,3) mit verschiedenen
Wellenlängen.

8. Laser-Scanning-Mikroskop (100) nach einem der
Ansprüche 1 bis 7, wobei
die erste und/oder zweite Lichtablenkungs- und Ab-
tasteinheit einen resonanten Galvanometerscanner
(11,12) umfasst.

9. Laser-Scanning-Mikroskop (100) nach Anspruch 2,
wobei
die erste Lichtablenkungs- und Abtasteinheit (11) ei-
nen ersten Scanner umfasst, und
die zweite Lichtablenkungs- und Abtasteinheit (12)
einen zweiten Scanner umfasst,
wobei das Laser-Scanning-Mikroskop ferner geeig-
net ist,
um mindestens einen von mehreren Spiegel zu ent-
fernen, die den ersten Scanner konfigurieren, aus
dem Strahlengang ein Fluoreszenzbild zu erhalten,
das durch Strahlen des Lichts aus der Laserlicht-
quelle auf den Prüfkörper durch den zweiten Scan-
ner erzeugt wird, und
um mindestens einen von mehreren Spiegel zu ent-
fernen, die den zweiten Scanner konfigurieren, aus
dem Strahlengang durch Strahlen des Lichts aus der
Laserlichtquelle auf den Prüfkörper durch den ersten
Scanner einen Lichtreiz auszuführen.

Revendications

1. Microscope à balayage laser (100), comprenant :

une source de lumière laser (1) ;
un détecteur (100A) ; et
un miroir dichroïque (9) adapté afin de guider la
lumière en provenance de la source de lumière
laser (1) vers un échantillon (16), et de guider
la lumière en provenance de l’échantillon (16)
vers le détecteur (100A) ;
caractérisé par :
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une unité de commutation de trajet optique
adaptée afin de séparer le trajet optique en-
tre le miroir dichroïque (9) et l’échantillon
(16) en au moins un premier trajet optique
(R1) et en un deuxième trajet optique (R2)
qui est différent dudit premier trajet optique ;
une première unité de déviation et de ba-
layage de la lumière (11) disposée dans le-
dit premier trajet optique (R1) ;
une deuxième unité de déviation et de ba-
layage de la lumière (12) disposée dans le-
dit deuxième trajet optique (R2) ; dans
lequel :

l’unité de commutation de trajet optique
comprend :

une première unité de commutation de tra-
jet optique (10) disposée à un point de ra-
mifications desdits premier et deuxième tra-
jets optiques (R1, R2) ; et
une deuxième unité de commutation de tra-
jet optique (13) disposée à un point de ra-
mifications desdits premier et deuxième tra-
jets optiques (R1, R2) ;
les première et deuxième unités de commu-
tation de trajet optique (10, 13) comprenant
des éléments optiques (10D, 10M, 13D,
13M) qui peuvent être, de manière sélecti-
ve, insérés dans les points de ramifications
respectifs et retirés de ceux-ci, desdits pre-
mier et deuxième trajets optiques, de façon
à séparer le trajet optique.

2. Microscope à balayage laser (100) selon la reven-
dication 1, dans lequel :

un élément optique de la première unité de com-
mutation de trajet optique (10) est un dispositif
de séparation de faisceau ; et
un élément optique de la deuxième unité de
commutation de trajet optique (13) est un dis-
positif de séparation de faisceau.

3. Microscope à balayage laser (100) selon la reven-
dication 2, dans lequel :

un élément optique de la première unité de com-
mutation de trajet optique (10) est un miroir di-
chroïque (10D) ; et
un élément optique de la deuxième unité de
commutation de trajet optique (13) est un miroir
dichroïque (13D).

4. Microscope à balayage laser (100) selon la reven-
dication 2, dans lequel :

un élément optique de la première unité de com-

mutation de trajet optique (10) est un demi-
miroir ; et
un élément optique de la deuxième unité de
commutation de trajet optique (13) est un demi-
miroir.

5. Microscope à balayage laser (100) selon la reven-
dication 1, dans lequel l’unité de commutation de
trajet optique est adaptée en outre afin de commuter
entre ledit premier trajet optique (R1) et ledit deuxiè-
me trajet optiques (R2) qui est différent dudit premier
trajet optique.

6. Microscope à balayage laser (100) selon la reven-
dication 5, dans lequel :

un élément optique de la première unité de com-
mutation de trajet optique (10) est un miroir
(10M) ; et
un élément optique de la deuxième unité de
commutation de trajet optique (13) est un miroir
(13M).

7. Microscope à balayage laser (100) selon l’une quel-
conque des revendications 1 à 6, dans lequel la sour-
ce de lumière laser (1) comprend :

une pluralité de sources de lumière laser (2, 3)
qui présentent des longueurs d’onde différen-
tes.

8. Microscope à balayage laser (100) selon l’une quel-
conque des revendications 1 à 7, dans lequel :

les première et / ou deuxième unités de dévia-
tion et de balayage de la lumière, comprennent
un dispositif de balayage à galvanomètre réson-
nant (11, 12).

9. Microscope à balayage laser (100) selon la reven-
dication 2, dans lequel :

la première unité de déviation et de balayage de
la lumière (11) comprend un premier dispositif
de balayage ; et
la deuxième unité de déviation et de balayage
de la lumière (12) comprend un deuxième dis-
positif de balayage ;
dans lequel le microscope à balayage laser est
adapté en outre afin de :

retirer du trajet optique l’un au moins d’une
pluralité de miroirs qui configurent le pre-
mier dispositif de balayage de façon à ob-
tenir une image de fluorescence générée
en irradiant l’échantillon avec la lumière en
provenance de la source de lumière laser,
à travers le deuxième dispositif de
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balayage ; et
retirer du trajet optique l’un au moins d’une
pluralité de miroirs qui configurent le
deuxième dispositif de balayage de façon à
exécuter un stimulus lumineux en irradiant
l’échantillon avec la lumière en provenance
de la source de lumière laser, à travers le
premier dispositif de balayage.
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