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(57) ABSTRACT

The microscope has a first pulsed laser generating means, a
second pulsed laser generating means, an irradiation means
to irradiate to a specimen by composing the first 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 fluorescence, 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
fluorescence, 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 fluorescence 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 benefits 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 fluorescence, 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 fluorescence 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 fiber, 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
fluorescence microscope or multiphoton excitation fluores-
cence microscope is used, it is necessary to dye target
particles by fluorescence pigment. However, it is not desir-
able to dye a living body by the fluorescence pigment, since
it is foreseen that the living body is affected not a little by
such facts that toxicity exists in the fluorescence pigment
and free movement of the particles is hindered by the
fluorescence 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 fluorescence micro-
scope, this fluorescence is observed by using such phenom-
enon that a sample colored with fluorescent substance is
irradiated by super-short pulse laser having a pulse interval
of nanosecond, picosecond, or femtosecond at a wavelength
A, 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 fluorescent substance which has colored the
sample is excited by wavelength of A/n, and the fluorescence
having a wavelength that is a little longer than A/n 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
fluorescence, 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 fluorescence, 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 fluorescence, 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 fiber 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 fluorescence, actin fibers 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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fibers.(the degree of collapse of the collagen fibers 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 fluorescence, collagen fibers are observed by
using the second harmonic wave, and collagen fibers are
observed by using the coherent Raman scattering light.

SUMMARY OF THE INVENTION

[0017] The microscope according to the present invention
comprises a first pulsed laser generating means that gener-
ates a first pulse light having a first 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 first 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 fluorescence extraction means which extracts
only multiphoton excitation fluorescence 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 fluorescence detection means which detects the
multiphoton excitation fluorescence extracted through the
multiphoton excitation fluorescence 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 first pulsed laser gener-
ating means that generates a first pulse light having a first
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 first 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 fluorescence extrac-
tion means which extracts only multiphoton excitation fluo-
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 reflected, 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
fluorescence detection means which detects the multiphoton
excitation fluorescence extracted through the epi-illumi-
nated multiphoton excitation fluorescence 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 first pulsed laser generating means that gener-
ates a first pulse light having a first 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 first 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 reflected,
a forward multiphoton excitation fluorescence extraction
means which extracts only the multiphoton excitation fluo-
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 fluorescence detection means which
detects the multiphoton excitation fluorescence extracted
through the forward multiphoton excitation fluorescence
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 first pulsed laser generating means that gener-
ates a first pulse light having a first 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 first 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 fluorescence 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 fluorescence 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 reflected,
a forward second harmonic wave multiphoton excitation
fluorescence 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 fluorescence 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 fluorescence 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 fluo-
rescence switching extraction means.

[0020] The microscope according to the present invention
comprises a first pulsed laser generating means that gener-
ates a first pulse light having the first 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 first 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 fluorescence extraction means which extracts
only multiphoton excitation fluorescence 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 reflected, 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 reflected, 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 fluores-
cence detection means which detects the multiphoton exci-
tation fluorescence extracted through the epi-illuminated
multiphoton excitation fluorescence 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 fluorescence extraction
means which extracts only the multiphoton excitation fluo-
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 fluorescence
detection means which detects the multiphoton excitation
fluorescence extracted through the forward multiphoton
excitation fluorescence 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 first
pulse light which is near the wavelength of the first 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 fluorescence CARS light separation means in
which a predetermined wavelength band having a wave-
length longer than the wavelength of the first pulse light
which is near the wavelength of the first 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 fluo-
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 fluores-
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 fluorescence 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 first polarization component that changes the
multiphoton excitation fluorescence 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 fluores-
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 fluorescence detection means, and receives both
the modulated coherent anti-Stokes Raman scattering light
and the multiphoton excitation fluorescence, 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 first 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 first
pulse light and, the second pulse light is fixed 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 first 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 fluorescence 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 fluores-
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 first 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 reflected, 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
reflected.

[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 first 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 filter
used for the microscope in the first 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 filter
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 filter
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 filter
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 fifth embodiment
according to the present invention.

[0042] FIG. 12 is a diagrammatic chart showing optical
characteristics of a dichroic mirror and a band pass filter
used for the microscope in the fifth 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 filter
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 fluorescence 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
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embodiment, different observation techniques in the same
area of interest of the object of observation within a display
surface are combined and scanned.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0049] Prior to explaining embodiments, reasons why the
constitution of the present invention has been made as well
as functions and advantages according to the present inven-
tion will be explained.

[0050] According to the microscope of the present inven-
tion, the second harmonic wave, the multiphoton excitation
fluorescence, and the coherent Raman scattering light can be
separated, extracted and detected.

[0051] Before explaining the features concretely, principle
of generation of the coherent anti-Stokes Raman scattering
light and the coherent Stokes Raman scattering light will be
explained.

[0052] First, the principle of generation of the coherent
anti-Stokes Raman scattering light is explained as follows.
As shown in FIG. 1, when difference of frequency w, of
pump light 102 and frequency wg of Stokes light 103 are
coincided with natural-frequency wy, of a particle 105 at the
light condensing position in a specimen, the particle 105 at
a ground state 100 generates resonance vibration with the
frequency wy,, and an excitation state 101 occurs. Then, a
part of pump light 102' having frequency w, receives the
Doppler modulation of the natural-frequency -, of the
particle 105, and the coherent anti-Stokes Raman scattering
light (CARS light) 104 having frequency w, g is generated.
At this time, there is the following relation;

Wy s=Wp+Wy=2 Wp—Og

[0053] Therefore, if frequency ®S of the Stokes light 103
is scanned while fixing the frequency wP of the pump light
102, the natural frequency spectrum of the particle 105 can
be observed. Since the natural frequency spectrum changes
by a kind of particles, even when two or more kinds of
particles exist simultaneously, the kind of each particle can
be specified.

[0054] Generated intensity I, ¢ of the coherent Raman
scattering light as shown in the following equation, is
proportional to the product of a square of intensity I, of the
pump light and intensity Ig of the Stokes light.

Tas*Ip°Ig

[0055] In such way, the coherent anti-Stokes Raman scat-
tering light 104 is strongly generated only in the condensing
position of the pump light and the Stokes light in the
specimen. Generated intensity IAS of the coherent Raman
scattering light is proportional also to a square of the amount
of the particle 105 existing locally. Therefore, by scanning
spatially the condensing position of the pump light and the
Stokes light within the specimen, it is possible to obtain a
space distribution in the specimen of a specific particle.

[0056] Next, generation principle of the coherent Stokes
Raman scattering light will be explained using FIG. 2.

[0057] When laser pulse whose wavelength is shorter than
that of the pump light is used instead of the laser pulse of the
Stokes light mentioned above, the wavelength of the coher-
ent Raman scattering light becomes longer than that of the
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pump light. This is called coherent Stokes Raman scattering
light (CSRS light). And, laser pulse whose wavelength is
shorter than that of the pump light at this time is called
anti-Stokes light.

[0058] As shown in FIG. 2, when difference between
frequency wP of the pump light 102' and frequency wAS of
the anti-Stokes light 104 is coincided with natural-frequency
wV of the particle 105 at the condensing position in a
specimen, the particle 105 at the ground state 100 generates
a resonance vibration with the frequency wV, and it becomes
to the excitation state 101. Then, a part of pump light 102
having frequency wP receives the Doppler modulation of
natural-frequency oV of the particle 105, and CSRS light
103 having frequency w4 g is generated. At this time, there
is the following relation.

Ds=Wp—Wy=2 Wp=—Wy s

[0059] Therefore, if frequency wAS of the anti-Stokes
light 104 is scanned while fixing the frequency wP of the
pump light 102, the natural frequency spectrum of a particle
105 can be observed. Since the natural frequency spectrum
changes by the kind of particle, even when two or more
kinds of particles exist simultaneously, the kind of each
particle can be specified.

[0060] Insuch way, the CSRS light has the same character
as the CARS light except a fact that the CARS light has a
longer wavelength than that of the pump light. Further, since
the wavelength of the CSRS light is longer than that of the
anti-Stokes light, it has a feature such that there is almost no
overlapping with wavelength of the multiphoton excitation
fluorescence generated by excitation of the anti-Stokes-light
pulse.

[0061] In generation process of the coherent Raman scat-
tering light, self-fluorescence having a wavelength longer
than that of the pump light is generated from the object of
irradiation by the pump light. For this reason, if observation
using the coherent Stokes Raman scattering light having a
wavelength longer than that of the pump light by the usual
visible light domain is carried out, overlapping with the
self-fluorescence is generated, and accordingly, trouble
arises easily in the observation.

[0062] By the way, the second harmonic wave has a
wavelength of a half of that of the excitation light which is
the Stokes light or the anti-Stokes light. Multiphoton exci-
tation fluorescence has a wavelength shorter than that of the
excitation light. In the microscope according to the present
invention, considering that each wavelength band of the
second harmonic wave, the multiphoton excitation fluores-
cence and the pump light for observing the coherent Raman
scattering light does not overlap mutually. And considering
that a visible light domain is effectively used as a wave-
length domain of the observation light, the second harmonic
wave is used at the shortest wavelength domain, and the
multiphoton excitation fluorescence is used at a wavelength
band longer than it. And, considering that these wave-
lengths, the excitation light and the pump light are made not
to overlap each other, the wavelength domain of the pump
light becomes a near-infrared domain.

[0063] Thus, in the microscope according to the present
invention, the wavelength domain of the pump light
becomes settled inevitably in a near-infrared domain. In the
microscope according to the present invention, if it is
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constituted such that wavelength of the second pulse light of
is near the wavelength of the first pulse light, and a prede-
termined wavelength band of wavelength shorter than the
wavelength of the first pulse light is scanned, and the
coherent Raman scattering light is the coherent Stokes
Raman scattering light, since each wavelength of the second
harmonic wave, the multiphoton excitation fluorescence,
and the coherent Stokes Raman scattering light does not
overlap, each wavelength can be detected in separated states,
respectively.

[0064] Inthis case, since the self fluorescence generated in
a near-infrared domain has weak intensity compared with
the coherent Stokes Raman scattering light, no trouble in the
observation occurs. On the other hand, as the wavelength of
the anti-Stokes Raman scattering light is shorter than that of
the pump light, no influence of the self fluorescence by the
pump light is suffered. However, the intensity of the anti-
Stokes light is generally weak about 3-4 orders comparing
with the intensity of the pump light or the Stokes light.

[0065] And, the multiphoton excitation fluorescence has a
wavelength shorter than that of the excitation light as
mentioned above. Therefore, when the second harmonic
wave, the multiphoton excitation fluorescence, and the
coherent Stokes Raman scattering light are observed, there
is a case that the anti-Stokes Raman scattering light and the
multiphoton excitation fluorescence, the wavelength may
overlap in some part of wavelength bands, and accordingly,
a case where detection of the anti-Stokes Raman scattering
light having a weak intensity becomes difficult may occur.

[0066] In the microscope according to the present inven-
tion, if it comprises a multiphoton excitation fluorescence
CARS light separation means which separates the multipho-
ton excitation fluorescence and the coherent anti-Stokes
Raman scattering light, wherein the wavelength of the
second pulse light is near the wavelength of the first pulse
light, and it scans a predetermined wavelength band having
a wavelength longer than the wavelength of the first pulse
light, and the coherent Raman scattering light is coherent
anti-Stokes Raman scattering light, and any of wavelengths
may overlap at least in some part of wavelength band, each
of wavelengths can be detected in a separated state, respec-
tively.

[0067] Therefore, according to the microscope of the
present invention responding to an object observed to one
specimen as at least by using one microscope, all of the
multiphoton excitation fluorescence observation, the second
harmonic wave observation, and the coherent Raman scat-
tering light observations can be carried out in parallel.

[0068] The multiphoton excitation fluorescence CARS
light separation means can be constituted of the coherent
anti-Stokes Raman scattering light extraction means having
a time-resolved separation means which separates the mul-
tiphoton excitation fluorescence and the coherent anti-
Stokes Raman scattering light by time-resolved method.

[0069] Or, the multiphoton excitation fluorescence CARS
light separation means can be constituted of a modulation
means which generates modulated coherent anti-Stokes
Raman scattering light, and a detection means which serves
as both of the coherent Raman scattering light detection
means and the multiphoton excitation fluorescence detection
means, wherein the detection means receives both of the
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modulated coherent anti-Stokes Raman scattering lights and
the multiphoton excitation fluorescences, and separates a
modulated component and non-modulation component from
the received light and detects them.

