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(57) ABSTRACT 

The microscope has a ?rst pulsed laser generating means, a 
second pulsed laser generating means, an irradiation means 
to irradiate to a specimen by composing the ?rst pulse light 
and the second pulse light, a coherent Raman scattering light 
extraction means for extracting only the coherent Raman 
scattering light from light emanated from the specimen 
irradiated, an extraction means for extracting only the mul 
tiphoton excitation ?uorescence, an extraction means for 
extracting only the second harmonic Wave, a detection 
means for detecting the extracted coherent Raman scattering 
light, and a detection means for detecting the extracted 
?uorescence, and a detection means for detecting the second 
harmonic Wave via the extraction means 7. To single speci 
men, responding to purposes, observations of the tWo 
photon excitation ?uorescence observation, the second har 
monic Wave observation, and the coherent Raman scattering 
light observations can be carried out in parallel, or selec 
tively. 
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MICROSCOPE 

[0001] This application claims bene?ts of Japanese Appli 
cation No. 2004-199554 led in Japan on Jul. 6, 2004, the 
contents of Which are incorporated by this reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates to a microscope for 
observing multi-photon excitation ?uorescence, coherent 
Raman scattering light, second harmonic Wave, and the like. 

[0004] 2. Description of the Related Art 

1. Field of the Invention 

[0005] Conventionally, for example, as a microscope aim 
ing at observation of depths in a living, body tissue, for 
example, a multiphoton excitation ?uorescence microscope 
as shoWn in the publication of the Japanese unexamined 
patent application, Toku Kai No. 338405 has been knoWn. 
For example, as the microscope aiming at observation of a 
living body tissue, such as collagen Which forms a cell 
membrane, a muscular ?ber, and protein sequences, for 
example, a second higher-harmonic-Wave microscope using 
nano-structural dependence nature of the second harmonic 
Wave as shoWn in the publication of the Japanese unexam 
ined patent application, Toku Kai No. 2000-310799 has been 
knoWn. 

[0006] In molecular biology, it has been much demanded 
that a living activity of particles in the living body, for 
example, DNA, amino acid, cell organelles, etc., can be 
observed. Although it is possible to observe the particle in 
the living body to some extent in case that a conventional 
?uorescence microscope or multiphoton excitation ?uores 
cence microscope is used, it is necessary to dye target 
particles by ?uorescence pigment. HoWever, it is not desir 
able to dye a living body by the ?uorescence pigment, since 
it is foreseen that the living body is affected not a little by 
such facts that toxicity exists in the ?uorescence pigment 
and free movement of the particles is hindered by the 
?uorescence pigment, and so on. 

[0007] In recent years, as a microscope for observing 
three-dimensional distribution of particles in the living body 
Without dyeing, and for observing the like, a coherent 
Raman scattering microscope for observing coherent anti 
Stokes Raman scattering light, has been proposed, for 
example, as shoWn in the folloWing patent documents, Toku 
Hyou 2002-520612, WO 02/06778A1, and US 2003/ 
0011765. 

[0008] In the multiphoton excitation ?uorescence micro 
scope, this ?uorescence is observed by using such phenom 
enon that a sample colored With ?uorescent substance is 
irradiated by super-short pulse laser having a pulse interval 
of nanosecond, picosecond, or femtosecond at a Wavelength 
7», and When the irradiation intensity on the sample becomes 
large enough, multi-photon absorption Where tWo or more 
(n) of the photon having the Wavelength X occurs simulta 
neously, and the ?uorescent substance Which has colored the 
sample is excited by Wavelength of Mn, and the ?uorescence 
having a Wavelength that is a little longer than Mn is emitted. 

[0009] In the microscope Which observes the second har 
monic Wave, the second harmonic Wave is observed by using 
such phenomenon that the second harmonic Wave having 
tWo fold of the frequency (the Wavelength becomes a half) 
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of the laser light entered from the sample is emitted When 
laser light is entered into a sample. 

[0010] In the coherent Raman scattering microscope, the 
Raman scattering light is observed by using such phenom 
enon that When a sample is irradiated by excited light, 
photon energy of illuminating radiation receives inelastic 
scattering by molecular vibration of the sample, and scat 
tered light having a Wavelength Which is shifted by an 
amount of energy equivalent to the proper frequency of a 
molecule of substance is produced. 

