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includes a light emitting part configured to emit a plurality 
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focusing part configured to focus light by causing two or 
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a plurality of different focal point regions of a sample and to 
be shifted from each other, and a detecting part confgured 
to acquire a signal of fluorescence beats which emits light by 
interference light beats in each of a plurality of overlapping 
regions in the sample and includes information of the 
sample. 
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MEASUREMENT DEVICE AND 
IRRADIATION DEVICE 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATION 

This application claims priority to Japanese Patent Appli-
cation No. 2017-154392, filed Aug. 9, 2017, the whole 
content of which is incorporated herein by reference. 

TECHNICAL FIELD 

2 
dispersed with respect to a measurement sample for each 
spectrum and acquiring mode-resolved spectra correspond-
ing to measurement points of the measurement sample at 
one time is disclosed in, for example, Patent Document 2. 

5 This measurement device obtains information of a sample 
by associating position information of a spectrum incident 
on the sample with a frequency of the spectrum. Thus, an 
image can be formed without scanning the two-dimensional 
information within the sample surface. 

10 

LISTING OF CITATIONS 

The present invention relates to a measurement device Patent Document 1: Japanese Unexamined Patent Appli-
and an irradiation device, cation, First Publication No. 2012-103379 

15 
Patent Document 2: PCT International Publication No. BACKGROUND OF THE INVENTION 

W02017/002535. 

Conventionally, a fluorescence microscope equipped with 
a confocal optical system (hereinafter referred to as a 
confocal fluorescence microscope) is known as an optical 
microscope capable of performing fluorescence imaging (for 
example, see Patent Document 1). 

In a normal optical microscope, a predetermined range of 
a sample is uniformly irradiated with light. On the other 
hand, in a confocal optical system, irradiation light emitted 
from a point light source is focused at one point on the 
sample by an objective lens. As the irradiation light, laser 
light having excellent monochromaticity and straightness is 
used. Also, in the confocal optical system, the pinhole is 
disposed at a position conjugate to the focal position of the 
objective lens and therefore only the fluorescence at a 
position where the sample is focused passes through the 
pinhole and is detected. 

In this manner, in the confocal optical system, the irra-
diation light is first focused at one point on the sample and 
the fluorescence from a focal position of the sample passes 
through the pinhole, whereas the fluorescence from a posi-
tion other than the focal position is cut out by the pinhole. 
Accordingly, in the confocal optical system, as compared 
with a normal optical microscope, the contrast is improved 
without being affected by stray light from a horizontal side 
adjacent to a focal point and from a front side and a rear side 
with respect to a focal plane. As a result, because only 
information of the focal position of the irradiation light is 
detected, three-dimensional spatial resolution is provided. 

For example, confocal fluorescence microscopes capable 
of forming clear three-dimensional images as described 
above are used in many fields including a biotechnology 
field for the analysis of biological functions using fluores-
cent proteins and the like. Also, the importance of confocal 
fluorescence microscopy is expected to increase in the future 
because of high resolution and quantitative properties. 

On the other hand, the confocal fluorescence microscope 
can only obtain point information of the focal position. Thus, 
in the confocal fluorescence microscope, it is necessary to 
relatively scan a focal position of the irradiation light 
emitted from the point light source inside the sample so that 
two-dimensional information within a sample surface is 
imaged. For example, a galvano mirror is known as a 
scanning device capable of scanning the focal position of 
irradiation light relatively with respect to a sample as 
described above. However, even if these scanning devices 
are used, a process of scanning a wide range at a high speed 
takes time. 

As technology for coping with the above-described situ-
ation, a measurement device for causing a discrete spectrum 
emitted by a point light source to be two-dimensionally 

SUMMARY OF THE INVENTION 

20 
Technical Problem 

The measurement device described in Patent Document 2 
can simultaneously measure two-dimensional information 

25 without scanning. Thus, phenomena occurring in cells and 
the like can be simultaneously observed in real time in a 
biotechnology field of vital function analysis or the like. 
Also, even when the measurement region is enlarged, infor-
mation of the sample can be measured in a short time when 

30 the above-described measurement device is used. On the 
other hand, because this measurement device forms an
image using transmitted laser light or reflected laser light, it 
is not possible to acquire a fluorescence image. 

The present invention has been made to solve the above-
35 described problems, and an objective of the present inven-

tion is to provide a measurement device capable of acquiring 
a fluorescence image of a sample at a high speed. Also, 
another objective of the present invention is to provide an
irradiation device for irradiating a sample with light under 

40 predetermined conditions and enabling measurement using 
the measurement device. 

Solution to Problem 

45 According to a first aspect, there is provided a measure-
ment device including a plurality of light sources configured 
to each emit spectral light including two or more spectra 
distributed at mutually different frequencies, wherein adja-
cent frequency intervals that are frequency intervals of 

50 adjacent spectra of the spectral light are mutually different, 
a dispersing part configured to disperse a plurality of spec-
tral lights emitted from the plurality of light sources in 
mutually different directions according to each spectrum, a 
focusing part configured to focus the spectra specific to the 

55 light sources dispersed by the dispersing part at a plurality 
of different focal points on a sample and cause a plurality of 
focal points according to one light source to overlap a 
plurality of focal points according to another light source, a 
spatial filtering part configured to focus fluorescence beats 

60 including information of the sample on which light is 
focused by the focusing part and which emits light by 
interference light beats in each of a plurality of overlapping 
portions where the focal points on the sample overlap at 
positions conjugate to the overlapping portions and perform 

65 spatial filtering on the fluorescence beats, and a detecting 
part configured to acquire a signal of modulated fluores-
cence beats on which the spatial filtering has been performed 
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by the spatial filtering part and which has been emitted from 
the plurality of overlapping portions including the informa-
tion of the sample. 

In the measurement device of the above-described aspect, 
each of the plurality of light sources may be an optical 
frequency comb light source configured to emit optical 
frequency comb spectra in which adjacent frequency inter-
vals which are intervals of frequencies of the spectra adja-
cent on a frequency axis are equal to each other as the 
spectral light. 

In the measurement device of the above-described aspect, 
the dispersing part may have a configuration including a 
dispersing element configured to perform wavelength dis-
persion on incident light and in which wavelength dispersion 
on the spectral light emitted from the light source is per-
formed by the dispersing element in a direction differing 
according to each spectrum. 