[0070] According to the microscopes of the present inven-
tion, as mentioned above, it is constituted so that a prede-
termined wavelength band near the wavelength of the first
pulse light may be scanned by the second pulse light.

[0071] There is an absorption spectrum in the multiphoton
excitation fluorescence, and a luminescence intensity of the
multiphoton excitation fluorescence changes by scanning
the wavelength of the Stokes light. Then, if it is constituted,
like the microscope of the present invention, that it may be
scanned by the second pulse light, the wavelength of the
second pulse light used as the Stokes light can be adjusted
so that the luminescence intensity of the multiphoton exci-
tation fluorescence may become to the maximum, and the
multiphoton excitation fluorescence can be detected effi-
ciently.

[0072] Each of absorption spectra of multiphoton-excita-
tion-fluorescence pigment differs, respectively. Therefore, if
it is scanned by the wavelength of the second pulse light, a
fluorescence pigment can be identified from change of the
luminescence intensity of the multiphoton excitation fluo-
rescence.

[0073] In the second harmonic wave, owing to nonlinear
effect, influences by the Stokes light having a high peak
output value with narrower pulse width compared with that
of the pump light becomes dominating. And, the generation
efficiency of the second harmonic wave is dependent on the
wavelength of excitation light (in this case, the Stokes light).
Then, if it is scanned by a wavelength of the second pulse
light, it is possible to adjust so that the generation efficiency
of the second harmonic wave may become the optimal.

[0074] In the microscope of the present invention, the
wavelength of the second pulse light may be fixed as the
optimal wavelength for multiphoton excitation, while a
predetermined wavelength band is scanned by the first pulse

light,

[0075] In the microscope of the present invention, the
second pulse light (the Stokes light or the anti-Stokes light)
performs a function as excitation light in the multiphoton
excitation fluorescence observation and the second har-
monic wave observation. When a scanning is carried out by
the wavelength of the second pulse light used as Stokes light
or anti-Stokes light, since an absorption spectrum changes,
the luminous efficiency of fluorescence changes.

[0076] On the other hand, even if the scanning is carried
out by the pump light, the luminous efficiencies of the
multiphoton excitation fluorescence and the second har-
monic wave do not change. Accordingly, by using a wave-
length by which the luminous efficiency of the multiphoton
excitation fluorescence,, or the second harmonic wave
becomes the optimal is used as Stokes light or anti-Stokes
light, the coherent Raman scattering light can be detected,
while detecting the multiphoton excitation fluorescence or
the second harmonic wave in the optimal luminous condi-
tion.

[0077] By using laser light having pulse width of femto-
second as excitation light, luminous efficiencies of the
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multiphoton excitation fluorescence and the second har-
monic wave become good, comparing with a case that the
laser light having pulse width of picosecond is used.

[0078] Therefore, in the microscope of the present inven-
tion, it is desired that the first pulsed laser generating means
is constituted of a pulsed laser light source which oscillates
the pulsed laser beam having the wavelength width of
picosecond, and the second pulsed laser generating means is
constituted of a pulsed laser light source which oscillates the
pulsed laser beam having the wave width of femtosecond.

[0079] In the microscope according to the present inven-
tion, in each of the light which is emanated from the said
specimen and goes toward the direction where the light
irradiated through the irradiation means is reflected, or in the
light which is emanated from the specimen and goes toward
the direction where the light irradiated through the irradia-
tion means transmits, respectively, if a switching means
which switches and extracts the second harmonic wave and
the multiphoton excitation fluorescence is arranged, it is
possible to select an observation technique in which the light
intensity more suitable for the observation is obtained from
vertical-illumination observation or penetration observation
when the second harmonic wave and the multiphoton exci-
tation fluorescence are observed,

[0080] In the microscope according to the present inven-
tion, the coherent Raman scattering light extraction means is
constituted so that by switching, it enables to select extrac-
tion 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 irradia-
tion means is reflected, 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 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 reflected. By
such constitution mentioned above, it is possible to select an
observation technique in which the light intensity suitable
for observation is obtained.

[0081] In the microscope according to the present inven-
tion, if a laser light selection means having the first pulsed
laser generating means and a switching means which
switches ON/OFF of the second pulsed laser generating
means, and a control means which controls the laser light
selection means are arranged, a desired observation tech-
nique can be chosen by selecting laser light according to the
area of interest of an object of observation. Moreover, the
laser irradiation to the area of interest of the object of
observation can be suppressed to necessary minimum.
Accordingly, the damage to the specimen and fading of
fluorescence can also be suppressed considerably.

[0082] In the microscope-according to the present inven-
tion, observation can be carried out with a desired observa-
tion technique corresponding to the object for every area of
interest of object of the observation on single display screen,
by constituting such that it comprises an image processing
apparatus which processes a signal detected through the
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coherent Raman scattering light extraction means, the mul-
tiphoton excitation fluorescence and the second harmonic
wave detection means, an image display apparatus which
displays an image processed by the image processing appa-
ratus, and a scanning means which scans the light irradiating
the specimen in the direction of two dimensions, wherein a
control means is constituted so that it may control the laser
light selection means and the scanning means so as to
display an observation image by the coherent Raman scat-
tering light, an observation image by the multiphoton exci-
tation fluorescence, and an observation image by the second
harmonic wave, simultaneously or selectively, at a position
corresponding to an area of interest of the specimen in the
display screen of the image display apparatus through the
image processing apparatus and the image display appara-
tus.

First Embodiment

[0083] Hereafter, embodiments of the present invention
will be explained using drawings. In diagrammatic charts of
the drawings in the following embodiments, the following
expressions are used: SHG denotes second harmonic wave,
2-P denotes multiphoton excitation fluorescence, Anti-
Stokes denotes anti-Stokes light, Pump denotes pump light,
CSRS denotes coherent Raman scattering light, Stokes
denotes Stokes light, CARS denotes the coherent Raman
scattering light, and 1-P denotes single photon excitation
fluorescence. These symbols are commonly used in each of
the following embodiments.

[0084] FIG. 3 is a diagram showing an optical composi-
tion of the microscope of the first embodiment according to
the present invention. FIG. 4 is a diagrammatic chart
showing optical characteristics of a dichroic mirror and a
band pass filter used for the microscope in the first embodi-
ment.

[0085] A microscope of the first embodiment comprises a
first pulsed laser generating means 1 that generates a first
pulse light having a first wavelength component, a second
pulsed laser generating means 2 which generates a second
pulse light having a second wavelength component, an
irradiation means (symbol is omitted) which is constituted
so that irradiation to a specimen 4 can be carried out by
composing the first pulse light and the second pulse light,

[0086] a coherent Raman scattering light extraction means
(symbol is omitted)which extracts only coherent Stokes
Raman scattering light from light from the specimen 4 to
which irradiating light is irradiated through the irradiation
means,

[0087] a two-photon excitation fluorescence extraction
means 6 which extracts only two-photon excitation fluo-
rescence generated by irradiating the second pulse light to
the specimen 4 from the light emanated from the speci-
men 4 to which irradiating light is irradiated through the
irradiation means, a second harmonic wave extraction
means 7 which extracts only light having the second
harmonic wave component generated by irradiating the
second pulse light to the specimen 4 from the light
emanated from the specimen 4 to which irradiating light
is irradiated through the irradiation means, a coherent
Stokes Raman scattering light detection means 8 which
detects the coherent Stokes Raman scattering light, a
vertically illuminated photon detection means 9 and a
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forward light detection means 10 which detect two-
photon excitation fluorescence or the second harmonic
wave.

[0088] The first pulsed laser generating means 1 is con-
stituted of a pulsed laser light source which generates pulse
light having pulse width of picosecond at wavelength, for
example, about 900 nm as the first pulse light.

[0089] The second pulsed laser generating means 2 is
constituted of a predetermined wavelength band in which
the wavelength is near the wavelength of the first pulse light,
and shorter than the wavelength of the first pulse light, a
pulsed laser light source which generates pulse light having
pulse width of femtosecond at a predetermined wavelength
band in which the wavelength is near the wavelength of the
first pulse light, and shorter than the wavelength of the first
pulse light, for example, about 700-900 nm as the second
pulse light. Further, the second pulsed laser generating
means 2 is constituted so that scanning may be carried out
by using the wavelength of the second pulse light within the
predetermined wavelength band (about 700-900 nm).

[0090] And, in the microscope of embodiment 1, it is
constituted so that the first pulse light functions as pump
light, and the second pulse light functions as anti-Stokes
light.

[0091] An irradiation means is constituted of a mirror 11,
a half mirror 12, dichroic mirrors 13 and 14, galvanometer
mirrors 15 and 16, and an objective lens 17.

[0092] The half mirror 12 is arranged on an optical path
where the first pulse light and second pulse light are crossed.

[0093] The dichroic mirror 13 has optical characteristics
so that light having wavelength below the wavelength band
(for example, about 500-650 nm) of two-photon excitation
fluorescence may transmit it, and it may reflect the light
having wavelength longer than the wavelength band (for
example, about 700-900 nm) of the anti-Stokes light.

[0094] The dichroic mirror 14 has optical characteristics
so that light having wavelength below the wavelength band
(for example, about 900 nm) of pump light may transmit it,
and it may reflect the light having wavelength longer than
the wavelength band of the pump light.

[0095] The galvanometer mirrors 15 and 16 are consti-
tuted so that a light-condensing position of illuminating
radiation in a specimen 4 may be scanned in the direction of
two dimensions.

[0096] The coherent Raman scattering light extraction
means is constituted of E-CSRS (EPI-DETECTED
COHERENT STOKES RAMAN) light extraction means
(symbol is omitted) which extracts the coherent Stokes
Raman scattering light from the light emanated from the
specimen 4 which goes toward the direction in which the
light irradiated through the irradiation means is reflected,
and F-CSRS (FORWARD-DETECTED COHERENT
STOKES RAMAN) light extraction means (symbol is omit-
ted) which extracts the coherent Stokes Raman scattering
light from the light emanated from the specimen 4 which
goes toward the direction which the light irradiated through
the irradiation means transmits.

[0097] The E-CSRS-light extraction means is constituted
of the dichroic mirror 14, a mirror 22, a half mirror 23, a
spectroscope 24, and a lens 25.
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[0098] The spectroscope 24 is constituted of a mirror 26
which leads incidence light to a spectrum element 27 which
consists of a grating etc., a distributed projection lens 28
which projects the light distributed by the spectrum element
27, and a shading component 29 arranged so that the
coherent Stokes Raman scattering light may pass and the
other light may be intercepted.

[0099] The F-CSRS-light extraction means is constituted
of a dichroic mirror 30 having the same optical character-
istics as the dichroic mirror 14, the half mirror 23, the
spectroscope 24 and the lens 25.

[0100] The half mirror 23 is arranged on the optical path
where the light reflected by the mirror 22 and the light
reflected by the dichroic mirror 30 are crossed.

[0101] The half mirror 23 and another mirror (illustration
is omitted) are arranged on a slider ( illustration is omitted),
and it is constituted so that it may switch to select one of
three conditions, namely, a condition where the half mirror
23 is arranged on the slider ( illustration is omitted), a
condition where the half mirror 23 has been removed from
the optical path via the slider, or a condition where another
mirror (illustration is omitted) is used from the half mirror
23 by switching.

[0102] In FIG. 3, the half mirror 23 is arranged on the
optical path, where a condition in which the CSRS light of
both the E-CSRS light and the F-CSRS light can be
extracted is shown. When the half mirror 23 is removed from
the optical path, only the F-CSRS light is extracted, and
when switching to another mirror ( illustration is omitted),
only the E-CSRS light is extracted.

[0103] In the coherent stokes Raman scattering light
extraction means, as P-CSRS (POLARIZATION COHER-
ENT STOKES RAMAN) light extraction means (symbol is
omitted) which extracts polarized type coherent Stokes
Raman scattering light, a polarizer 32 which converts into a
predetermined linear polarized light is arranged between the
first pulsed laser generating means 1 and the mirror 11, and
a polarizer 33 which converts into a linear polarized light
having a different angle from that of the linear polarized
light which is converted with the polarizer 32 is arranged
between the second pulsed laser generating means 2 and the
half mirror 12, and a light analyzer 34 in which the linear
polarized light of the coherent Stokes Raman scattering light
transmits and non-resonance scattering light is intercepted is
arranged between the half mirror 23 and the spectroscope
24. The light analyzer 34 is arranged so that it can be
attached and detached via the slider etc., respectively.