[0011] By the Way, recent years, in the microscope obser 
vation of organisms, there is a tendency that various obser 
vations combined by the observation techniques mentioned 
above is required responding to an area of interest of 
observation object, 

[0012] For example, in American Journal of Pathology, 
(Vol. 159, p. 983), there is a description aiming at observa 
tion of discharge of integrin molecules and specialiZation of 
collagen, at the time of cell morphogenesis of epidermic 
cells. For such observation, it is desired that observation is 
carried out in parallel, or selectively in such Ways that for 
epidermic cells as a specimen, as for the Whole cell, obser 
vation is carried out by using the multiphoton excitation 
?uorescence, as for collagen, it is carried out by using the 
second harmonic Wave, and as for integrin molecules it is 
carried out by using the coherent Raman scattering light. 

[0013] Further, for example, in Journal of Biological 
Chemistry, (Vol. 17, p. 15441), there is a description aiming 
at observation of discharge of lipid molecules from a fat cell 
at the time of insulin medication in the fat cell. For such 
observation, it is desired that observation is carried out in 
parallel, or selectively in such Ways that for fat cells as a 
specimen, receptors are observed by using multiphoton 
excitation ?uorescence, cell membranes are observed by 
using the second harmonic Wave, and lipid molecules are by 
observed using the coherent Raman scattering light. 

[0014] Further, for example, in Alcohol Health & 
Research World, (Vol. 21, p. 107), there is a description 
aiming at an observation of the potential difference on cell 
membranes in nerve cells and an observation of amino acid 
molecules discharge accompanying it. For such observation, 
it is desired that observation is carried out in parallel, or 
selectively in such Ways that for nerve cells as a specimen, 
potential sensitive is observed by using the multiphoton 
excitation ?uorescence, cell membranes are observed by 
using the second harmonic Wave, and amino acid molecules 
as a target is observed by using the coherent Raman scat 
tering light. 

[0015] Further, for example, in PNAS, (Vol. 99, p. 14801), 
there is a description aiming at an observation of discharge 
of a calcium Wave and sliding movement of myosin mol 
ecules having actin ?ber form. For such observation, it is 
desired that the observation is carried out in parallel, or 
selectively in such Way that for muscle cells as a specimen, 
calcium sensitive pigment is observed by using the mul 
tiphoton excitation ?uorescence, actin ?bers are observed by 
using a second harmonic Wave myosin molecules are 
observed by using the coherent Raman scattering light. 

[0016] Further, for example, in PNAS, (Vol. 100, p. 7075), 
there is a description aiming at diagnosis of cancer using the 
quantity of NADH and the degree of collapse of collagen 
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?bers.(the degree of collapse of the collagen ?bers are 
detectable with an intensity ratio of the second harmonic 
wave and the coherent Raman scattering light.) For such 
diagnosis, it is desired that observation is carried out in 
parallel, or selectively in such ways that for a cancer cell as 
a specimen, NADH is observed by using the multiphoton 
excitation ?uorescence, collagen ?bers are observed by 
using the second harmonic wave, and collagen ?bers are 
observed by using the coherent Raman scattering light. 