In the measurement device of the above-described aspect, 
the plurality of light sources may include at least a first light 
source configured to emit first spectral light in which a 
frequency interval of the adjacent spectrum is a first adjacent 
frequency interval and a second light source configured to 
emit second spectral light in which a frequency interval of 
the adjacent spectrum is a second adjacent frequency inter-
val. In the measurement device of the above-described 
aspect, a frequency interval between closest adjacent spectra 
may be less than half of the first adjacent frequency interval 
and half of the second adjacent frequency interval when the 
first spectral light and the second spectral light are arranged 
on the same frequency axis. 

The measurement device of the above-described aspect 
may further include a control part configured to control a 
carrier envelope offset frequency or an adjacent frequency 
interval of spectral light emitted by at least one light source 
of the plurality of light sources. 

In the measurement device of the above-described aspect, 
the spatial filtering part may include a spatial optical modu-
lator capable of changing a position of light to be transmitted 
in accordance with the offset frequency and the adjacent 
frequency interval of the spectral light controlled by the 
control part. 

According to a second aspect, there is provided an irra-
diation device including a plurality of light sources confg-
ured to each emit spectral light including two or more 
spectra distributed at mutually different frequencies, 
wherein adjacent frequency intervals that are frequency 
intervals of adjacent spectra of the spectral light are mutu-
ally different, a dispersing part configured to disperse a 
plurality of the spectral lights emitted from the plurality of 
light sources in mutually different directions according to 
each spectrum, and a focusing part configured to focus the 
spectra specific to the light sources dispersed by the dis-
persing part at a plurality of different focal points on a 
sample and cause a plurality of focal points according to one 
light source to overlap a plurality of focal points according 
to another light source. 

In the irradiation device of the above-described aspect, the 
plurality of light sources may include at least a first light 
source configured to emit first spectral light in which a 
frequency interval of the adjacent spectrum is a first adjacent 
frequency interval and a second light source configured to 
emit second spectral light in which a frequency interval of 
the adjacent spectrum is a second adjacent frequency inter-
val. In the irradiation device of the above-described aspect, 
a frequency interval between closest adjacent spectra may be 
less than half of the first adjacent frequency interval and half 

4 
of the second adjacent frequency interval when the first 
spectral light and the second spectral light are arranged on 
the same frequency axis. 

In the irradiation device of the above-described aspect, the 
5 plurality of light sources may simultaneously irradiate irra-

diation light to focal points on a sample. In the irradiation 
device of the above-described aspect, the irradiation light 
from the light sources may mutually interfere at the focal 
points on the sample. 

10 According to a third aspect, there is provided an irradia-
tion device including a first light source configured to emit 
first light having frequency components of a plurality of 
frequency values which are discrete, a second light source 

15 
configured to emit second light having frequency compo-
nents of a plurality of frequency values which are discrete 
and different from the first light, and a dispersing and 
focusing part confgured to disperse the first light and the 
second light and focus the first irradiation light and the 

20 second irradiation light so that parts of both a first irradiation 
region of first irradiation light having a frequency compo-
nent of a first frequency value according to the first light and 
a second irradiation region of second irradiation light having 
a frequency component of a second frequency value accord-

25 ing to the second light overlap. The first irradiation light and 
the second irradiation light are simultaneously irradiated so 
that a difference between the first frequency value and the 
second frequency value is less than or equal to a difference 
between the first frequency value of the first light and a 

30 frequency value adjacent thereto. 
According to a fourth aspect, there is provided a mea-

surement device including a light emitting part configured to 
emit a plurality of spectral lights each including two or more 
spectra distributed at mutually different frequencies, 
wherein adjacent frequency intervals that are frequency 
intervals of adjacent spectra in each of the plurality of the 
spectral lights are mutually different, a dispersing part 
configured to disperse the plurality of the spectral lights 

40 emitted from the light emitting part in mutually different 
directions according to each spectrum, a focusing part 
configured to focus the spectra dispersed by the dispersing 
part at a plurality of different focal points on a sample and 
cause a plurality of focal points based on one of the spectral 

45 lights to overlap a plurality of focal points according to 
another of the spectral lights, and a detecting part configured 
to acquire a signal of fluorescence beats including informa-
tion of the sample on which light is focused by the focusing 
part and which emits light by interference light beats in each 

50 of a plurality of overlapping regions where the focusing 
points on the sample overlap. 

In the measurement device of the above-described aspect, 
the light emitting part may have a plurality of light sources 
configured to each emit two of the spectral lights having the 

55 adjacent frequency intervals which are mutually different. 
The measurement device of the above-described aspect 

may further include a spatial filtering part configured to 
focus fluorescence beats including information of the sample 
on which light is focused by the focusing part and which 

60 emits light by interference light beats in each of a plurality 
of overlapping regions where the focal points on the sample 
overlap at positions conjugate to the overlapping regions and 
perform spatial filtering on the fluorescence beats. In the 
measurement device of the above-described aspect, the 

65 detecting part may acquire a signal of the fluorescence beats 
on which the spatial filtering has been performed in the 
spatial filtering part. 
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In the measurement device of the above-described aspect, 
the detecting part may acquire phase information of the 
fluorescence beats. 

According to a fifth aspect, there is provided an irradiation 
device including a light emitting part configured to emit 
spectral light including two or more spectra distributed at 
mutually different frequencies, wherein adjacent frequency 
intervals that are frequency intervals of adjacent spectra of 
the spectral light are different, a dispersing part configured 
to disperse a plurality of the spectral lights emitted from the 
light emitting part in mutually different directions according 
to each spectrum, and a focusing part confgured to focus the 
spectra specific to light sources dispersed by the dispersing 
part at a plurality of different focal points on a sample and 
cause a plurality of focal points according to one light source 
to overlap a plurality of focal points according to another 
light source. 

Advantageous Effects of the Invention 

According to the measurement device of the above-
described aspect, a fluorescence image of a sample can be 
acquired at a high speed. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a schematic diagram of a measurement device 
according to a first embodiment. 

FIG. 2 is a schematic diagram showing discrete spectral 
light. 

FIG. 3 is a diagram showing a first optical frequency 
comb spectrum of discrete spectral light emitted by a first 
point light source and a second optical frequency comb 
spectrum of discrete spectral light emitted by a second point 
light source. 

FIG. 4 is a schematic diagram showing a first configura-
tion example of a discrete spectral light source in the 
measurement device according to the first embodiment. 

FIG. 5 is a schematic diagram showing a second configu-
ration example of the discrete spectral light source in the 
measurement device according to the first embodiment. 

FIG. 6 is a schematic diagram showing a third configu-
ration example of the discrete spectral light source in the 
measurement device according to the first embodiment. 

FIG. 7 is a schematic diagram showing a fourth configu-
ration example of the discrete spectral light source in the 
measurement device according to the first embodiment. 