[0104] By inserting the P-CSRS light extraction means on
the optical path, by irradiating to a specimen the first pulse
light and the second pulse light which have been converted
into the linear polarized light having different oscillating
directions, respectively, and further by extracting only the
linear polarized light component of a specific direction from
the scattering light the non-resonant Raman scattering com-
ponent as background noise is removed, and accordingly, the
coherent Stokes Raman scattering light can be detected with
high sensitivity,.

[0105] The two-photon excitation fluorescence extraction
means 6 is constituted of a band pass filter where only the
light having a wavelength of the wavelength band (for
example, about 500-650 nm) of the two-photon excitation
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fluorescence transmits, and the light having a wavelength
other than the wavelength mentioned above is intercepted.

[0106] The second harmonic wave extraction means 7, is
constituted of a band pass filter in which only the light
having a wavelength of the wavelength band (for example,
about 350-450 nm) of the second harmonic wave of the
second pulsed laser light transmits, and the light having a
wavelength other than the wavelength mentioned above is
intercepted.

[0107] Band pass filters 6 and 7, are arranged so that one
of them can be inserted in or removed from an optical path
between the dichroic mirror 13 and the vertically illuminated
photon detection means 9, and an optical path between the
dichroic mirror 30 and the transmitted light detection means
10, respectively. And it is constituted such that when the
band pass filter 6 is inserted, the two-photon excitation
fluorescence is extracted, and when the band pass filter 7 is
inserted, the second harmonic wave is extracted.

[0108] The detection means 8, 9, and 10 are constituted of
detectors.

[0109] Numerical symbol 35 denotes an objective lens.

[0110] Performance of the microscope of the first embodi-
ment constituted in this way will be explained. Here, as
shown in FIG. 3 for convenience sake, explanation will be
made with respect to case that each of the polarizer 32, the
polarizer 33, the light analyzer 34 and the half mirror 23 is
inserted in a predetermined position on an optical path,
respectively, and at the same time, the band pass filter 7 is
inserted in an optical path between the dichroic mirror 13
and the vertically illuminated photon detection means 9, and
the band pass filter 6 is inserted in an optical path between
the dichroic mirror 30 and the transmitted light detection
means 10, respectively.

[0111] According to the microscope of the first embodi-
ment, pump light which is emanated from the first pulsed
laser generating means 1, is polarized to a linear polarized
light component of a predetermined direction through the
polarizer 32, and it is reflected by the mirror 11 and enters
into the half mirror 12. The anti-Stokes light which is
emitted from the second pulsed laser generating means 2, is
polarized to the linear polarized light having a different
angle from that of the pump light through the polarizer 33,
and enters into the half mirror 12. The pump light reflected
by the half mirror 12 and the Stokes light which transmitted
the half mirror 12 are composed as light having passed
through the same optical path. Composed light is reflected
by the dichroic mirror 13, transmits the dichroic mirror 14,
is scanned at light-condensing position of illuminating radia-
tion in the specimen 4 to the direction of two dimensions via
Galvanometer mirrors 15 and 16, and is condensed by the
objective-lens 17, and then it irradiates a predetermined
point in the specimen 4.

[0112] The specimen 4 emits the coherent Stokes Raman
scattering light by irradiation of the pump light and the
anti-Stokes light. The specimen 4 emits the second harmonic
wave of the wavelength having a half of the anti-Stokes light
by irradiation of the anti-Stokes light. Furthermore, by
irradiation of the anti-Stokes light, the specimen 4 generates
the two-photon excitation phenomenon, and emits fluores-
cence at the timing delayed to the coherent Stokes Raman
scattering light or the second harmonic wave.
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[0113] By irradiation light through the irradiation means,
among the light which is emitted from the specimen 4 and
the light which transmits or the light which is reflected on
the specimen 4, the light from the specimen 4 which goes
toward the direction where it is reflected enters into the
dichroic mirror 14 through the objective lens 17 and galva-
nometer mirrors 16 and 15. Among the light which entered
into the dichroic mirror 14, the coherent Stokes Raman
scattering light is reflected with the dichroic mirror 14, and
the light having shorter wavelength than that of the coherent
Raman scattering light (the pump light, the anti-Stokes light,
the two-photon excitation fluorescence, and the second
harmonic wave) transmits the dichroic mirror 14,

[0114] The light which transmitted the dichroic mirror 14
enters into the dichroic mirror 13. Out of the light which
entered into the dichroic mirror 13, the light having the
wavelength longer than that of the anti-Stokes light (the
anti-Stokes light and the pump light) is reflected by the
dichroic mirror 13, and light having shorter wavelength than
that of the coherent Raman scattering light (the second
harmonic wave and the two-photon excitation fluorescence)
transmits the dichroic mirror 13.

[0115] The light which transmitted the dichroic mirror 13
enters into the band pass filter 7. Among the light which
entered into the band pass filter 7, only the second harmonic
wave transmits the band pass filter 7, and the light other than
the second harmonic wave, (the two-photon excitation fluo-
rescence and the light having other wavelength which trans-
mitted the dichroic mirror 14 very slightly) is intercepted.
The second harmonic wave that transmitted the band pass
filter 7 is detected by the vertically illuminated photon
detection means 9.

[0116] By irradiation light through the irradiation means,
among the light which is emitted from the specimen 4 and
light which transmits or is reflected on the specimen 4, the
light from the specimen 4 which goes toward the direction
where it transmits enters into the dichroic mirror 30 through
the objective lens 35. Among the light which entered into the
dichroic mirror 30, the coherent Stokes Raman scattering
light is reflected by the dichroic mirror 30, and the light
having shorter wavelength than that of the coherent Raman
scattering light (the pump light, the anti-Stokes light, the
two-photon excitation fluorescence, and the second har-
monic wave) transmits the dichroic mirror 30.

[0117] The light which transmitted the dichroic mirror 30
enters into the band pass filter 6. Among the light which
entered into the band pass filter 6, only the second harmonic
wave transmits the band pass filter 7, and the light other than
the two-photon excitation fluorescence (the pump light, the
anti-Stokes light, the two-photon excitation fluorescence,
the second harmonic wave, and other light having a wave-
length which transmitted the dichroic mirror 30 very
slightly) is intercepted. The two-photon excitation fluores-
cence that transmitted the band pass filter 6 is detected by the
transmitted light detection means 10.

[0118] The light reflected by the dichroic mirror 14, is
reflected by the mirror 22 and enters into the half mirror 23.
The light reflected by the dichroic mirror 30 enters into the
half mirror 12. The light reflected by the half mirror 22 and
the light which transmitted the half mirror 23, enter into the
light analyzer 34. Among the light which entered into the
light analyzer 34, the non-resonance scattering light is
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intercepted by the light analyzer 34, and the coherent Stokes
Raman scattering light is reflected with the dichroic mirror
30, and the light having other wavelength which is reflected
by the dichroic mirrors 14 and 30 very slightly) passed the
light analyzer 34, and enters into the mirror 26 of the
spectroscope 24.

[0119] The light which entered into the mirror 26 is
reflected by the mirror 26 and enters into the spectrum
element 27. The light which entered into the spectrum
element 27, is dispersed by a predetermined wavelength
resolving power, and enters into the distributed projection
lens 28, and then its spectrum is projected through the
distributed projection lens 28. Among the light of which
spectrum projection is carried out, the light having wave-
lengths other than the coherent Stokes Raman scattering
light is intercepted by the shading component 29, and the
coherent Stokes Raman scattering light passes the shading
component 29, and then it is detected by the detection means
8.

[0120] When the band pass filter 6 is inserted in the optical
path between the dichroic mirror 13 and the vertically
illuminated photon detection means 9, and the band pass
filter 7 is inserted in the optical path between the dichroic
mirror 30 and the transmitted light detection means 10, the
two-photon excitation fluorescence under vertical-illumina-
tion is detected by the vertically illuminated photon detec-
tion means 9 and the second harmonic wave under trans-
mitted illumination is detected by the transmitted light
detection means 10, respectively.

[0121] When the half mirror 23 is removed from the
optical path, only the F-CSRS light is detected by the
detection means 8. When the mirror( symbol is omitted) is
used by switching, only the E-CSRS light is detected by the
detection means 8.

[0122] Thus, according to the microscope of the first
embodiment, responding to any object of observation to one
specimen by using one microscope, any of the two-photon
excitation fluorescence observation, the second harmonic
wave observation, and the coherent Raman scattering light
observations can be carried out in parallel, or selectively.

[0123] Inthe microscope of the first embodiment, the band
pass filters 6 and 7 are constituted so as to enable to be
switched, but they can be arranged at any fixed position,
respectively. Although the half mirror 23 is constituted so as
to enable to be switched through the slider( illustration is
omitted), it is constituted such that any one of them can be
arranged at a fixed position, or none of them is arranged.
Furthermore, it can be constituted such that the polarizer 32,
the polarizer 33, and the light analyzer 34 are also arranged
at a fixed position, or neither of them is arranged.

Second Embodiment

[0124] FIG. 5 is a diagram showing an outlined compo-
sition of the microscope system of the second embodiment
according to the present invention. FIG. 6 is a diagrammatic
chart showing optical characteristics of a dichroic mirror and
a band pass filter used for the microscope in the second
embodiment.

[0125] In the microscope of the second embodiment, The
half mirror 23 is fixed on the optical path where the light
reflected by the mirror 22 and the light reflected by the
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dichroic mirror 30 are crossed, whereby its constitution is
limited in such that the coherent Stokes Raman scattering
light of both of the F-CSRS light and the E-CSRS light are
extracted.

[0126] On an optical path at a penetration side of the
dichroic mirror 14, a dichroic mirror 36a is arranged. In the
dichroic mirror 13, light having a wavelength of the wave-
length band (for example, about 350-450 nm) of the second
harmonic wave of the second pulsed laser light transmits,
and light having a wavelength longer than that of the second
harmonic wave is reflected. On an optical path at a penetra-
tion side of the dichroic mirror 36a, a band bus filter 7a in
which only the light having the wavelength of the wave-
length band (for example, about 350-450 nm) of the second
harmonic wave of the second pulsed laser light transmits,
and the light having the other wavelength is intercepted, and
a detector 9a as a vertically illuminated second harmonic
wave detection means are arranged. On an optical path at a
reflection side of the dichroic mirror 36a, a band pass filter
6a in which only the light having a wavelength of the
wavelength band (for example, about 500-650 nm) of the
two-photon excitation fluorescence transmits, and the light
having a wavelength other than the wavelength mentioned
above is intercepted, and a detector 10a as a vertically
illuminated two-photon excitation fluorescence detection
means are arranged. By such constitution as mentioned
above, the vertically illuminated two-photon excitation fluo-
rescence and the vertically illuminated second harmonic
wave can be detected in parallel.

[0127] On an optical path at penetration side of the dich-
roic mirror 30, a dichroic mirror 36 b having the same
optical characteristics as the dichroic mirror 36q is arranged.
On an optical path at a penetration side of a dichroic mirror
36b, a band pass filter 76 having the same optical charac-
teristics as the band pass filter 7a, and a detector 95 having
the same constitution as the vertically illuminated second
harmonic wave detection means 9 as a transmitted second
harmonic wave detection means are arranged. On an optical
path at a reflection side of the dichroic mirror 365, a band
pass filter 65 having the same optical characteristics as the
band pass filter 6a, and a detector 105 having the same
constitution as the vertically illuminated second harmonic
wave detection means 10a as a forward second harmonic
wave detection means are arranged. By such constitution as
mentioned above, the forward two-photon excitation fluo-
rescence and the forward second harmonic wave can be
detected in parallel.

[0128] According to the microscope of the second
embodiment, the vertically illuminated second harmonic
wave, the vertically illuminated two-photon excitation fluo-
rescence the forward second harmonic wave, the forward
two-photon excitation fluorescence, and the coherent Stokes
Raman scattering light can be detected at once. Other
functions and action effects are almost the same as the
microscope of the first embodiment.