SUMMARY OF THE INVENTION 

[0017] The microscope according to the present invention 
comprises a ?rst pulsed laser generating means that gener 
ates a ?rst pulse light having a ?rst wavelength component, 
a second pulsed laser generating means that generates a 
second pulse light having a second wavelength component, 
an irradiation means which is constituted so that irradiation 
to a specimen can be carried out by composing the ?rst pulse 
light and the second pulse light, a coherent Raman scattering 
light extraction means which extracts only coherent Raman 
scattering light from light from the specimen to which light 
is irradiated through the irradiation means, a multiphoton 
excitation ?uorescence extraction means which extracts 
only multiphoton excitation ?uorescence generated by irra 
diating the second pulse light to the specimen from the light 
emanated from the specimen to which light is irradiated 
through the irradiation means, a second harmonic wave 
extraction means that extracts only second harmonic wave 
generated by irradiating the second pulse light to the speci 
men from the light from the specimen to which light is 
irradiated through the irradiation means, a coherent Raman 
scattering photon detection means which detects the coher 
ent Raman scattering light extracted through the coherent 
Raman scattering light extraction means, a multiphoton 
excitation ?uorescence detection means which detects the 
multiphoton excitation ?uorescence extracted through the 
multiphoton excitation ?uorescence extraction means, and a 
second harmonic wave detection means that detects the 
second harmonic wave extracted through the second har 
monic wave extraction means. The microscope according to 
the present invention comprises a ?rst pulsed laser gener 
ating means that generates a ?rst pulse light having a ?rst 
wavelength, a second pulsed laser generating means that 
generates a second pulse light having a second wavelength, 
an irradiation means which is constituted so that irradiation 
to a specimen can be carried out by composing the ?rst pulse 
light and the second pulse light, a coherent Raman scattering 
light extraction means which extracts only coherent Raman 
scattering light from light emanated from the specimen to 
which light is irradiated through the irradiation means, an 
epi-illuminated multiphoton excitation ?uorescence extrac 
tion means which extracts only multiphoton excitation ?uo 
rescence generated by irradiating the second pulse light to 
the specimen from the light emanated from the specimen to 
which light irradiated through the irradiation means goes 
toward a direction where the light is re?ected, a forward 
second harmonic wave extraction means that extracts only 
the second harmonic wave generated by irradiating the 
second pulse light to the specimen, from the light emanated 
from the specimen, where the light irradiated through the 
irradiation means goes toward a direction where the light 
transmits, an coherent Raman scattering photon detection 
means which detects the coherent Raman scattering light 
extracted through the coherent Raman scattering light 
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extraction means, an epi-illuminated multiphoton excitation 
?uorescence detection means which detects the multiphoton 
excitation ?uorescence extracted through the epi-illumi 
nated multiphoton excitation ?uorescence extraction means, 
and a forward second harmonic wave detection means that 
detects the second harmonic wave extracted through the 
forward second harmonic wave extraction means. 

[0018] The microscope according to the present invention 
comprises a ?rst pulsed laser generating means that gener 
ates a ?rst pulse light having a ?rst wavelength, a second 
pulsed laser generating means that generates a second pulse 
light having a second wavelength, an irradiation means 
which is constituted so that irradiation to a specimen can be 
carried out by composing the ?rst pulse light and the second 
pulse light, a coherent Raman scattering light extraction 
means which extracts only coherent Raman scattering light 
from light from the specimen to which light is irradiated 
through the irradiation means, an epi-illuminated second 
harmonic wave extraction means that extracts only the 
second harmonic wave generated by irradiating the second 
pulse light to the specimen, from the light emanated from the 
specimen to which the light irradiated through the irradiation 
means goes toward a direction where the light is re?ected, 
a forward multiphoton excitation ?uorescence extraction 
means which extracts only the multiphoton excitation ?uo 
rescence generated by irradiating the second pulse light to 
the specimen from the light emanated from the specimen to 
which the light irradiated through the irradiation means goes 
toward a direction where the light transmits, a coherent 
Raman scattering photon detection means which detects the 
coherent Raman scattering light extracted through the coher 
ent Raman scattering light extraction means, a forward 
multiphoton excitation ?uorescence detection means which 
detects the multiphoton excitation ?uorescence extracted 
through the forward multiphoton excitation ?uorescence 
extraction means, and an epi-illuminated second harmonic 
wave detection means that detects the second harmonic 
wave extracted through the epi-illuminated second harmonic 
wave extraction means. 