FIG. 8 is a schematic diagram showing a first configura-
tion example of a dispersing part in a case that a VIM and 
a diffraction grating are used in combination as a dispersing 
element. 

FIG. 9 is a diagram schematically showing focal points 
two-dimensionally spreading over the surface of a sample by 
a focusing part. 

FIG. 10 is a diagram illustrating a process of generating 
an interference RF spectrum between the first optical fre-
quency comb spectrum and the second optical frequency 
comb spectrum. 

FIG. 11 is a diagram showing a relationship between an 
overlapping region of a sample and a detected fluorescence 
beat group spectrum. 

FIG. 12 is a diagram schematically showing a positional 
relationship between an overlapping region of focusing 
points on a sample and an aperture part of a pinhole array 
element. 

FIG. 13 is a schematic diagram of a measurement device 
according to a second embodiment. 

6 
FIG. 14 is a schematic diagram of a measurement device 

according to a third embodiment. 
FIG. 15 is a schematic diagram illustrating a method of 

acquiring information about a fluorescence lifetime from 
5 phase information of an acquired fluorescence beat. 

FIG. 16 is a schematic diagram showing a modified 
example of the measurement device according to the first 
embodiment. 

10 DESCRIPTION OF EMBODIMENTS OF THE 
INVENTION 

Hereinafter, embodiments of measurement devices to 
which the present invention is applied will be described with 

15 reference to the drawings. 

First Embodiment 

FIG. 1 is a schematic diagram of a measurement device 
20 10A according to a first embodiment. As shown in FIG. 1, 

the measurement device 10A includes a light emitting part 
11, two point light sources (light sources) 12, a dispersing 
part 14, a focusing part 16, a separating part 19, a spatial 
filtering optical system (spatial filtering part) 18, and a 

25 detecting part 20. 
Light Emitting Part 

The measurement device 10A shown in FIG. 1 includes a 
light emitting part 11 having two point light sources (light 
sources) 12. Although the number of point light sources 12 

30 is not necessarily limited to two, a case in which the number 
of point light sources 12 is two will be described in the first 
embodiment. 
Point Light Sources 

The two point light sources 12 include a first point light 
35 source 12A and a second point light source 12B. The first 

point light source 12A and the second point light source 12B 
include a discrete spectral light source (optical frequency 
comb light source) 22 and a focusing lens 24. The discrete 
spectral light source (first light source) 22a in the first point 

40 light source 12A emits discrete spectral light (spectral light 
or first spectral light) LA. The discrete spectral light source 
(second light source) 22b in the second point light source 
12B emits discrete spectral light (spectral light or first 
spectral light) LB. 

45 FIG. 2 is a schematic diagram showing the discrete 
spectral light LA and LB. In FIG. 2, the number of spectra 
is reduced for ease of understanding. As shown in FIG. 2, the 
discrete spectral light LA and LB includes two or more 
spectra MA distributed at mutually different frequencies. 

50 Such discrete spectral light LA and LB includes a spec-
trum emitted by an optical frequency comb light source. 
Hereinafter, the spectrum of the optical frequency comb 
light source is referred to as an optical frequency comb 
spectrum LXO. The optical frequency comb spectrum LXO 

55 includes, for example, two or more spectra MA distributed 
at predetermined frequency intervals from each other on the 
frequency axis. In FIG. 2, the frequency axis is shown as an
f-axis. Hereinafter, the number of spectra MA including a 
spectrum which does not appear in a measured spectrum (a 

60 spectrum indicated by a one-dot chain line in the upper 
drawing of FIG. 2) is defined as n. An interval between 
frequencies of spectra MA locates adjacent frequency posi-
tions on the frequency axis is referred to as an adjacent 
frequency interval fr. Looking at frequency characteristics, n 

65 spectra MA have a carrier envelope offset frequency fO and 
a spectral envelope NA having a distribution of a predeter-
mined light intensity IE(f)I2 and are distributed on the 
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frequency axis. Hereinafter, the carrier envelope offset fre-
quency fO is simply referred to as an offset frequency fO. 

Looking at time characteristics of the optical frequency 
comb spectrum LXO, a plurality of pulses '1)1, (1)2. . . . .(I)m 
are distributed. A time interval between centers of adjacent 
pulses '1)1, 1)2. . . . . .1)m is 1/fr. An optical carrier electric 
field CA of the plurality of pulses '1)1, 1)2. . . . . .1)m has a 
time distribution obtained by performing an inverse Fourier 
transform on a plurality of spectra MA. A pulse envelope 
WA of the plurality of pulses '1)1, 1)2. . . . . .1)n has a time 
distribution obtained by performing an inverse Fourier trans-
form on the spectral envelope NA. 

If the offset frequency fO and the order for the spectrum 
MA having the offset frequency fO are determined, the 
frequency of the spectrum MA in a predetermined order is 
determined. For example, the frequency vn of an nth spec-
trum MA is determined with respect to the spectrum MA
having the offset frequency fO as in the following Eq. (1). 

vn =nxfr+JO (1) 

5 

10 

15 

20 

In the optical frequency comb spectrum LXO, the adjacent 
frequency interval fr and the offset frequency fO are stabi-
lized on the basis of a frequency standard device, and the 
frequency of the spectrum MA hardly changes on the 
frequency axis and is fixed. The fact that "the frequency of 25 

the spectrum MA hardly changes" indicates a state in which 
mutually different modes of the plurality of spectra MA are 
phase-locked and do not change on the frequency axis to the 
extent that the frequency of the spectrum MA can be 
achieved by performing phase-locking to the frequency 30 

standard device. 
The discrete spectral light LA emitted by the first point 

light source i2A and the discrete spectral light LB emitted 
by the second point light source i2B have mutually different 
offset frequencies II) and mutually different adjacent fre- 35 

quency intervals fr. FIG. 3 is a diagram showing a first 
optical frequency comb spectrum LXi of the discrete spec-
tral light LA emitted by the first point light source i2A and 
a second optical frequency comb spectrum LX2 of the 
discrete spectral light LB emitted by the second point light 40 

source i2B. 
As shown in FIG. 3, the optical frequency comb spectra 

LXi and LX2, i.e., the discrete spectral lights LA and LB, 
have n spectra MAi and MA2 distributed at equal intervals 
on the frequency axis, respectively. In the first optical 45 

frequency comb spectrum Lxi, the frequency interval 
between the spectra MAi and MAi whose frequency posi-
tions are adjacent on the frequency axis is a first adjacent 
frequency interval fri. A plurality of first adjacent frequency 
intervals fri in the first optical frequency comb spectrum 50 