Third Embodiment

[0129] FIG. 7 is a diagram showing an outlined compo-
sition of the microscope system of the third embodiment
according to the present invention. FIG. 8 is a diagrammatic
chart showing optical characteristics of a dichroic mirror and
a band pass filter used for the microscope in the third
embodiment.
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[0130] The microscope of the third embodiment com-
prises a first pulsed laser generating means 1' that generates
a first pulse light having a first wavelength component, a
second pulsed laser generating means 2' that generates a
second pulse light having a second wavelength component,
an irradiation means (symbol is omitted) which is consti-
tuted so that irradiation to the specimen 4 can be carried out
by composing the first pulse light and the second pulse light,
a coherent anti-Stokes Raman scattering light extraction
means (symbol is omitted) which extracts only coherent
anti-Stokes Raman scattering light from the light emanated
from the specimen 4 to which irradiating light is irradiated
through the irradiation means, a vertically illuminated the
two-photon excitation fluorescence extraction means (sym-
bol is omitted) which extracts only the two-photon excita-
tion fluorescence generated by irradiating the second pulse
light to the specimen 4 from the light emanated from the
specimen 4 to which irradiating light is irradiated through
the irradiation means (symbol is omitted), a forward second
harmonic wave extraction means 7 that extracts only light
having the second harmonic wave component generated by
irradiating the second pulse light to the specimen 4 from the
light from the specimen 4 to which irradiating light is
irradiated through the irradiation means, a coherent anti-
Stokes Raman scattering light detection means that detects
the coherent anti-Stokes Raman scattering light, a vertically
illuminated two-photon excitation fluorescence detection
means 9' which detects the two-photon excitation fluores-
cence, and a forward second higher-harmonic-wave-detec-
tion-means 10" which detects the second harmonic wave.
The first pulsed laser generating means 1', is constituted of
a pulsed laser light source which generates pulse light
having pulse width of picosecond at wavelength, for
example, about 700 nm as the first pulse light.

[0131] A second pulsed laser generating means 2' is con-
stituted of a pulsed laser light source which generates pulse
light, as the second pulse light, having a pulse width of
femtosecond at a wavelength in a predetermined wavelength
band (for example, about 700-900 nm) whose wavelength is
longer than that of the first pulse light,. The second pulsed
laser generating means 2' is constituted such that scan can be
carried out by using the wavelength of the second pulse light
within the predetermined wavelength band (about 700-900
nm).

[0132] In the microscope of the third embodiment, it is
constituted such that the first pulse light functions as pump
light, and the second pulse light functions as anti-Stokes
light. An irradiation means is constituted of the mirror 11,
the half mirror 12, the dichroic mirror 41, the galvanometer
mirrors 15 and 16, and the objective lens 17. The half mirror
12 is arranged on an optical path where the first pulse light
and second pulse light are crossed.

[0133] The dichroic mirror 41 has optical characteristics
such that light having wavelength shorter than the wave-
length band (for example, about 700 nm) of pump light can
transmit it, and it reflects the light having a wavelength
longer than the wavelength of the pump light.

[0134] The galvanometer mirrors 15 and 16 are consti-
tuted so that a light-condensing position of illuminating
radiation in the specimen 4 may be scanned in the direction
of two dimensions.

[0135] The coherent anti-Raman scattering light extrac-
tion means is constituted of the E-CSRS light extraction
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means (symbol is omitted) which extracts the coherent
anti-Stokes Raman scattering light from the light emanated
from the specimen 4 which goes toward the direction in
which the light irradiated through the irradiation means is
reflected, and the F-CARS light extraction means (symbol is
omitted) which extracts the coherent anti-Stokes Raman
scattering light from the light emanated from the specimen
4 which goes toward the direction which the light irradiated
through the irradiation means transmits.

[0136] The F-CARS-light extraction means is constituted
of a polarization beam splitter 42, a half mirror 22, a half
mirror 23, a dichroic mirror 43, mirrors 44, 45, a Kerr gate
46, a light analyzer 47, a spectroscope 24, and a lens 25. The
polarization beam splitter 42 has an optical characteristics
such that linear polarized light is reflected, and light other
than linear polarized light is reflected or transmits (that is,
the transmitted light is restricted to light other than linear
polarized light) and it also has a function as a vertically
illuminated two-photon excitation fluorescence extraction
means which extracts the two-photon excitation fluores-
cence which is not linear polarized light.

[0137] The dichroic mirror 43 has optical characteristics
such that light having wavelength shorter than the wave-
length band (for example, about 700 nm) of the pump light
can transmit it, and it reflects the light having a wavelength
longer than the wavelength of the pump light, like the case
of the dichroic mirror 43.

[0138] The mirror 45 is arranged so that light may be
entered slantingly into the Kerr gate 46. The Kerr gate 46 has
a function to rotate a polarization direction of the linear
polarized light which transmits the half mirror 23 and is
reflected on it, and enters into the Kerr gate 46, to a
predetermined direction, when light enters slantingly from
the mirror 45.

[0139] The light analyzer 47 has optical characteristics
such that the linear polarized light of which a direction of
polarization has been changed when it transmits the Kerr
gate 46 can transmit it, and linear polarized light which does
not change in polarization direction when it transmits the
Kerr gate 46, is intercepted,

[0140] The spectroscope 24 is constituted of a mirror 26
which leads incidence light to a spectrum element 27, the
spectrum element 27 which consists of a grating etc., a
distributed projection lens 28 which projects the light dis-
tributed by the spectrum element 27, a shading component
29 arranged so that the coherent anti-Stokes Raman scatter-
ing light may be passed and the other light may be inter-
cepted.

[0141] The F-CARS-light extraction means is constituted
of a dichroic mirror 48, a polarizer 49, a half mirror 23, a
dichroic mirror 43, mirrors 44, 45, a Kerr gate 46, a light
analyzer 47, a spectroscope 24, and a lens 25.

[0142] The dichroic mirror 48 has optical characteristics
such that light having a wavelength longer than wavelength
band (for example, 570-700 nm) of the coherent anti-Stokes
Raman scattering light is reflected, and light having shorter
wavelength than that of the coherent anti-Raman scattering
light transmits it.

[0143] The polarizer 49 has optical characteristics which
converts the two-photon excitation fluorescence having a
random polarization direction into linear polarized light.
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[0144] The mirror 44 and the mirror 45 have a regulating
function such that at the same timing as such timing that the
coherent anti-Stokes Raman scattering light (the E-CARS
light and F-CARS light) which is reflected at the half mirror
23 and transmitted it enters into the Kerr gate 46, the Stokes
light from the mirror 45 is made enter in the Kerr gate 46.

[0145] The half mirror 23 is arranged on an optical path
where the light reflected by the mirror 22 and the light which
transmitted the polarizer 49 are crossed.

[0146] The half mirror 23 and another mirror (illustration
is omitted) are arranged at a slider (illustration is omitted),
and it is constituted so as to switch the following three
conditions; that is, the condition mentioned above, a con-
dition where the half mirror 23 has been removed from the
optical distance through the slider, and a condition changed
by switching from the half mirror 23 to another mirror (
illustration is omitted). In FIG. 7, the half mirror 23 is
arranged on the optical path, where a condition in which the
CARS light of both the E-CARS light and the F-CARS light
can be extracted is shown. It is constituted such that when
the half mirror 23 is removed from the optical path, only the
F-CARS light is extracted, and when the mirror (symbol is
omitted) is used by switching, only the E-CARS light is
extracted.

[0147] In the microscope of the third embodiment, for
convenience, illustration has been omitted. However, it is
possible to constitute such that as the P-CSRS (POLAR-
IZATION COHERENT ANTI-STOKES RAMAN) light
extraction means which extracts polarized type coherent
anti-Stokes Raman scattering light, like the P-CSRS light
extraction means in the first embodiment, a first polarizer
which converts into a predetermined linear polarized light is
arranged between the first pulsed laser generating means 1'
and the mirror 11, and a second polarizer which converts
into a linear polarized light having a different angle from that
of'the linear polarized lightn which is converted with the first
polarizer is arranged between the second pulsed laser gen-
erating means 2' and the mirror 12, and a light analyzer in
which the linear polarized light of the coherent Anti-Stokes
Raman scattering light transmits and the non-resonance
scattering light is intercepted is arranged between the half
mirror 23 and the spectroscope 24 can be are arranged so
that they can be attached and detached via the slider etc.,
respectively.

[0148] Ifthe P-CARS light extraction means is inserted in
the optical path, by irradiating to a specimen, the first pulse
light and the second pulse light which have been converted
into the linear polarized light having different oscillating
directions, respectively, and further by extracting only the
linear polarized light component of a specific direction from
the scattering light, the non-resonant Raman scattering com-
ponent as background noise is removed. Accordingly, the
coherent Anti-Stokes Raman scattering light can be detected
with high sensitivity.

[0149] The two-photon excitation fluorescence extraction
means comprises the beam splitter 42 having the optical
characteristics which reflects linear polarized light, and
transmits or reflects the light other than linear polarized
light, as mentioned above, and the pump light, the Stokes
light, the coherent anti-Stokes Raman scattering light, and
the second harmonic wave which are linear polarized light
are unable to transmit, but only the light having a wave-
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length of the wavelength band (for example, about 500-650
nm) of the two-photon excitation fluorescence other than
linear polarized light is able to transmit.

[0150] The second harmonic wave extraction means 7' is
constituted such that a band pass filter in which only the light
having a wavelength of the wavelength band (for example,
about 350-450 nm) of the second harmonic wave of the
second pulsed laser light transmits, and the light having a
wavelength other than the wavelength mentioned above is
intercepted.

[0151] As mentioned above, the microscope of the third
embodiment comprises as a separation means for separating
the coherent anti-Raman scattering light and the two-photon
excitation fluorescence, a time-resolved means constituted
of a delayed optical system such as mirrors 44, 45 etc, and
Kerr-gate 46 etc.

[0152] Since a part of wavelength bands of the coherent
anti-Stokes Raman scattering light and the two-photon exci-
tation fluorescence may overlap, it is necessary to separate
them. However, in the specimen the coherent anti-Stokes
Raman scattering light is generated only at the moment
when the excitation light pulse which is the Stokes light is
irradiated. But, the two-photon excitation fluorescence is
generated behind time from irradiation of the excitation light
pulse, and light emitting is continued for the time being after
the excitation light pulse disappeared. Then, by arranging
the Kerr gate 46, a timing at which the excitation light pulse
(the Stokes light) and the coherent anti-Stokes Raman
scattering light enter into the Kerr gate 46, and a timing at
which the two-photon excitation fluorescence enters into the
Kerr gate 46 are shifted, polarization directions of the
coherent anti-Stokes Raman scattering light and the two-
photon excitation fluorescence when they pass the Kerr gate
46, can be made to be different, and accordingly, by sepa-
rating for every different polarization component, each light
can be separated.

[0153] Then, performance or action of the microscope of
the third embodiment constituted in this way will be
explained. Here, a case where the P-CARS light extraction
means which is not illustrated is not inserted in the prede-
termined position on the optical path, and the CARS-light
half mirror 23 is inserted in the predetermined position on
the optical path will be explained here for convenience sake.

[0154] According to the microscope of the third embodi-
ment, the pump light emanated from the pulsed laser gen-
erating means 1' is reflected by the mirror 11 and enters into
the half mirror 12. The Stokes light emitted from the second
pulsed laser generating means 2' enters into the half mirror
12. The pump light reflected by the half mirror 12 and the
Stokes light which transmitted the half mirror 12 are com-
pounded as light passing through the same optical path. The
composed light is reflected by the dichroic mirror 41, is
scanned at light-condensing position of illuminating radia-
tion in the specimen 4 to the direction of two dimensions via
the galvanometer mirrors 15 and 16, and is condensed by the
objective-lens 17, and then irradiates a predetermined point
in the specimen 4.

[0155] By irradiating the pump light and the Stokes light
to the specimen 4, it emits the coherent anti-Raman scatter-
ing light, By irradiating the Stokes light to the specimen 4,
it emits the second harmonic wave of the wavelength of a
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half of the Stokes light. Further, by irradiating the Stokes
light to the specimen 4, the two-photon excitation phenom-
enon is generated, and fluorescence is emitted at delayed
timing for the coherent anti-Stokes Raman scattering light or
the second harmonic wave.

[0156] Among the light which is emitted from the speci-
men 4 and the light which transmits the specimen 4 or is
reflected on it by irradiating the light through the irradiation
means, the light from the specimen 4 which goes toward the
direction where it is reflected enters into the dichroic mirror
41 through the objective lens 17 and the galvanometer
mirrors 16 and 15. Among the light which entered into the
dichroic mirror 41, the pump light and the Stokes light are
reflected with the dichroic mirror 14. And the light having
shorter wavelength than that of the pump light (the coherent
anti-Stokes Raman scattering light, the two-photon excita-
tion fluorescence, and the second harmonic wave) transmits
the dichroic mirror 41.