[0019] The microscope according to the present invention 
comprises a ?rst pulsed laser generating means that gener 
ates a ?rst pulse light having a ?rst wavelength, a second 
pulsed laser generating means that generates a second pulse 
light having a second wavelength, an irradiation means 
which is constituted so that irradiation to a specimen can be 
carried out by composing the ?rst pulse light and the second 
pulse light, a coherent Raman scattering light extraction 
means which extracts only coherent Raman scattering light 
from light from the specimen to which light is irradiated 
through the irradiation means, an epi-illuminated second 
harmonic wave multiphoton excitation ?uorescence switch 
ing extraction means which extracts, by switching, only the 
second harmonic wave generated by irradiating the second 
pulse light to the specimen or, extracts only the multiphoton 
excitation ?uorescence generated by irradiating the second 
pulse light to the specimen, from the light emanated from the 
specimen to which the light irradiated through the irradiation 
means goes toward a direction where the light is re?ected, 
a forward second harmonic wave multiphoton excitation 
?uorescence switching extraction means which extracts, by 
switching, only the second harmonic wave generated by 
irradiating the second pulse light to the specimen, or, 
extracts only the multiphoton excitation ?uorescence gen 
erated by irradiating the second pulse light to the specimen, 
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from the light emanated from the specimen to which the 
light irradiated through the irradiation means goes toward a 
direction where the light transmits, a coherent Raman scat 
tering photon detection means which detects the coherent 
Raman scattering light extracted through the coherent 
Raman scattering light extraction means, the epi-illuminated 
switching extraction light detection means which detects the 
light extracted through the epi-illuminated second harmonic 
wave multiphoton excitation ?uorescence switching extrac 
tion means, and a forward switching extraction light detec 
tion means which detects the light extracted through the 
forward second harmonic wave multiphoton excitation ?uo 
rescence switching extraction means. 

[0020] The microscope according to the present invention 
comprises a ?rst pulsed laser generating means that gener 
ates a ?rst pulse light having the ?rst wavelength, a second 
pulsed laser generating means that generates a second pulse 
light having a second wavelength, an irradiation means 
which is constituted so that irradiation to a specimen can be 
carried out by composing the ?rst pulse light and the second 
pulse light, a coherent Raman scattering light extraction 
means which extracts only coherent Raman scattering light 
from light from the specimen to which light is irradiated 
through the irradiation means, an epi-illuminated multipho 
ton excitation ?uorescence extraction means which extracts 
only multiphoton excitation ?uorescence generated by irra 
diating the second pulse light to the specimen from the light 
emanated from the specimen to which light irradiated 
through the irradiation means goes toward a direction where 
the light is re?ected, an epi-illuminated second harmonic 
wave extraction means that extracts only the second har 
monic wave generated by irradiating the second pulse light 
to the specimen, from the light emanated from the specimen 
to which the light irradiated through the irradiation means 
goes toward a direction where the light is re?ected, a 
coherent Raman scattering photon detection means which 
detects the coherent Raman scattering light extracted 
through the coherent Raman scattering light extraction 
means, an epi-illuminated multiphoton excitation ?uores 
cence detection means which detects the multiphoton exci 
tation ?uorescence extracted through the epi-illuminated 
multiphoton excitation ?uorescence extraction means, an 
epi-illuminated second harmonic wave detection means that 
detects the second harmonic wave extracted through the 
epi-illuminated second harmonic wave extraction means, a 
forward multiphoton excitation ?uorescence extraction 
means which extracts only the multiphoton excitation ?uo 
rescence generated by irradiating the second pulse light to 
the specimen from the light emanated from the specimen to 
which the light irradiated through the irradiation means goes 
toward a direction where the light transmits, a forward 
second harmonic wave extraction means that extracts only 
the second harmonic wave generated by irradiating the 
second pulse light to the specimen, from the light emanated 
from the specimen, where the light irradiated through the 
irradiation means goes toward a direction where the light 
transmits, a forward multiphoton excitation ?uorescence 
detection means which detects the multiphoton excitation 
?uorescence extracted through the forward multiphoton 
excitation ?uorescence extraction means, and a forward 
second harmonic wave detection means that detects the 
second harmonic wave extracted through the forward second 
harmonic wave extraction means. 
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[0021] In the microscope according to the present inven 
tion, it is desired that a predetermined wavelength band 
having a wavelength shorter than the wavelength of the ?rst 
pulse light which is near the wavelength of the ?rst pulse 
light is scanned by a wavelength of the second pulse light, 
and the coherent Raman scattering light is the coherent 
anti-Stokes Raman scattering light. 