LXi are equal to each other. On the other hand, in the second 
optical frequency comb spectrum LX2, the frequency inter-
val between the spectra MA2 and MA2 whose frequency 
positions are adjacent on the frequency axis is a second 
adjacent frequency interval fr2. A plurality of second adja- 55 

cent frequency intervals fr2 in the second optical frequency 
comb spectrum LX2 are equal to each other. The first 
adjacent frequency interval fri and the second adjacent 
frequency interval fr2 have a difference of a frequency 
interval Afr from each other. The frequency interval Afr is 60 

represented by Afr=fri—fr2. 
As shown in FIG. 3, when the first optical frequency comb 

spectrum LXi and the second optical frequency comb 
spectrum LX2 are arranged on the same frequency axis, the 
frequency interval between the spectra MAi and MA2 65 

closest to each other on the frequency axis is represented by 
mAfr+flF. mAfr+flF=vni—vn2=nixfri+fOi—(n2xfr2+ 

8 
f02). The frequency interval (mAfr+fRF) is less than half 
(fri/2) of the first adjacent frequency interval fri and half 
(fr2/2) of the second adjacent frequency interval fr2. Here, 
vni means the frequency of an nith spectrum of the first 
optical frequency comb spectrum Lxi. fOi means an offset 
frequency of the first optical frequency comb spectrum Lxi. 
vn2 means the frequency of an n2th spectrum of the second 
optical frequency comb spectrum LX2. f02 means an offset 
frequency of the second optical frequency comb spectrum 
LX2. 

A focusing lens 24 is arranged in an emission direction of 
each discrete spectral light source 22 (see FIG. i). The 
focusing lens 24 focuses the discrete spectral light LA and 
LB emitted from the discrete spectral light source 22 at a 
focal position Pi. Accordingly, various parameters of the 
focusing lens 24 are appropriately set in consideration of the 
frequency vn of the spectra MAi and MA2, a position of the 
focusing lens 24, a distance from the focal position Pi, and 
the like, and are not limited to specific values. 

Although not shown in FIG. i, when lenses are used in the 
optical system of the point light source i2 like the first point 
light source i2A and the second point light source i2B 
shown in FIG. i, the lens may be replaced with a mirror. The 
mirror may have a curvature. By using the mirror instead of 
the lenses, it is possible to prevent the chromatic aberration 
of the lenses from affecting the frequency of each spectrum 
MA of the optical frequency comb spectrum L)(O emitted 
from the discrete spectral light source 22. 

On the optical axis x, a pinhole element 26 and a 
collimating lens 28 are disposed in that order in front of the 
point light source i2. 

An aperture of a predetermined size and shape is formed 
in the pinhole element 26. In a direction along the optical 
axis x, the aperture of the pinhole element 26 is located at 
the focal position Pi. A size and shape of the aperture 
formed in the pinhole element 26 are appropriately set in 
consideration of the frequencies of the spectra MAi and 
MA2, desired resolution for acquiring information of the 
sample S, and the like and the size and shape of the aperture 
formed in the pinhole element 26 is not limited to a specific 
size and shape. The pinhole element 26 is provided to form 
a spatial mode of the laser beam in an ideal shape and to give 
confocal properties. If sufficient confocal properties can be 
obtained by the measurement device iOA, the pinhole ele-
ment 26 may be omitted. 

The collimating lens 28 collimates the discrete spectral 
light LA and LB diverging from the focal position Pi. 
Various parameters of the collimating lens 28 are set in 
consideration of the frequencies of the spectra MAi and 
MA2, the distance between the focal position Pi and the 
position of the collimating lens 28 and are not limited to 
specific values. 

The pinhole element 26, the focusing lens 24, and the 
collimating lens 28 may be replaced with other components 
as long as the discrete spectral light LA and LB can be 
favorably focused at the focal position Pi. 

The discrete spectral light LB emitted from the collimat-
ing lens 28 is incident on the mirror 29. The discrete spectral 
light LB reflected by the mirror 29 is incident on the half 
mirror 30. The discrete spectral light LA emitted from the 
collimating lens 28 and the discrete spectral light LB 
reflected by the mirror 29 combine at the half mirror 30 and 
are incident on the axis J3 of the dispersing element 32 at an
angle 00. 



US 10,837,906 B2 
9 

Discrete Spectral Light Source 
As the discrete spectral light source 22, a conventional 

comb light source capable of emitting the optical frequency 
comb spectrum LXO described above can be used. 

Hereinafter, a configuration example of the discrete spec-
tral light source 22 will be described. Detailed descriptions 
of conventional components in each confguration example 
will be omitted. The configuration of the discrete spectral 
light source 22 is not limited to the following configuration 
examples. 

FIG. 4 is a schematic diagram of a comb light source 22A 
which is a first configuration example of the discrete spectral 
light source 22. As shown in FIG. 4, the comb light source 
22A includes a mode-locked fiber laser 77 and an amplifier 
78. 

The mode-locked fiber laser 77 includes an excitation 
semiconductor laser 82, an optical fiber 80G having an 
optical isolator 87A, an optical coupler 84A, an optical fiber 
80A, optical fibers 80B and 80C, and an optical isolator 
85A. The optical fiber 80A includes an optical amplification 
fiber 86A to which a rare earth element (erbium, ytterbium, 
or the like) is doped. 

The amplifier 78 is connected to the mode-locked fiber 
laser 77 via an optical coupler 84D disposed between the 
optical fibers 80B and 80C. The amplifier 78 includes an 
optical fiber 80D, an optical isolator 85B, an optical fiber 
80E, an excitation semiconductor laser 83, an optical fiber 
80F having an optical isolator 87B, an optical coupler 84C, 
an optical fiber 80H, and an optical isolator 85C. The optical 
fiber 80D is connected to an output side of the optical 
coupler 84D. The optical fiber 80H includes an optical 
amplification fiber 86B to which a rare earth element (er-
bium, ytterbium, or the like) is doped. 

In the mode-locked fiber laser 77 shown in FIG. 4, pulses 
having high frequency stability oscillate from the optical 
isolator 85A toward the optical coupler 84A. Some of the 
pulses that have oscillated are separated from the optical 
coupler 84D to the optical fiber 80D, propagate in the optical 
fiber 80D, and are amplified by the amplifier 78. On the 
other hand, the remaining pulses that have oscillated propa-
gate in the optical fiber 80C and loop inside the mode-locked 
fiber laser 77. According to such an operation principle, the 
optical frequency comb spectrum LXO which is a high-
power optical frequency comb is emitted from the optical 
isolator 85C. 