[0157] The light which transmitted the dichroic mirror 41
enters into the polarization beam splitter 42. Among the light
which entered into the polarization beam splitter 42, the
coherent anti-Stokes Raman scattering light and the second
harmonic wave which are linear polarized light are reflected
by the polarization beam splitter 42. Since the two-photon
excitation fluorescence has random polarization directions
by nature, very small amount of the linear polarized light
components are reflected by the beam splitter 42, and almost
all the components that are not linear polarized light transmit
the polarization beam splitter 42. Thereby, only the two-
photon excitation fluorescence is extracted. The two-photon
excitation fluorescence which transmitted the polarization
beam splitter 42 is detected by the vertical illumination
two-photon excitation fluorescence detection means 9'.

[0158] Among the light which is emitted from the speci-
men 4 and light which transmits the specimen 4 or is
reflected on it by irradiating the light through the irradiation
means, the light from the specimen 4 which goes toward the
direction to which it transmits, enters into the dichroic
mirror 43 through the objective lens 35. Among the light
which entered into the dichroic mirror 43, the pump light
and the Stokes light are reflected with the dichroic mirror 43,
and the light having shorter wavelength than that of the
pump light (the coherent anti-Stokes Raman scattering light,
the two-photon excitation fluorescence, and the second
harmonic wave) transmits the dichroic mirror 43.

[0159] The light which transmitted the dichroic mirror 43
enters into the dichroic mirror 48. Among the light which
entered into the dichroic mirror 48, the light having a
wavelength longer than wavelength band (for example,
570-700 nm) of the coherent anti-Stokes Raman scattering
light (the two-photon excitation fluorescence and the anti-
coherent Raman scattering light of which wavelengths over-
lap mutually in a part of wavelength domains) is reflected by
the dichroic mirror, and the light having shorter wavelength
than that of the coherent anti-Raman scattering light (the
two-photon excitation fluorescence, and the second har-
monic wave) transmits the dichroic mirror 48.

[0160] The light which transmitted the dichroic mirror 48
enters into the band pass filter 7'. Out of the light which
entered into the band pass filter 6, only the second harmonic
wave transmits the band pass filter 7, and the lights other
than the second harmonic wave (the two-photon excitation
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fluorescence and the light having other wavelength which
transmitted the dichroic mirror 14 very slightly) is inter-
cepted. The second harmonic wave that transmitted the band
pass filter 7 is detected by the forward second harmonic
wave detection means 10'.

[0161] The light reflected by the polarization beam splitter
42, is reflected by the mirror 22 and enters into the half
mirror 23. The light reflected by the dichroic mirror 48
transmits a polarizer 49. At this time, the two-photon exci-
tation fluorescence is converted into linear polarized light.
The light which transmitted the polarizer 49 enters into the
half mirror 23.

[0162] The light reflected by the half mirror 22 and light
which transmitted the half mirror 23, enter into the Kerr gate
46 at a timing which is different by the Stokes coherent
Raman scattering light and the two-photon excitation fluo-
rescence enters into the Kerr gate 46.

[0163] At this time, the pump light reflected by the dich-
roic mirror 43, and the Stokes light enter into the Kerr gate
46 slantingly via the mirrors 44 and 45, by the same timing
as the timing by which the Stokes coherent Raman scattering
light enters slantingly into the Kerr gate 46. If the Stokes
light enters into the Kerr gate 46 slantingly, the polarization
direction of the light which transmits the Kerr gate 46 is
rotated by the predetermined direction (that is, a polarization
direction changes). Accordingly, the coherent anti-Stokes
light which entered into the Kerr gate 46 transmits the Kerr
gate 46, while the polarization direction is rotated to a
predetermined direction.

[0164] The coherent anti-Stokes light which transmitted
the Kerr gate 46 and has a polarization direction changed,
enters into the mirror 26 of the spectroscope 24. The light
which entered into the mirror 26 is reflected by the mirror 26
and enters into the spectrum element 27.

[0165] The light which entered into the mirror 26 is
reflected by the mirror 26 and enters into the spectrum
element 27. The light which entered into the spectrum
element 27 is dispersed by a predetermined wavelength
resolving power, and enters into the distributed projection
lens 28, and then its spectrum is projected through the
distributed projection lens 28. Among the light of which
spectrum projection is carried out, the light having a wave-
length other than that of the coherent anti-Stokes Raman
scattering light is intercepted by the shading component 29,
and the coherent anti-Stokes Raman scattering light passes
the shading component 29, and then it is detected by the
detection means 8.

[0166] On the other hand, a timing at which the two-
photon excitation fluorescence enters into the Kerr gate 46
at different timing from the coherent anti-Stokes Raman
scattering light is shifted from the timing at which the Stokes
light enters slantingly into the Kerr gate 46.

[0167] Therefore, the two-photon excitation fluorescence
which entered into the Kerr gate 46, transmits the Kerr gate
46 without rotating the polarization direction.

[0168] The two-photon excitation fluorescence which
does not change the polarization direction even when it
transmits the Kerr gate 46 is intercepted by the light analyzer
47. For this reason, the two-photon excitation fluorescence
does not reach the detector 9'.
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[0169] By this, the coherent anti-Stokes Raman scattering
light and the two-photon excitation fluorescence can be
separated, extracted and detected.

[0170] When the half mirror 23 is removed from the
optical path, only the F-CARS light is detected by the
detection means 8', and when the mirror (illustration is
omitted) is used by switching, only the E-CARS light is
detected by the detection means §'.

[0171] Therefore, according to the microscope of the third
embodiment, by using single microscope to one specimen,
responding to a purpose of observation, the two-photon
excitation fluorescence observation, the second harmonic
wave observation, and the coherent anti-Stokes Raman
scattering light observation can be carried out in parallel, or
selectively.

[0172] In the microscope of the embodiment 3, it is
constituted such that the two-photon excitation fluorescence
may be detected by the vertically illuminated light and the
second harmonic wave may be detected by the penetration
light. However, it is not limited to such constitution, and it
is possible to constitute so that two-photon excitation fluo-
rescence may be detected by the penetration light and the
second harmonic wave may be detected by the vertically
illuminated light.

[0173] Also in case where multiphoton excitation fluores-
cence such as three or more photons are generated, by
carrying out the time dissolved processing as shown in the
embodiment, the multiphoton excitation fluorescence and
the second harmonic wave can be separated and detected.

Fourth Embodiment

[0174] FIG. 9 is a diagram showing an outlined compo-
sition of the microscope system of the fourth embodiment
according to the present invention. FIG. 10 is a diagram-
matic chart showing optical characteristics of a dichroic
mirror and a band pass filter used for the microscope in the
fourth embodiment.

[0175] Also the microscope of the fourth embodiment,
like the microscope of the third embodiment, is constituted
as a microscope which detects the second harmonic wave,
the two-photon excitation fluorescence, and the coherent
anti-Stokes Raman scattering light.

[0176] The microscope of the fourth embodiment com-
prises a modulator 50, as a means for separating the coherent
anti-Stokes Raman scattering light and the two-photon exci-
tation fluorescence, and as a modulation means which gen-
erates the coherent anti-Stokes Raman scattering light in
modulated state, and a lock-in detector 53 as a detection
means, which serves both as the coherent anti-Stokes Raman
scattering photon detection means and the two-photon exci-
tation fluorescence detection means, and receives both of the
modulated coherent anti-Stokes Raman scattering lights and
the two-photon excitation fluorescence, and separates and
detects a modulated component and a non-modulated com-
ponent from received light.

[0177] Here, for convenience, different points from the
constitution of the microscope of the third embodiment will
be explained. The same mark is attached to an optical
element having the same constitution in the third embodi-
ment, and explanation of the same constitution will be
omitted.
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[0178] A modulator 50 is constituted by using AOM
(acoustic-optical modulation element) or EOM (electro-
optical modulation element) which is arranged on an optical
path between the mirror 11 and the half mirror 12.

[0179] A lock-in detector 53 which is connected to the
detector 8', has a function such that among signals received
by the detector 8', AC component modulated, and DC
component to which modulation has not been applied is
separated and detected.

[0180] In the microscope of the fourth embodiment, the
dichroic mirror 43, the mirrors 44 and 45, the polarizer 49,
the Kerr gate 46, the light detector 47, and the detector 9' in
the microscope which are arranged at the third embodiment
3 are not provided, and in stead of the polarization beam
splitter 42 and the dichroic mirror 48 in the microscope of
the third embodiment, dichroic mirrors 51 and 52 are
arranged. The dichroic mirror 51 has optical characteristics
that transmits only the light having a wavelength (for
example, about 500 nm) of single photon excitation light,
and reflects the lights having other wavelength bands includ-
ing the coherent anti-Stokes light and the two-photon exci-
tation fluorescence. The dichroic mirror 52 has optical
characteristics that transmits the light having a wavelength
of the wavelength band (for example, about 350-450 nm) of
the second harmonic wave of the second pulsed laser light
and reflects the light having a wavelength longer than that of
the second harmonic wave.

[0181] In the microscope of the fourth embodiment, it is
constituted such that the spectroscope 24 intercepts, by the
shading component 29, the light having a wavelength other
than the coherent anti-Stokes Raman scattering light and the
two-photon excitation fluorescence among the light which
projects spectrum through the distributed projection lens 28,
and the coherent anti-Stokes Raman scattering light and the
two-photon excitation fluorescence may pass the shading
component 29. Further, it is constituted such that the coher-
ent anti-Stokes Raman scattering light and the two-photon
excitation fluorescence are received together by the detector
8.

[0182] In the microscope of the fourth embodiment, as
similar to the P-CSRS light extraction means in the first
embodiment, as the P-CARS (POLARIZATION COHER-
ENT ANTI-STOKES RAMAN) light extraction means
which extracts polarized type coherent anti-Stokes Raman
scattering light, a polarizer 54 for converting into a prede-
termined linear polarized light is arranged between the first
pulsed laser generating means 1' and the mirror 11, and a
polarizer 55 converted into the linear polarized light which
has different angle from that of the linear polarized light
converted with the polarizer 54 is arranged between the
second pulsed laser generating means 2' and the half mirror
12, and between the half mirror 23 and the spectroscope 24,
a light detector 56 in which the linear polarized light of the
coherent anti-Stokes Raman scattering light transmits, and
the non-resonance scattering light is intercepted is arranged,
where they can be attached or detached via the slider, etc.,
respectively.

[0183] Further, in the microscope of the fourth embodi-
ment, it is constituted that at the incidence side of the optical
path of the dichroic mirror 51 the laser light source for the
single photon excitation 57 is arranged, and normal single
photon excitation fluorescence can be also detected through
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the lock-in detector 53. Naturally, it can be constituted such
that the laser light source for the single photon excitation 57
is not arranged.

[0184] Then, performance or action of the microscope of
the fourth embodiment constituted in this way will be
-explained. Here, for convenience, a case where the polar-
izer 54, the polarizer 55, the light analyzer 56, and the half
mirror 23 are inserted in a predetermined position of an
optical path will be explained.

[0185] According to the microscope of the fourth embodi-
ment, the pump light emanated from the pulsed laser gen-
erating means 1' is polarized to a linear polarized light
component of a predetermined direction through the polar-
izer 54, and then it is reflected by the mirror 11 and enters
into the modulator 50, and then it is modulated through the
modulator 50 and enters into the half mirror 12. The Stokes
light emitted from the second pulsed laser generating means
2' is polarized to the linear polarized light having different
angle from the pump light through the second polarizer 55,
and enters into the half mirror 12. The modulated pump light
reflected by the half mirror 12, and the Stokes light which
transmitted the half mirror 12 are composed as light which
passes on the same optical path. The composed light is
reflected by the dichroic mirror 41, and is scanned at
light-condensing position of illuminating radiation in the
specimen 4 to the direction of two dimensions via the
galvanometer mirrors 15 and 16, and then it is condensed by
the objective-lens 17, and irradiates a predetermined portion
on the specimen 4.

[0186] The specimen 4 emits the coherent anti-Stokes
Raman scattering light as the pump light and the Stokes light
are irradiated. By irradiating the Stokes light being, the
specimen 4 emits the second harmonic wave having a
wavelength of a half of the Stokes light. Furthermore, by
radiating the Stokes light to the specimen 4, the two-photon
excitation phenomenon is generated, and fluorescence is
emitted at delayed timing for the coherent anti-Stokes
Raman scattering light or the second harmonic wave. At this
time, since the pump light is modulated, the generated
coherent Stokes Raman scattering light is modulated. On the
other hand, since the Stokes light has not been modulated,
modulation does not start in the second harmonic wave and
the two-photon excitation fluorescence of the Stokes light
generated.