[0022] In the microscope according to the present inven 
tion, it is possible to constitute so that it has a multiphoton 
excitation ?uorescence CARS light separation means in 
which a predetermined wavelength band having a wave 
length longer than the wavelength of the ?rst pulse light 
which is near the wavelength of the ?rst pulse light is 
scanned by a wavelength of the second pulse light, and the 
coherent Raman scattering light is the coherent anti-Stokes 
Raman scattering light, and the multiphoton excitation ?uo 
rescence and the coherent anti-Stokes Raman scattering light 
where wavelengths may overlap at least in a part of wave 
length bands are separated. 

[0023] In the microscope according to the present inven 
tion, it is desired that the multiphoton excitation ?uores 
cence CARS light separation means is constituted of the 
coherent anti-Stokes Raman scattering photon extraction 
means having a time decomposition separation means which 
separates the multiphoton excitation ?uorescence and the 
coherent anti-Stokes Raman scattering light by time decom 
position. 
[0024] In the microscope according to the present inven 
tion, it is desired that the time-resolved separation means 
comprises a Kerr gate which changes a polariZation direc 
tion of the linear polarized light of the light transmitted when 
the light enters at an angle, a gate light incidence means 
which makes the second pulse light enter at an angle to the 
Kerr gate, at the same timing as the timing in which the 
coherent anti-Stokes Raman scattering light enters into the 
Kerr gate, a ?rst polariZation component that changes the 
multiphoton excitation ?uorescence into linear polariZed 
light, and a second polariZation component that transmits 
linear polariZed light, where a direction of polarization was 
changed by transmitting the Kerr gate, and intercepts linear 
polariZed light which does not change in polariZation direc 
tion when it transmits the Kerr gate. 

[0025] In the microscope according to the present inven 
tion, it is desired that the multiphoton excitation ?uores 
cence CARS light separation means is constituted of the 
modulation means which generates modulated coherent 
anti-Stokes Raman scattering light, and a detection device 
which serves as both of the coherent anti-Stokes Raman 
scattering photon detection means and the multiphoton 
excitation ?uorescence detection means, and receives both 
the modulated coherent anti-Stokes Raman scattering light 
and the multiphoton excitation ?uorescence, and detects a 
modulation component and a non-modulation component by 
separating them from the received light. 

[0026] In the microscope according to the present inven 
tion, it is desired that the modulation means is constituted of 
a modulator which modulates the ?rst pulse light and, the 
detection device is constituted of a lock-in detector. In the 
microscope according to the present invention, it is desired 
that a predetermined wavelength band is scanned by the ?rst 
pulse light and, the second pulse light is ?xed to an optimal 
wavelength for multiphoton excitation. In the microscope 
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according to the present invention, it is desired that it 
comprises a laser light selection means having a sWitching 
means Which sWitches ON/OFF of the ?rst pulsed laser 
generating means and the second pulsed laser generating 
means, and a control means to control the laser light 
selection means. 

[0027] In the microscope according to the present inven 
tion, it is desired that it comprises an image processing 
apparatus Which processes a signal detected through the 
coherent Raman scattering photon detection means, the 
multiphoton excitation ?uorescence detection means, and 
the second harmonic Wave detection means, an image dis 
play apparatus Which displays an image processed by the 
image processing apparatus, and a scanning means Which 
scans the light irradiating the specimen in the direction of 
tWo dimensions, Wherein the control means controls the 
laser light selection means and the scanning means so that an 
observation image by the coherent Raman scattering light, 
an observation image by the multiphoton excitation ?uores 
cence, and an observation image by the second harmonic 
Wave are displayed simultaneously or selectively, through 
the image processing apparatus and the image display appa 
ratus, at a position corresponding to an area of interest of e 
the specimen in the display screen of the image display 
apparatus, control the laser light selection means and the 
scanning means. 

[0028] In the microscope according to the present inven 
tion, it is desired that the ?rst pulsed laser generating means 
is a pulsed laser light source Which oscillates the pulsed laser 
beam having Wavelength Width of picosecond, and the 
second pulsed laser generating means is a pulsed laser light 
source Which oscillates the pulsed laser beam having pulse 
Width of femtosecond. 