FIG. 5 is a schematic diagram of a comb light source 22B 
which is a second configuration example of the discrete 
spectral light source 22. As shown in FIG. 5, the comb light 
source 22B includes an optical modulator 90 and a micro-
wave oscillator 93. The optical modulator 90 includes mir-
rors 92A and 92B disposed at a predetermined distance from 
each other and an electro-optic crystal 94 arranged between 
the two mirrors 92A and 92B. For the electro-optic crystal 
94, for example, lithium niobate (LiNbO3) is used. 

In the confguration shown in FIG. 5, single spectral light 
incident on the optical modulator 90 is externally phase-
modulated by the microwave oscillator 93. The electro-optic 
crystal 94 is disposed within a Fabry-Perot resonator includ-
ing the two mirrors 92A and 92B and deep modulation is 
applied therein. About 1000 or more spectra MA are gen-
erated by applying modulation in the electro-optic crystal 
94. The adjacent frequency interval fr of the spectrum MA 
matches a modulation frequency of the microwave oscillator 
93. Because the optical modulator 90 consists of a passive 
component, an optical frequency comb spectrum LXO 
including two or more spectra MA that are highly stable on 
the frequency axis is generated. A center frequency of the 

10 
spectral envelope NA is determined on the basis of a center 
frequency of light emitted from an input light source (not 
shown). 

FIG. 6 is a schematic diagram of a comb light source 22C 
5 which is a third configuration example of the discrete 

spectral light source 22. As shown in FIG. 6, the comb light 
source 22C includes a Mach-Zehnder modulator (MZM) 
type ultra-flat optical comb generator (MZ-FCG) 95 of a 
waveguide type. The MZ-FCG 95 has an input waveguide 

10 96A, two branch waveguides 96B and 96C, and an output 
waveguide 96D. A waveguide that can input a high-fre-
quency (RF) signal is coupled to the branch waveguide 96B. 
A waveguide that can input a phase modulation signal is 
coupled to the branch waveguide 96C. 

15 In the configuration shown in FIG. 6, when an RF signal 
is input to the two branch waveguides 96B and 96C under 
predetermined conditions, two optical frequency comb spec-
tra are generated from a single spectrum by the branch 
waveguides 96B and 96C. At a coupling position of the two 

20 branch waveguides 96B and 96C, the imbalance in light 
intensities of the two optical frequency comb spectra is 
mutually compensated for. Accordingly, an optical fre-
quency comb spectrum LXO having excellent flatness of the 
spectral envelope NA is generated and output from the 

25 output waveguide 96D. 
FIG. 7 is a schematic diagram of a comb light source 22D 

which is a fourth configuration example of the discrete 
spectral light source 22. The comb light source 22D is a 
broadband comb and ultra-short pulse light source including 

30 the MZ-FCG 95 of the comb light source 22C. As shown in 
FIG. 7, the comb light source 22D includes an excitation 
semiconductor laser 98, a polarization controller (PC) 99, an
MZM 100, a single mode fiber (SMF) 108, an erbium-doped 
fiber amplifier 109, a dispersion-flattened dispersion-dc-

35 creasing fiber (DF-DDF) 110. 
In the confguration shown in FIG. 7, an optical comb 

signal generated by the MZ-FCG 95 is input to the SMF 108 
which is conventional and is subsequently input to the 
DF-DDF, so that an optical frequency comb spectrum LXO 

40 extending to about 20 THz is generated. 
Dispersing Part 

The dispersing part 14 is disposed between the collimat-
ing lens 28 and the focusing part 16 in a direction along the 
optical axis X. The dispersing part 14 disperses the discrete 

45 spectral light LA and LB which incident at an angle 00 with 
respect to the axis J3 in mutually different directions for 
every spectra MA1 and MA2. The dispersing part 14 shown 
in FIG. 1 includes a dispersing element 32. In FIG. 1, a case 
where a diffraction grating is used as the dispersing element 

50 32 is shown. 
The dispersing element 32 is disposed in a position in 

which the axis J3 orthogonal to the dispersion surface 32a is 
inclined by an angle 00 with respect to the optical axis X. 
The dispersing element 32 one-dimensionally, two-dimen-

55 sionally or three-dimensionally performs wavelength dis-
persion on the light incident at an angle 00 at angles 01, 
02. . . . .On according to the frequencies of n spectra MA1 
and MA2. The dispersing element 32 having such a function 
includes, for example, a diffraction grating, a prism, a virtual 

60 imaged phased array (VIPA: registered trademark), a com-
puter generated hologram (CGH), and the like. When a 
diffraction grating or a prism is used as the dispersing 
element 32, dispersed beams after the wavelength dispersion 
are disposed one-dimensionally, i.e., linearly, as shown in 

65 FIG. 1. 
A pitch of the diffraction grating is set on the basis of a 

conventional grating equation in consideration of the angle 
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00 at which the spectra MA1 and MA2 are incident, the 
frequencies of the spectra MA1 and MA2, the desired 
resolution for acquiring information of the sample S, and the 
like, and is not limited to a specific pitch. When a VIPA and 
a diffraction grating are used in combination as the dispers-
ing element 32, dispersed beams after the wavelength dis-
persion are disposed two-dimensionally, i.e., in a plane. 
When the CGH is used as the dispersing element 32, the 
depth of the focal position can be changed for each spectrum 
by giving CGH lens characteristics. 

FIG. 8 is a schematic diagram showing a first configura-
tion example of the dispersing part 14 when a VIPA and a 
diffraction grating are used in combination as the dispersing 
element 32. The dispersing part 14A shown in FIG. 8 
includes a cylindrical lens 48, a VIPA 50, a spherical lens 52, 
and a diffraction grating 54 as the dispersing element 32. The 
VIPA 50 includes a thin glass plate Sob. A semi-transmissive 
film (not shown) is formed on one surface of the glass plate 
Sob. A reflective film 50r is formed on the other surface. The 
VIPA 50 has sharp wavelength dispersion characteristics due 
to an etalon. When the VIPA SO is moved, a wavelength 
dispersion angle changes. 

In the configuration shown in FIG. 8, first, light converged 
in one direction (a direction indicated by an arrow X shown 
in FIG. 8) by the cylindrical lens 48 is further dispersed by 
the VIPA SO in a direction indicated by an arrow Y A 
dispersion angle of dispersed light is in a range of an angle 
a with respect to the optical axis. The angle a is determined 
by a frequency of the discrete spectral light LB, a thickness 
of the VIPA SO, and an angle of incidence of the discrete 
spectral light LB on the VIPA SO. 