[0187] Among the light emitted from the specimen 4 by
irradiating light through the irradiation means, and the light
which transmits the specimen 4 and is reflected by it, the
light from the specimen 4 which goes toward the direction
in which it is reflected, passes the objective lens 17 and the
galvanometers mirrors 16 and 15, and then it enters into the
dichroic mirror 41. Among the light which entered into the
dichroic mirror 41, the pump light and the Stokes light are
reflected by the dichroic mirror 41, and the light having
shorter wavelength than that of the pump light ( the coherent
anti-Stokes Raman scattering light, the two-photon excita-
tion fluorescence, and the second harmonic wave) transmit
the dichroic mirror 41.

[0188] The light which transmitted the dichroic mirror 41
enters into the dichroic mirror 51. Among the light which
entered into the dichroic mirror 51, the coherent anti-Stokes
Raman scattering light, the two-photon excitation fluores-
cence, and the second harmonic wave are reflected by the
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dichroic mirror 51, and then they are reflected by the mirror
22 and enter into the half mirror 23.

[0189] Among the light which transmits the specimen 4 or
reflects by it, and the light which are emitted from a
specimen 4 by irradiating light through the irradiation means
3, the light from the specimen 4 which goes toward the
direction to which it transmits, enters into the dichroic
mirror 52 through the objective lens 35. Among the light
which entered into the dichroic mirror 52, the light having
a wavelength of the wavelength zone (for example, about
350-450 nm) of the second harmonic wave of the second
pulsed laser light transmits the dichroic mirror 52, and the
light (the two-photon excitation fluorescence, the coherent
anti-Stokes Raman scattering light, the pump light, and the
Stokes light) having a wavelength longer than that of the
second harmonic wave is reflected by the dichroic mirror 52.

[0190] The light which transmitted the dichroic mirror 52
enters into band path filter 7'. Among the light which entered
into the band pass filter 6, only the second harmonic wave
transmits the band pass filter 7, and the light other than the
second harmonic wave having a wavelength of others which
transmitted very slightly the dichroic mirror 52 is inter-
cepted. The second harmonic wave which transmitted the
band pass filter 7 is detected by the forward second harmonic
wave detection means 10'.

[0191] The light reflected by the dichroic mirror 52 enters
into the half mirror 23. The light reflected by the half mirror
22 and the light which transmitted the half mirror 23, enter
into the light analyzer 56. Among the light which entered
into the light analyzer 56, the non-resonance scattering light
is intercepted by the light analyzer 56, and other light (the
two-photon excitation fluorescence, the coherent anti-Stokes
Raman scattering light, the pump light, and the Stokes light)
passes the light detector 56, and then it enters into the mirror
26 of the spectroscope 24.

[0192] The light which entered into the mirror 26 is
reflected by the mirror 26 and enters into the spectrum
element 27. The light which entered into the spectrum
element 27 is dispersed by a predetermined wavelength
resolving power, and enters into the distributed projection
lens 28, and then its spectrum is projected through the
distributed projection lens 28. Among the light of which
spectrum is projected, The coherent anti-Stokes Raman
scattering light and the light having a wavelength other than
that of the two-photon excitation fluorescence are inter-
cepted by the shading component 29, and the coherent
Stokes Raman scattering light and the two-photon excitation
fluorescence pass the shading component 29, and then they
are received together by the detection means 8'. At this time,
among the light received by the detection means 8', the
coherent anti-Stokes Raman scattering light is modulated,
but the two-photon excitation fluorescence has not been
modulated.

[0193] The signal received by the detection means 8', is
converted photo-electrically, and then it is sent to the lock-in
detector 53. The signal sent to the lock-in detector 53, is
separated to the signal of an AC component which has been
modulated and the signal of DC component which has not
been modulated, and then they are detected. Thereby, the
modulated coherent anti-Stokes Raman scattering light and
the two-photon excitation fluorescence to which modulation
is not applied, are separated, extracted, and detected, respec-
tively.
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[0194] When the half mirror 23 is removed from the
optical path, only the F-CARS light is detected by the
detection means 8'. When the mirror( symbol is omitted) is
used by switching, only the E-CARS light is detected by the
detection means §'.

[0195] Thus, according to the microscope of the fourth
embodiment, responding to an observation purpose to one
specimen, by using single microscope, the two-photon exci-
tation fluorescence observation, the second harmonic wave
observation, and the coherent anti-Stokes Raman scattering
light observation can be carried out in parallel, or selectively.

[0196] The microscope of the fourth embodiment,
although it constituted so that a second harmonic wave may
be detected by penetration light, it is not limited to such
composition, and of course, it is also possible to constitute
so that the second harmonic wave may be detected by
vertically illuminated light.

[0197] Further, in the microscope of the fourth embodi-
ment, when single photon excitation fluorescence is
detected, it is constituted that the laser pulse having a
predetermined wavelength (about 500 nm) is emitted from
the laser light source 57 for single photon excitation. The
excitation light emitted from the laser light source 57 for
single photon excitation passes the dichroic mirror 51, the
dichroic mirror 41, the galvanometer mirrors 15 and 16, and
the objective lens 17, and then it irradiates the specimen 4.
The single photon excitation fluorescence emitted from the
specimen 4 follows the same optical path as the optical path
of'the two-photon excitation fluorescence, and is received by
the detection means 8', and then it is detected by the lock-in
detector 53.

[0198] Thus, according to the microscope of the fourth
embodiment, besides the effects mentioned above, the scope
of uses of observation becomes broader, since the single
photon excitation fluorescence can be detected too.

[0199] In the microscope of the fourth embodiment, the
detection means 8' may be constituted of PMT (Photo
Multiplier Tube) having one channel, but it may be also
constituted by using a multi-channel detector which consists
of PMT array or CCD array. If the multi-channel detector is
used, spectral dissolution can be carried out about each of
the two-photon excitation fluorescence and the coherent
anti-Stokes Raman scattering light. Accordingly, component
of an irradiated object detected can be analyzed from the
dissolved spectrum.

Fifth Embodiment

[0200] FIG. 11 is a diagram showing an optical compo-
sition of the microscope system of the fifth embodiment
according to the present invention. FIG. 12 is a diagram
showing an optical characteristics in diagrammatic chart of
a dichroic mirror and a band path filter.

[0201] Fundamental arrangement constitution of the opti-
cal component of the microscope of the fifth embodiment is
the same as that of the microscope of the embodiment 3, but
the wavelength of the pulse light emitted from the pulsed
laser generating means, and the optical characteristics of the
dichroic mirror, the band path filter, etc. differ.

[0202] In the microscope of the fifth embodiment, the first
pulsed laser generating means 1" is constituted of a pulsed

Oct. 26, 2006

laser light source which generates pulse light, as the first
pulse light, which has a wavelength of a predetermined
wavelength zone (for example, about 700-800 nm) shorter
than the wavelength of the second pulse light, and a pulse
width of picosecond. The first pulsed laser generating means
1" is constituted such that scanning can be carried out by the
wavelength of the first pulse light within the predetermined
wavelength zone (about 700-800 nm) mentioned above.

[0203] The second pulsed laser generating means 2" is
constituted of a pulsed laser light source which generates
pulse light, as the second pulse light, which has a wave-
length of a predetermined wavelength (about 900 nm) longer
than the wavelength of the first pulse light, and a pulse width
of femtosecond.

[0204] The dichroic mirrors 41' and 43' have optical
characteristics that light having a wavelength shorter than
the wavelength zone (about 700-800 nm) of the pump light
transmits the dichroic mirrors 41' and 43', and light having
a wavelength longer than the wavelength zone of the pump
light is reflected.

[0205] The dichroic mirror 48' has optical characteristics
that light having the wavelength longer than the wavelength
zone of the coherent anti-Stokes Raman scattering light
which is different from the wavelength zone generated in the
fifth embodiment is reflected, and light having a wavelength
shorter than the wavelength zone of the coherent anti-Stokes
Raman scattering light transmits the dichroic mirror 48'.

[0206] The second harmonic wave extraction means 7" is
constituted of a band path filter in which only the light
having a wavelength of the wavelength zone (about 450 nm)
of'the second harmonic wave of the second pulsed laser light
transmits it, and light having the other wavelength is inter-
cepted.

[0207] In the microscope of the present invention, the
Stokes light is the excitation light in the two-photon exci-
tation fluorescence observation and in the second harmonic
wave observation. When scanning is carried out by the
wavelength of the Stokes light, since absorption spectrum
changes, luminous efficiency of fluorescence changes.
Therefore, the two-photon excitation fluorescence and the
second harmonic wave cannot be observed while keeping
the optimal luminous efficiency.

[0208] However, according to the microscope of the fifth
embodiment, since it is constituted such that scanning is
carried out by the wavelength of the pump light and the
wavelength of the Stokes light is fixed, the luminous effi-
ciency of the two-photon excitation fluorescence does not
change during scanning by the wavelength of the pump
light. Therefore, if a wavelength by which the luminous
efficiency of the two-photon excitation fluorescence or the
second harmonic wave becomes the optimal is used as
Stokes light, the coherent anti-Stokes Raman scattering light
can be detected, while detecting the two-photon excitation
fluorescence or the second harmonic wave at the optimal
emission state.

Sixth Embodiment

[0209] FIG. 13 is a diagram showing an outlined compo-
sition of the microscope system of the sixth embodiment
according to the present invention. FIG. 14 is a diagram-
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matic chart showing optical characteristics of a dichroic
mirror and a band path filter used for the microscope of the
sixth embodiment,

[0210] The microscope of the sixth embodiment is con-
stituted such that a laser combiner 61 as a laser light
selection means, and a controller 62 as a control means are
arranged in the irradiation means of the microscope of the
fourth embodiment shown in FIGS. 9 and 10, and the
observation technique can be changed by selecting the laser
light responding to the area of interest of observation object,

[0211] A laser combiner 61 comprises a first pulsed laser
generating means (pump light generating means) 1', an
acoustic optical element 63 which has a function as a
switching means which switches ON/OFF of the first pulsed
laser generating means 1', and also a function as a modula-
tion means (modulator 50 in the microscope of the fourth
embodiment shown in FIG. 9) which modulates the first
pulsed laser, a second pulsed laser generating means (Stokes
light generating means) 2', an acoustic optical element 64
which is a switching means for switching ON/OFF of the
second pulsed laser generating means 2', a pulsed laser
generating means 65 for single photon excitation, a acoustic
optical element 66 which is a switching means which
switches ON/OFF of the pulsed laser generating means 65
for the single photon excitation, a mirror 67 as a composite
means for composing the optical paths of such pulsed laser,
and half mirrors 68 and 69.

[0212] A controller 62 is connected to acoustic optical
elements 63, 64, and 66 of the laser combiner 61, and has a
function which controls ON/OFF by the acoustic optical
elements 63, 64, and 66. Furthermore, the controller 62 is
connected to a lock-in detector 53 and has a function to
control to switch ON of wavelength separation by the
lock-in detector 53 synchronously when switching ON of
both the acoustic optical elements 63 and 63, and, also it has
a function to control to switch OFF of the lock-in detector
53 in other cases.

[0213] In the microscope of the sixth embodiment, it is
constituted that the laser combiner 61 is equipped with the
pulsed laser generating means 65 for the single photon
excitation. However, it can be constituted without having the
pulsed laser generating means 65.

[0214] In FIG. 13, for convenience of explanation, the
mirror 22a, the half mirror 23, the polarizers 54 and 55, and
the light detector 56 in the microscope of the fourth embodi-
ment shown in FIG. 9 have been omitted, and the coherent
Raman scattering light shows a state where only the
F-CARS light is detectable. As a matter of course, it is
possible to constitute so that the E-CARS light and P-CARS
light can be detected also in the microscope of the sixth
embodiment.