[0029] In the microscope according to the present inven 
tion, it is desired that the coherent Raman scattering light 
extraction means is constituted so that it enables to sWitch an 
extraction of only the coherent Raman scattering light from 
the light Which is emanated from the specimen and goes 
toWard a direction in Which the light irradiated through the 
irradiation means is re?ected, an extraction of only the 
coherent Raman scattering light from the light Which is 
emanated from the specimen and goes toWard the direction 
in Which the light irradiated through the irradiation means 
transmits, and an extraction of only both of the coherent 
Raman scattering light from the light Which is emanated 
from the specimen and goes toWard a direction in Which the 
light irradiated through the irradiation means transmits, and 
the coherent Raman scattering light from the light Which is 
emanated from the specimen and goes toWard a direction in 
Which the light irradiated through the irradiation means is 
re?ected. 

[0030] These and other features and advantages of the 
present invention Will become apparent from the following 
detailed description of the preferred embodiments When 
taken in conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1 is a diagram shoWing relations among 
pump light in CARS, Stoke light, anti-Stoke light, and a 
frequency of a particle. 

[0032] FIG. 2 is a diagram shoWing relations among the 
pump light in CSRS, anti-Stoke light, Stoke light, and a 
frequency of a particle. 
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[0033] FIG. 3 is an outlined diagram shoWing an optical 
composition of the microscope system of the ?rst embodi 
ment according to the present invention. 

[0034] FIG. 4 is a diagrammatic chart shoWing optical 
characteristics of a dichroic mirror and a band pass ?lter 
used for the microscope in the ?rst embodiment. 

[0035] FIG. 5 is a diagram shoWing an optical composi 
tion of the microscope system of the second embodiment 
according to the present invention. 

[0036] FIG. 6 is a diagrammatic chart shoWing optical 
characteristics of a dichroic mirror and a band pass ?lter 
used for the microscope in the second embodiment. 

[0037] FIG. 7 is a diagram shoWing an optical composi 
tion of the microscope system of the third embodiment 
according to the present invention. 

[0038] FIG. 8 is a diagrammatic chart shoWing optical 
characteristics of a dichroic mirror and a band pass ?lter 
used for the microscope in the third embodiment. 

[0039] FIG. 9 is a diagram shoWing an optical composi 
tion of the microscope system of the fourth embodiment 
according to the present invention. 

[0040] FIG. 10 is a diagrammatic chart shoWing optical 
characteristics of a dichroic mirror and a band pass ?lter 
used for the microscope in the fourth embodiment. 

[0041] FIG. 11 is a diagram shoWing an optical compo 
sition of the microscope system of the ?fth embodiment 
according to the present invention. 

[0042] FIG. 12 is a diagrammatic chart shoWing optical 
characteristics of a dichroic mirror and a band pass ?lter 
used for the microscope in the ?fth embodiment. 

[0043] FIG. 13 is a diagram shoWing an optical compo 
sition of the microscope system of the sixth embodiment 
according to the present invention. 

[0044] FIG. 14 is a diagrammatic chart shoWing optical 
characteristics of a dichroic mirror and a band pass ?lter 
used for the microscope in the sixth embodiment. 

[0045] FIG. 15 is a diagram shoWing an optical compo 
sition of the microscope system of the seventh embodiment 
according to the present invention. 

[0046] FIG. 16A is an explanatory diagram shoWing an 
example, Wherein With respect to a display form of an image 
displayed by each of observation light in the image display 
apparatus according to the microscope of the seventh 
embodiment, the image by each of the observation technique 
is displayed on a full screen by sWitching. 

[0047] FIG. 16B is an explanatory diagram shoWing an 
example, Wherein With respect to a display form of an image 
displayed by each of observation light in the image display 
apparatus according to the microscope of the seventh 
embodiment, When each of images of the coherent Raman 
scattering light, the second harmonic Wave, and the tWo 
photon excitation ?uorescence is scanned for every area of 
interest of the object of observation in a display screen. 

[0048] FIG. 16C is an explanatory diagram shoWing an 
example, Wherein With respect to a display form of an image 
displayed by each of observation light in the image display 
apparatus according to the microscope of the seventh 








