The light dispersed by the VIPA SO is deflected by the 
spherical lens 52 in a direction parallel to the optical axis for 
each light and is incident on the diffraction grating 54. 
Because a longitudinal direction of the diffraction grating 54 
is a direction parallel to the direction of the arrow Y, the light 
reflected from the diffraction grating 54 is diffracted in a 
direction orthogonal to the one direction described above 
(the direction of the arrow X shown in FIG. 8) simultane-
ously with the reflection and is dispersed for each frequency. 
Accordingly, the spectra MA1 and MA2 are two-dimension-
ally expanded in the directions of arrows D2 and D3 and the 
directions orthogonal to the directions of arrows Di, D2 and 
D3. 

As shown in FIG. 8, a band di in which the two-
dimensionally expanded spectra MA1 and MA2 are scat-
tered in the direction orthogonal to the directions of the 
arrows Di, D2 and D3 and a pitch d2 of the spectra MA1 and 
MA2 in the directions of the arrows D2 and D3 depend upon 
a free spectrum range (FSR) of the VIPA SO and a grating 
pitch of the diffraction grating 54. A pitch d3 in the direction 
orthogonal to the directions of the arrows Di, D2, and D3 
depends on the frequency interval of the spectrum of the 
discrete spectral light LB incident on the VIPA SO. In the first 
embodiment, the frequency interval of the spectrum of the 
discrete spectral light LB is one of the first adjacent fre-
quency interval fri and the second adjacent frequency 
interval fr2. 
Focusing Part 

As shown in FIG. 1, the focusing part 16 is disposed 
between the dispersing part 14 and the sample S in a 
direction along the optical axis X. The focusing part 16 
focuses the spectra MAi and MA2 on which wavelength 
dispersion has been performed by the dispersing part 14 at 
mutually different positions p1, p2. . . . .pn on the sample 
S. 

12 
The focusing part 16 includes relay lenses 34 and 36 and 

an objective lens 38. The relay lenses 34 and 36 are used to 
transfer a beam emission state of the dispersing element 32 
to an entrance pupil (a point P7 shown in FIG. 1) of the 

5 objective lens. The relay lens 34 focuses the plurality of 
spectra MAi and MA2 at mutually different positions in a 
direction orthogonal to the optical axis X (for example, the 
direction of the arrow D2 or the direction of the arrow D3 
shown in FIG. 1). The relay lens 36 collimates the plurality 

10 of spectra MAi and MA2 diverging after the focusing and 
causes the plurality of spectra MAi and MA2 to commonly 
pass through the point P7, which is the entrance pupil of the 
objective lens, and to be incident on the objective lens 38. 
The objective lens 38 forms a focal point at a different 

15 position depending on a beam incidence angle to the point 
P7. The incident angle differs for every spectra MAi and 
MA2. The spectra MAi and MA2 is focused on the sample 
S at mutually different positions in the direction of the arrow 
D2 or D3. 

20 Also, the configuration of the focusing part 16 is not 
limited to the above-described configuration as long as the 
spectra MAi and MA2 dispersed by the dispersing part 14 
can be focused at mutually different positions p1, p2. . . . . 
pn on the sample S to form a focal point region (focal point) 

25 C. 
FIG. 9 is a diagram schematically showing a plurality of 

focal point regions C that are two-dimensionally expanded 
on the surface of the sample S by the focusing part 16. Each 
focal point region C exists in a point shape. FIG. 9 shows an

30 expanded image of the focal point region C when the 
dispersing part i4A in which the VIM SO and the diffraction 
grating 54 shown in FIG. 8 are combined is employed. The 
focal point regions C are two-dimensionally located. The 
focal point region C corresponds to each of the positions p1, 

35 p2. . . . .pn where light is focused on the sample S in FIG. 
1. 

The right side of FIG. 9 is an enlarged view of each of the 
focal point regions C. As shown in FIG. 3, the first optical 
frequency comb spectrum LX1 irradiated from the first point 

40 light source 12A and the second optical frequency comb 
spectrum LX2 irradiated from the second point light source 
12B have adjacent frequency intervals which are mutually 
different. Thus, as shown on the right side of FIG. 9, the 
focal positions of the discrete spectral light LA from the first 

45 point light source 12A and the discrete spectral light LB 
from the second point light source 12B are slightly different 
from each other. 

As shown in FIG. 3, when the discrete spectral light LA 
from the first point light source 12A and the discrete spectral 

50 light LB from the second point light source 12B are arranged 
on the same frequency axis, a frequency interval (mAfr+ 
fRF) between spectra MA1 and MA2 closest to each other 
on the frequency axis is represented by vnl—vn2=(nlxfrl+ 
fOi)—(n2xfr2+f02) and is less than half (frl/2) of the first 

55 adjacent frequency interval fri and half (fr2/2) of the second 
adjacent frequency interval. Thus, as shown in FIG. 9, when 
each of the focal point regions C is enlarged, an image in 
which the focal point region Cl of the discrete spectral light 
LA emitted by the first point light source 12A and the focal 

60 point region C2 of the discrete spectral light LB emitted by 
the second point light source i2B partially overlap is shown. 
In other words, in the focal point regions C, the focal point 
region Ci and the focal point region C2 are shifted from 
each other while overlapping in an overlapping region In. 

65 The focusing part 16 focuses the spectra MAi and MA2 
for each point light source 12 dispersed by the dispersing 
part 14 in a plurality of different focal point regions Ci and 
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C2 of the sample S, respectively. In each focal point region 
C, a plurality of focal point regions Ci based on the first 
point light source 12A and a plurality of focal point regions 
C2 based on the second point light source 12B overlap in the 
overlapping region In. 

In the overlapping region In of the two focal point regions 
Ci and C2, the discrete spectral light LA and the discrete 
spectral light LB interfere each other. As a result, an optical 
electric field in the overlapping region In is modulated by a 
beat frequency according to a frequency difference between 
the spectrum MA1 of the discrete spectral light LA and the 
spectrum MA2 of the discrete spectral light LB. A fluores-
cence beat is excited and generated by an interference light 
beat having a modulation frequency corresponding to the 
beat frequency of the two spectra MA1 and MA2. A 
frequency of the fluorescence beat becomes the same as a 
beat frequency of interference light. In other words, a 
fluorescence beat spectrum having the beat frequencies of 
the two spectra MA1 and MA2 is generated from the 
overlapping region In of the two focal point regions Ci and 
C2. On the other hand, in the focal point region Ci and the 
focal point region C2 other than the overlapping region In, 
fluorescence spectra modulated at correspond frequencies of 
the first adjacent frequency interval fri and the second 
adjacent frequency interval fr2 are generated. 