[0215] The microscope of the sixth embodiment com-
prises, dichroic mirrors 41" and 52', and the band path filter
7" having optical characteristics different from those men-
tioned above are arranged in stead of the dichroic mirrors 41
and 52, and the band path filter 7' in the microscope of the
fourth embodiment shown in FIGS. 9 and 10. And on the
optical path at penetration side of the dichroic mirror 41", a
band path filter 70 for extracting only the two-photon
excitation fluorescence of the wavelength zone in which the
wavelength does not overlap with that of the coherent
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anti-Stokes Raman scattering light, and a two-photon exci-
tation fluorescence portion detection means 9" is arranged in
stead of the dichroic mirror 51 and the laser generating
means 57 for single photons in the microscope of the fourth
embodiment shown in FIGS. 9 and 10.

[0216] The dichroic mirror 41" has optical characteristics
that the second harmonic wave, the two-photon excitation
fluorescence, and the coherent anti-Stokes Raman scattering
light transmit it, and the light having the wavelength longer
than the wavelength of the single photon excitation light and
the wavelength of the pump light are reflected.

[0217] The dichroic mirror 52' has optical characteristics
that the light having a wavelength shorter than the coherent
anti-Stokes Raman scattering light transmits it, and the light
having the wavelength longer than the coherent anti-Stokes
Raman scattering light is reflected.

[0218] The band path filter 7" has optical characteristics
that only the light having the wavelength zone of the second
harmonic wave transmits it, and the light having the other
wavelength is intercepted.

[0219] The band path filter 70 has optical characteristics
that only the two-photon excitation fluorescence of the
wavelength zone which does not overlap with the coherent
anti-Stokes Raman scattering light transmits it, and the light
having the other wavelength is intercepted.

[0220] Other constitution is almost the same as the micro-
scope of the fourth embodiment.

[0221] According to the microscope of the sixth embodi-
ment constituted in this way, observation techniques can be
changed according to the area of interest of an object of
observation.

[0222] For example, when observations by the second
harmonic wave, the two-photon excitation fluorescence, and
the coherent Raman scattering light are carried out in
parallel, the first pulsed laser generating means (the pump
light generating means) 1' and the second pulsed laser
generating means (the Stokes light generating means) 2' are
turned ON, and at the same time, the pulsed laser generating
means 65 for the single photon excitation is turned OFF and
the lock-in detector 53 is turned ON, via controller 62 and
the acoustic optical elements 63, 64, and 65.

[0223] Then, the pump light is modulated and emitted
from the first pulsed laser generating means 1', and it is
reflected by a mirror 67, and then it enters into the half
mirror 68. At the same time, the Stokes light is emitted from
the second pulsed laser generating means, and enters into the
half mirror 68. The pump light which transmitted the half
mirror 68, and the Stokes light which transmitted the half
mirror 68 are composed as light which passes along the same
optical path. Then, through the mirror 69, the dichroic mirror
41", the galvanometer mirrors 15 and 16, and the objective
lens 17, the composed light irradiates a predetermined
portion on the specimen 4.

[0224] The specimen 4 emits the coherent anti-Raman
scattering light by irradiating the pump light and the Stokes
light to the specimen 4. Further, the specimen 4 emits the
second harmonic wave having a wavelength of a half of the
Stokes light by being irradiated by the Stokes light. Fur-
thermore, by being irradiated by the Stokes light, the speci-
men 4 generates the two-photon excitation phenomenon,
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and emits fluorescence at the timing which was delayed to
the coherent anti-Stokes Raman scattering light or the sec-
ond harmonic wave. At this time, since the pump light is
modulated, the generated coherent Stokes Raman scattering
light is also modulated. On the other hand, since the Stokes
light has not been modulated, the second harmonic wave and
the two-photon excitation fluorescence of the Stokes light
which are generated are also not modulated.

[0225] Among the light which is emitted from the speci-
men 4 by being irradiated by the illuminating light, and the
light which transmits the specimen 4 or is reflected on it, the
light from the specimen 4 which goes toward the direction
in which it is reflected enters into the dichroic mirror 41." via
the objective lens 17 and the galvanometers mirrors 16 and
15.

[0226] Among the light which entered into the dichroic
mirror 41", the second harmonic wave, the two-photon
excitation fluorescence, and the coherent anti-Stokes Raman
scattering light transmit the dichroic mirror 41", and the light
having a wavelength longer than the wavelength of the
pump light is reflected by the dichroic mirror 41". The light
which transmitted the dichroic mirror 41" enters into the
band path filter 70. Among the light which entered into the
band path filter 70, only the two-photon excitation fluores-
cence having a wavelength zone which does not overlap
with that of the coherent anti-Stokes Raman scattering light
transmits the band path filter 70, and the light having other
wavelengths is intercepted by the band path filter 70. The
light which transmitted the band path filter 70 is detected by
the detection means 9." Thereby, The two-photon excitation
fluorescence having the wavelength zone which does not
overlap with the coherent anti-Stokes Raman scattering light
can be detected.

[0227] Among the light which is emitted from the speci-
men 4 irradiated by the illuminating light and the light which
transmits the specimen 4 or is reflected on it, the light from
the specimen 4 which goes toward the direction to which it
transmits passes through the objective lens 35 and enters
into the dichroic mirror 52'. Among the light which entered
into dichroic mirror 52', the light having a wavelength
shorter than the coherent anti-Stokes Raman scattering light
transmits the dichroic mirror 52', and the light having a
wavelength longer than the coherent anti-Stokes Raman
scattering light is reflected by the dichroic mirror 52'.

[0228] The light which transmitted the dichroic mirror 52
enters into the band path filter 7"'. Among the light which
entered into the band path filter 7", only the light having a
wavelength zone of the second harmonic wave transmits the
band path filter 7', and the light having the other wavelength
is intercepted by the band path filter 7"'. The second har-
monic wave which transmitted the band path filter 7' is
detected by the detector 10'".

[0229] The light reflected by the dichroic mirror 52' enters
into the mirror 26 of the detector 24. And the two-photon
excitation fluorescence having a wavelength which overlaps
that of the coherent Stokes Raman scattering light, and the
coherent anti-Stokes Raman scattering light are received
together by the detection means 8' via the distributed ele-
ment 27, the distributed projection lens 28, and the shading
component 29.

[0230] The light received by the detection means 8' is
converted photo-electrically, and then it is sent to the lock-in
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detector 53. The signal sent to the lock-in detector 53 is
separated to a signal having AC component modulated and
a signal having DC component which has not been modu-
lated, and then, they are detected. Thereby, the modulated
coherent anti-Stokes Raman scattering light and the two-
photon excitation fluorescence to which has not been modu-
lated in the wavelength zone overlapping with that of the
coherent anti-Stokes Raman scattering light, are separated
respectively, and then they are extracted and detected.

[0231] Thus, according to the microscope of the seventh
embodiment, the observation techniques by the second
harmonic wave, the two-photon excitation fluorescence, and
the coherent Raman scattering light can be used in parallel.
However, in a microscope observation, there is a case that all
the observation techniques mentioned above may not be
needed according to the area of interest of the observation
object. Irradiation of the laser light by the laser pulse
irradiation means may give damage to the specimen. Fur-
thermore, it also becomes a cause of fading of fluorescence.
Therefore, it is desired that irradiation by the laser pulse
irradiation means is small as much as possible responding to
an observation technique.

[0232] However, according to the microscope of the sixth
embodiment, irradiation of the laser light can be suppressed
to necessary minimum responding to the observation tech-
nique according to the area of interest of the observation
object since it is constituted so as to enable to select the laser
light required for observation by arranging the laser com-
biner 61 and the controller 62.

[0233] Switching of the laser light according to the obser-
vation technique, is carried out by switching of combina-
tions of the laser pulse irradiation means 1', 2' and 65 for the
laser pulse to be irradiated, via the controller 62 by driving
the acoustic optical elements 63, 64, and 66. FEach of
observation techniques in the microscope of the sixth
embodiment, and the combinations of the laser pulse gen-
erating means and the detection means to be selected cor-
responding to observation techniques is shown in Table 1. In
Table 1, CARS denotes the coherent anti-Stokes Raman
scattering light observation, 2-P denotes the two-photon
excitation fluorescence observation, SHG denotes the sec-
ond harmonic wave observation, and 1-P denotes the single
photon excitation fluorescence observation.

TABLE 1

Single

photon
Observation Stokes excitation
technique Pump light  light light Detection means
CARS ON ON OFF Detection means &'
2-P OFF ON OFF Detection means 9"

Detection means &'

SHG OFF ON OFF Detection means 7"
1-P OFF OFF ON Detection means 9"

Detection means &'

[0234] AsshowninTable 1, if only the second pulsed laser
(the Stokes light) generating means 2' is turned ON, even if
the first pulsed laser (the pump light) generating means 1' is
turned to OFF, the forward two-photon excitation fluores-
cence can be detected by the detection means 9", the
vertically illuminated two-photon excitation fluorescence
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can be detected by the detection means 8', and the forward
second harmonic can be detected by the detection means 7',
respectively. When either the pump light or the Stokes light
is set to OFF, the lock-in detector 53 also becomes to OFF,
and the two-photon excitation fluorescence having a wave-
length zone in which the coherent anti-Stokes Raman scat-
tering light and a wavelength do not overlap, or the single
photon excitation fluorescence can be detected by the detec-
tion means 8' as shown the Table 1.

[0235] Thus, according to the microscope of the sixth
embodiment, responding to the area of interest of observa-
tion object, observation techniques can be switched with
necessary minimum amount of the laser irradiation light.

[0236] According to the microscope of the sixth embodi-
ment, the laser combiner 61 and the controller 62 are used
for the microscope of the constitution in which the CARS
light can be detected. But, they can be used for the micro-
scope having a constitution by which the CSRS light can be
detected as shown in the embodiments 1 or 2.

Seventh Embodiment

[0237] FIG. 15 is a diagram showing an optical compo-
sition of the microscope system of the seventh embodiment
according to the present invention. FIG. 16 is a diagram
showing an example of a display form of each observation
light in a picture displayed by the image display apparatus
of the microscope of the seventh embodiment. FIG. 16A is
a diagram showing an example when the image by each
observation technique is switched to display on the full
screen. FIG. 16B is a diagram showing an example when in
every area of interest of observation object in the display
screen, the coherent Raman scattering light, the second
harmonic wave, and the image of two-photon excitation
fluorescence are scanned. FIG. 16C, is a diagram showing
an example when in the same area of interest of observation
object in the display screen, scanning is carried out by
combining different observation techniques.

[0238] A microscope of the seventh embodiment, com-
prises, in addition to the constitution of the microscope of
the sixth embodiment, the coherent anti-Stokes Raman
scattering photon detection means, the two-photon excita-
tion fluorescence detection means, an image processing
apparatus 80 which processes the signal detected by the
second harmonic wave detection means, an image display
apparatus 81 which displays the picture processed by the
image processing apparatus 80.

[0239] The controller 62 is connected to the galvanometer
mirrors 15 and 16 which are equipped on the main body of
the microscope. And the controller 62 has a function which
controls the laser combiner 61 and the galvanometer mirrors
15 and 16, so that via the image processing apparatus 80 and
the image display apparatus 81, at a desired part in a screen,
an observation image by the coherent anti-Stokes Raman
scattering light, an observation image by the two-photon
excitation fluorescence, and an observation image by the
second harmonic wave are displayed,

[0240] According to the microscope of the seventh
embodiment constituted in this way, responding to an area of
interest of observation object, an observation using various
observation techniques can be carried out by single display
screen. For example, in each of observation techniques, via
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the galvanometer mirrors 15 and 16, sequential scanning of
the whole area of observation object can be carried out. By
this way, as shown in FIG. 16A, in each of display screens
of the image display apparatus 81, each of images of the
two-photon excitation fluorescence, the second harmonic
wave, the CARS light or the CSRS light, and the single
photon excitation fluorescence can be switched and dis-
played, respectively.

[0241] For example, in each of the areas of interest of
observation object observation techniques can be switched,
and vector scanning can be carried out via the galvanometer
mirrors 15 and 16. By this way, as shown in FIG. 16B, in
the display screen of the image display apparatus 81, in each
of areas of interest of observation object, an image of the
two-photon excitation fluorescence, the second harmonic
wave, the CARS light or the CSRS light, and the single
photon excitation fluorescence can be displayed.

[0242] Further, for example, in each of the areas of interest
of observation object, two or more observation techniques
can be combined by switching, and vector scanning can be
carried out via the galvanometer mirrors 15 and 16. By this
way, as shown in FIG. 16C, in each of the areas of interest
of observation object, on the display screen of the image
display apparatus 81, in each of the areas of interest of
observation object, a combination of the image of a desired
observation light among the two-photon excitation fluores-
cence, the second harmonic wave, the CARS light or the
CSRS light, and the single photon excitation fluorescence,
for example, combination of the F-CARS light and the
second harmonic wave, or combination of the E-CARS light
and the two-photon excitation fluorescence can be dis-
played.