FIG. 10 is a diagram illustrating a process of generating 
an interference RF spectrum of the first optical frequency 
comb spectrum LX1 and the second optical frequency comb 
spectrum LX2. As described above, in the first optical 
frequency comb spectrum Lxi, the frequency interval 
between the spectra MAi and MAi whose frequency posi-
tions are adjacent on the frequency axis is the first adjacent 
frequency interval fri. The plurality of first adjacent fre-
quency intervals fri on the frequency axis are equal to each 
other. On the other hand, in the second optical frequency 
comb spectrum LX2, the frequency interval between the 
spectra MA2 and MA2 whose frequency positions are 
adjacent on the frequency axis is the second adjacent fre-
quency interval fr2. The plurality of second adjacent fre-
quency intervals fr2 on the frequency axis are also equal to 
each other. The first adjacent frequency interval fri and the 
second adjacent frequency interval fr2 are mutually differ-
ent. 

Thus, in the interference light, the frequency interval 
between the spectra MA and MB whose frequency positions 
are adjacent on the frequency axis in an electromagnetic 
wave region becomes mAfr+flF. The frequency interval 
(mAfr+flF) is represented by vni—vn2=(nixfri+f01)—(n2x 
fr2+f02). The RF spectrum of the interference light is 
downscaled with respect to the first optical frequency comb 
spectrum LXi and the second optical frequency comb 
spectrum LX2. A fluorescence beat group spectrum FG 
having a beat frequency with a frequency interval of Afr is 
also obtained from the fluorescence excited and generated 
by excitation light having such an RF spectrum of the 
interference light (FIG. ii). As shown in FIG. ii, a fre-
quency of the fluorescence beat group spectrum FG is 
downscaled as compared with frequencies of fluorescence 
Fl and F2 generated in a non-overlapping region in the focal 
point regions (focal points) Ci and C2. The fluorescence 
beat group spectrum FG has information of each overlap-
ping region In of the sample S. The information of each 
overlapping region In corresponds to a measurement point 
when a two-dimensional image is formed from the fluores-
cence beat group spectrum FG. 

The fluorescence beat group spectrum generated from the 
overlapping region In of the focal point region Ci and the 

14 
focal point region C2 is distributed in a band of a frequency 
lower than fri/2 and fr2/2. On the other hand, fluorescence 
from a non-overlapping region which does not overlap the 
focal point region C2 in the focal point region Ci is 

5 distributed at the first adjacent frequency interval fri. Fluo-
rescence from a non-overlapping region which does not 
overlap the focal point region Ci in the focal point region C2 
is distributed at the first adjacent frequency interval fr2. 
Accordingly, even if a wavelength of the generated fluores-

10 cence in the overlapping region In is the same as a wave-
length of the generated fluorescence in the non-overlapping 
region, it is possible to extract the fluorescence only in the 
overlapping region In by using the difference in the RF 
spectrum. Because frequency multiplexed signals constitut-

15 ing the fluorescence beat group spectrum correspond one-
to-one to a plurality of measurement points within two 
dimensions on the sample 5, an image can be reconstructed 
from the fluorescence beat group spectrum. 

In order to obtain a fluorescence beat group spectrum, it 
20 is important that a plurality of focal point regions Ci based 

on the first point light source i2A and a plurality of focal 
point regions C2 based on the second point light source i2B 
at least partially overlap each other. That is, it is important 
that the overlapping region In be formed. The size of the 

25 overlapping region In can be controlled by a focal length (fd) 
of the objective lens 38, the numerical aperture (NA) of the 
objective lens 38, each magnification (3) of the focusing 
optical system (focusing part 16), an adjacent frequency 
interval difference (mAfr+fRF) between the first optical 

30 frequency comb spectrum LXi and the second optical 
frequency comb spectrum LX2, a dispersion characteristic 
(K [rad/Hz]) of the dispersing element 32, and the like. The 
adjacent frequency interval difference (mAfr+fRF) is vni—
vni2=(nixfri+foi)—(n2xfr2+f02)=ö [Hz]. 

35 A distance between the centers of the focal point regions 
Ci and C2 is d [m]. When the following relational expres-
sion (2) is satisfied, the two focal point regions Ci and C2 
form the overlapping region In. 

40 
dfdKôNm<1,22X/NA (2) 

In the expression (2), 1vc/(f0i+Nmfri). f01 represents 
an offset frequency of the first optical frequency comb 
spectrum LXi. 

It is preferable that an interval between the adjacent focal 
45 point regions Ci be larger than a size twice a spot size of 

each focal point region Ci in order to prevent the focal point 
regions C from overlapping at a plurality of locations. It is 
preferable that the interval between the adjacent focal point 
regions C2 be larger than a size twice a spot size of each 

50 focal point region C2 in order to prevent the focal point 
regions C from overlapping at a plurality of locations. 

It is only necessary for the sample S to be any object that 
absorbs irradiated spectra (excitation light) MAi and MA2 
and emits fluorescence and the sample S is not limited to a 

55 specific object or the like. For example, living cells emit 
autofluorescence, fluorescence proteins, fluorescence beads, 
or the like can be used as the sample S. 

The fluorescence generated at each measurement point on 
the sample S and propagated backward is incident on the 

60 focusing part 16 again. The light is collimated by the 
objective lens 38 of the focusing part 16 and commonly 
passes through the point P7. Subsequently, the light is 
incident on the relay lens 36 and is focused by the relay lens 
36 at different positions in a direction orthogonal to the 

65 optical axis X (i.e., in the direction of the arrow D2 or D3 
shown in FIG. 1). A plurality of light of fluorescence 
diverging after the focusing are collimated by the relay lens 
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34 and guided to the separating part 19. Similar to the 
fluorescence, reflected and scattered light from each point on 
the sample S is also incident on the focusing part 16 and is 
substantially converged and guided to the separating part 19. 
Separating Part 

The separating part 19 is disposed between the focusing 
part 16 and the spatial filtering optical system 18 in a 
direction along the optical axis X. The separating part 19 
reflects only the fluorescence. Thus, the separating part 19 
passes the light from the dispersing part 14 to the sample 5, 
reflects the fluorescence emitted by the sample 5, and guides 
the fluorescence to the spatial filtering optical system 18. 
The separating part 19 separates the reflected and scattered 
light from the sample S and the fluorescence emitted by the 
sample S. 