[0243] Therefore, according to the microscope of the
seventh embodiment, for example, with respect to single
organism specimen, observations on the same screen can be
carried out of a surface layer by using the single photon
excitation fluorescence, a depth layer by using the two-
photon excitation fluorescence, a collagen and a fiber film by
using the second harmonic wave, and protein and a molecule
by using the CARS and the CSRS, or observations can be
carried out with respect of each of the images by switching
each screen.

[0244] As for the scanning method of the illuminating
radiation for obtaining the image of each observation light
by the galvanometer mirrors 15 and 16, any of the sequential
scanning of the whole area of observation object mentioned
above and the vector scanning for every area of interest of
observation object may be used.

[0245] When the sequential scanning of the whole area of
observation object is carried out, cross talk of observation
pictures can be reduced.

[0246] When the vector scanning is carried out for every
area of interest of observation object, processing speed
becomes high.

[0247] As the vector scanning, any of point scan, free line
scan, tornado scan, etc. can be used.

[0248] Furthermore, responding to observation tech-
niques, it is good to control to enable to change the scanning
rate of the galvanometer mirrors 15 and 16 by the controller
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62, for example, in each of screens of the sequential scan-
ning, or in each of ROI of the vector scanning.

[0249] An amount of the light detected by an observation
technique differs. Therefore, when a scanning rate is made
the same regardless of an observation technique, there is a
case that an amount of the light detected by the observation
technique becomes short, or a case that it may become
excessive. If a scanning rate ca be changed, the amount of
the light detected is adjusted accordingly, it becomes easy to
observe the detection light image by each observation tech-
nique.

[0250] For the same purpose, responding to observation
techniques, it is constituted such that the number of times of
scanning by the galvanometer mirrors 15 and 16 can be
changed, or irradiation output of the laser light according to
an observation technique can be changed. It is desired that
the output of the laser can be adjusted by the pulsed laser
generating means itself, or can be adjusted by using a
acoustic optical element, etc.

[0251] Furthermore, responding to observation tech-
niques, it can be constituted such that a part of pulses of the
laser light is removed using a pulse picker etc.

[0252] The microscope of the seventh embodiment is
constituted by adding the image processing apparatus 80 and
the image display apparatus 81 and the like, on the basis of
the microscope of the sixth embodiment. However, the
microscope of the present invention is not limited to such
constitution, and may be constituted based on the micro-
scope of any embodiments mentioned above.

[0253] As it has been clear by explanations mentioned
above, according to the present invention, to observe to
single specimen, responding to the purpose, it is possible to
obtain the microscope by which any of the multi-photon
excitation fluorescence observation, the second harmonic
wave observation, and the coherent Raman scattering light
observations can be carried out in parallel, or selectively.

1. A microscope comprising:

a first pulsed laser generating means that generates a first
pulse light having a first wavelength component,

a second pulsed laser generating means that generates a
second pulse light having a second wavelength com-
ponent,

an irradiation means which is constructed and arranged so
that irradiation to a specimen can be carried out by
composing the first pulse light and the second pulse

light,

a coherent Raman scattering light extraction means which
extracts coherent Raman scattering light from light
emanated from the specimen to which light is irradiated
through the irradiation means,

a multiphoton excitation fluorescence extraction means
which extracts multiphoton excitation fluorescence
generated by irradiating 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
second harmonic wave generated by irradiating the
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second pulse light to the specimen, from the light
emanated from the specimen to which light is irradiated
through the irradiation means,

a coherent Raman scattering photon detection means
which detects the coherent Raman scattering light
extracted through the coherent Raman scattering light
extraction means,

a multiphoton excitation fluorescence detection means
which detects the multiphoton excitation fluorescence
extracted through the multiphoton excitation fluores-
cence extraction means, and

a second harmonic wave detection means that detects the
second harmonic wave extracted through the second
harmonic wave extraction means.

2. A microscope comprising:

a first pulsed laser generating means that generates a first
pulse light having a first wavelength,

a second pulsed laser generating means that generates a
second pulse light having a second wavelength,

an irradiation means which is constructed and arranged so
that irradiation to a specimen can be carried out by
composing the first pulse light and the second pulse

light,

a coherent Raman scattering light extraction means which
extracts coherent Raman scattering light from light
emanated from the specimen to which light is irradiated
through the irradiation means,

an epi-illuminated multiphoton excitation fluorescence
extraction means which extracts multiphoton excitation
fluorescence generated by irradiating the second pulse
light to the specimen from the light emanated from the
specimen to which light irradiated through the irradia-
tion means goes toward a direction where the light is
reflected,

a forward second harmonic wave extraction means that
extracts the second harmonic wave generated by irra-
diating 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
extraction means,

an epi-illuminated multiphoton excitation fluorescence
detection means which detects the multiphoton excita-
tion fluorescence extracted through the epi-illuminated
multiphoton excitation fluorescence 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.

3. A microscope comprising,

a first pulsed laser generating means that generates a first
pulse light having a first wavelength,

a second pulsed laser generating means that generates a
second pulse light having a second wavelength.
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an irradiation means which is constructed and arranged so
that irradiation to a specimen can be carried out by
composing the first pulse light and the second pulse

light,

a coherent Raman scattering light extraction means which
extracts 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 the second harmonic wave gener-
ated by irradiating the second pulse light to the speci-
men, from the light emanated from the specimen to
which the light irradiated through the irradiation means
goes toward a direction where the light is reflected,

a forward multiphoton excitation fluorescence extraction
means which extracts the multiphoton excitation fluo-
rescence generated by irradiating the second pulse light
to the specimen from which 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 coherent Raman scattering light
extraction means,

a forward multiphoton excitation fluorescence detection
means which detects the multiphoton excitation fluo-
rescence extracted through the forward multiphoton
excitation fluorescence 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.

4. A microscope comprising:

a first pulsed laser generating means that generates a first
pulse light having a first wavelength,

a second pulsed laser generating means that generates a
second pulse light having a second wavelength,

an irradiation means which is constructed and arranged so
that irradiation to a specimen can be carried out by
composing the first pulse light and the second pulse

light,

a coherent Raman scattering light extraction means which
extracts 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 fluorescence switching extraction means
which extracts, by switching, the second harmonic
wave generated by irradiating the second pulse light to
the specimen or, extracts the multiphoton excitation
fluorescence 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 reflected,

a forward second harmonic wave multiphoton excitation
fluorescence switching extraction means which
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extracts, by switching, the second harmonic wave gen-
erated by irradiating the second pulse light to the
specimen, or, extracts the multiphoton excitation fluo-
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 coherent Raman scattering light
extraction means,

an epi-illuminating switching extraction light detection
means which detects the light extracted through the
epi-illuminated second harmonic wave multiphoton
excitation fluorescence switching extract means, and

a forward switching extraction light detection means
which detects the light extracted through the forward
second harmonic wave multiphoton excitation fluores-
cence switching extraction means.

5. A microscope comprising:

a first pulsed laser generating means that generates a first
pulse light having a first wavelength,

a second pulsed laser generating means that generates a
second pulse light having a second wavelength,

an irradiation means which is constructed and arranged so
that irradiation to a specimen can be carried out by
composing the first pulse light and the second pulse
light,

a coherent Raman scattering light extraction means which
extracts coherent Raman scattering light from light
from the specimen to which light is irradiated through
the irradiation means,

an epi-illuminated multiphoton excitation fluorescence
extraction means which extracts multiphoton excitation
fluorescence generated by irradiating the second pulse
light to the specimen from the light emanated from the
specimen to which light irradiated through the irradia-
tion means goes toward a direction where the light is
reflected,

an epi-illuminated second harmonic wave extraction
means that extracts the second harmonic wave gener-
ated by irradiating the second pulse light to the speci-
men, from the light emanated from the specimen to
which the light irradiated through the irradiation means
goes toward a direction where the light is reflected,

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 fluorescence
detection means which detects the multiphoton excita-
tion fluorescence extracted through the epi-illuminated
multiphoton excitation fluorescence 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,
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a forward multiphoton excitation fluorescence extraction
means which extracts the multiphoton excitation fluo-
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 the second harmonic wave generated by irra-
diating 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 fluorescence detection
means which detects the multiphoton excitation fluo-
rescence extracted through the forward multiphoton
excitation fluorescence 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.

6. The microscope according to any one of claims 1 to 5,

wherein:

the wavelength of the second pulse light is near the
wavelength of the first pulse light,

a predetermined wavelength band having a wavelength
shorter than the wavelength of the first pulse light is
scanned, and

the coherent Raman scattering light is the coherent Stokes
Raman scattering light.
7. The microscope according to claim 1, further compris-
ing
a multiphoton excitation fluorescence CARS light sepa-
ration means, wherein

the wavelength of the second pulse light is near the
wavelength of the first pulse light, and a predeter-
mined wavelength band having a wavelength longer
than the wavelength of the first pulse light is
scanned,

the coherent Raman scattering light is coherent anti-
Stokes Raman scattering light, and

the multiphoton excitation fluorescence is separated
from the coherent anti-Stokes Raman scattering
light, where wavelengths may overlap at least in a
part of the wavelength band.
8. The microscope according to claim 7, wherein the
multiphoton excitation fluorescence CARS light separation
means is comprises:

the coherent anti-Stokes Raman scattering light extraction
means having a time decomposition separation means
which separates the multiphoton excitation fluores-
cence and the coherent anti-Stokes Raman scattering
light by time decomposition.
9. The microscope according to claim 8, wherein the time
decomposition separation means comprises

a Kerr gate which changes a polarization direction of the
linear polarized light of the light transmitted when the
light enters at an angle,
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a gate light incidence means which makes the second
pulse light enter at an angle to the Kerr gate, as the
same timing as the timing in which the coherent
anti-Stokes Raman scattering light enters into the Kerr
gate,

a first polarization component that changes the multipho-
ton excitation fluorescence 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 polar-
ization direction when it transmits the Kerr gate.

10. The microscope according to claim 7, wherein the

multiphoton excitation fluorescence CARS light separation
means comprises:

a 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 fluorescence detection
means, and receives both the modulated coherent anti-
Stokes Raman scattering light and the multiphoton
excitation fluorescence, and detects a modulation com-
ponent and a non-modulation component by separating
them from the received light.

11. The microscope according to claim 10, wherein the

modulation means comprises:

a modulator which modulates the first pulse light, and the
detection device comprises a lock-in detector.
12. the microscope according to claim 1, wherein

a predetermined wavelength band is scanned by the first
pulse light, and

the second pulse light is fixed to an optimal wavelength
for multiphoton excitation.
13. The microscope according to claim 1, further com-
prising:

a laser light selection means having the first pulsed laser
generating means, a switching means which switches
ON/OFF of the second pulsed laser generating means,
and

a control means which controls the laser light selection
means.

14. The microscope according to claim 13, further com-

prising

an image processing apparatus which processes a signal
which is detected through the coherent Raman scatter-
ing photon detection means, the multiphoton excitation
fluorescence detection means, and the second harmonic
wave detection means, and an image display apparatus
which displays a picture processed by the image pro-
cessing apparatus, and

a scanning means which scans light irradiating a specimen
into two dimensional direction, wherein the control
means controls the laser light selection means and the
scanning means so that via the image processing appa-
ratus and the image display apparatus, at the position
corresponding to the area of interest of the specimen in
the display screen of the image display apparatus, an
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observation image by the coherent anti-Stokes Raman
scattering light, an observation image by the two-
photon excitation fluorescence, and an observation
image by the second harmonic wave can be displayed
in parallel or selectively.

15. The microscope according to claim 1 wherein:

the first pulsed laser generating means is a pulsed laser
light source which oscillates the pulsed laser beam
having a pulse width of picosecond, and

the second pulse laser generating means is a pulsed laser
light source which oscillates the pulsed laser beam
having a pulse width of femtosecond.
16. The microscope according to claim 1, wherein the
coherent Raman scattering light extraction means is con-
structed and arranged so that

an extraction of the coherent Raman scattering light from
the light which is emanated from the specimen and
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goes toward a direction in which the light irradiated
through the irradiation means is reflected,

an extraction 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

an extraction of coherent Raman scattering light from
both of the coherent Raman scattering light from the
light 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
reflected, can be switched.