For example, a dichroic mirror can be used for the 
separating part 19. The separating part 19 may be a com-
bination of a half mirror and a fluorescent filter. The fluo-
rescent filter blocks the reflected and scattered light from the 
sample S. After the reflected and scattered light from the 
sample S and the fluorescence emitted by the sample S are 
reflected by the half mirror in a predetermined direction, it 
is possible to pass only the fluorescence emitted by the 
sample S by causing the reflected and scattered light and the 
fluorescence to pass through the fluorescent filter. 
Spatial Filtering Optical System 

The spatial filtering optical system 18 is disposed between 
the separating part 19 and the detecting part 20 in the 
direction along the optical axis X. The spatial filtering 
optical system 18 causes light to be focused at a plurality of 
positions P3 conjugate to overlapping regions In where the 
focal point regions Cl and C2 of the spectra MA1 and MA2 
on the sample S overlap. In the measurement device bA, 
five positions including a focal position P1 of the first point 
light source 12A, a focal position P1 of the second point 
light source 12B, a position where the discrete spectral light 
LA and LB are focused between the relay lenses 34 and 36, 
focal positions p1, p2. . . . .pn where light is focused on the 
sample 5, and a plurality of positions P31 to P3, conjugate 
to the overlapping regions In are conjugate to each other on 
the optical axis S. 

The spatial filtering optical system 18 shown in FIG. 1 
includes a focusing lens 40, a pinhole array element 42, and 
a collimating lens 44. The focusing lens 40, the pinhole array 
element 42, and the collimating lens 44 are disposed in that 
order in the optical axis X direction. 

The focusing lens 40 focuses the fluorescence emitted 
from the sample S at the plurality of positions P31 to P3, 
conjugate to a plurality of overlapping regions In where the 
focal point regions Cl and C2 overlap on the sample S. 
Hereinafter, the above-described positions P31 to P3, may be 
simply referred to as the positions P3 conjugate to the 
overlapping regions In. 

A plurality of apertures having a predetermined size, 
shape, and interval is formed in the pinhole array element 
42. In the direction along the optical axis X, the apertures 
formed in the pinhole array element 42 are located at the 
plurality of positions P31 to P3, conjugate to the plurality of 
overlapping regions In where the focal point regions Cl and 
C2 where light is focused by the focusing part 16 overlap. 
FIG. 12 is a diagram schematically showing a positional 
relationship between the overlapping region In of the sample 
S and the aperture formed in the pinhole array element 42. 
In FIG. 12, an optical system between the sample S and the 
pinhole array element 42 is omitted for ease of understand-

16 
ing of a corresponding relationship between the position of 
the sample S and the position of the pinhole array element 
42. 

As shown in FIG. 12, the pinhole array element 42 can 
5 pass only the fluorescence emitted in the overlapping region 

In. The size, shape, and interval of the aperture formed in the 
pinhole array element 42 are appropriately set in consider-
ation of a frequency of the fluorescence spectrum emitted 
from the sample 5, a shape and an interval of the overlapping 

10 region In, focusing performance of the focusing lens 40, and 
the like. The pinhole array element 42 passes only the 
fluorescence spectrum from the overlapping region In where 
the focal point regions Cl and C2 overlap within the 
fluorescence. 

15 The pinhole array element 42 may be a fixed pinhole array 
element in which a plurality of apertures are two-dimen-
sionally formed at predetermined positions, sizes, and 
shapes on a substrate made of a metal plate or the like. When 
the fixed pinhole array element is used, it is preferable to 

20 connect a configuration capable of three-dimensionally 
finely adjusting the position of the aperture formed in the 
fixed pinhole array element to the pinhole array element 42. 
Instead of various parameters of the pinhole array element 
42, various parameters of the discrete spectral light (for 

25 example, the first adjacent frequency interval frl, the second 
adjacent frequency interval fr2, and the offset frequencies 
fOl and f02) may be adjusted in the light source. 

In order to provide high flexibility in adjusting the pinhole 
array element 42, a spatial light modulator capable of 

30 modulating the amplitude, phase, or polarization spatially 
and temporally may be used as the pinhole array element 42. 
Because the spatial light modulator can arbitrarily change 
the shape, position, and size of the aperture, only desired 
information from the sample S can be passed to the detecting 

35 part 20 by adjusting the shape, position, and size of the 
aperture in accordance with the change even when the 
condition of light emitted from the first point light source 
12A or the second point light source 12B changes. 

Adjustment of the pinhole array element 42 can be 
40 performed as follows. For example, before the actual obser-

vation of the sample S is started, a glass plate on which a 
fluorescent material is entirely coated is disposed instead of 
the sample S. The detecting part 20 detects a large number 
of point images formed by projecting the fluorescence 

45 generated from the glass plate onto the spatial light modu-
lator. By making a section near the detected point image 
transparent, a spatial filter corresponding to the pinhole 
array element 42 can be implemented. For example, a 
two-dimensional focus distribution of two of the discrete 

50 spectral light LA and LB may be independently acquired in 
advance and an overlapping portion may be determined 
based on an overlapping state of the distribution. 

A liquid crystal image display element having high-
definition such as SXGA or XGA can be used for the spatial 

55 light modulator. A pixel onto which the fluorescent spot is 
projected can be determined by detecting a photocurrent 
generated in a TFT corresponding to the pixel. Through such 
a detection process, good spatial filter characteristics can be 
secured even if the optical axis is deviated due to environ-

60 mental changes or the like. 
The collimating lens 44 focuses the fluorescence spectra 

diverging from a plurality of positions P31 to P3, conjugate 
to the overlapping regions In. Accordingly, various param-
eters of the collimating lens 44 are appropriately set in 

65 consideration of a frequency of the fluorescence spectrum, 
distances between the plurality of positions P31 to P3, 
conjugate to the overlapping regions In and a position of the 
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collimating lens 44, and are not limited to specific values. A 
focusing lens may be used as the collimating lens 44. 
Detecting Part 

The detecting part 20 is disposed on a rearmost part of the 
measurement device 10A in an X direction along the optical 5 

axis. The detecting part 20 acquires information of the 
sample S from at least a modulated signal based on a 
fluorescence spectrum including information of the sample 
S. In the first embodiment, the detecting part 20 acquires the 
information of the sample S from the modulated signal 10 

based on the fluorescence spectrum that is spatially filtered 
by the spatial filtering optical system 18 and includes the 
information of the sample S. 

A conventional detector can be used as the detecting part 
20. A fluorescence spectrum (a fluorescence beat) having a 15 

beat frequency in an overlapping region In where the focal 
point regions Cl and C2 overlap near the focal point is 
incident on the detecting part 20. The fluorescence spectrum 
at the beat frequency is obtained through the following steps. 
For example, a process of directly measuring a fluorescence 20 

spectrum in an RF spectrum analyzer and converting the 
fluorescence spectrum into a frequency scale of an original 
light region may be performed. Alternatively, a process of 
acquiring a temporal change in a fluorescence beat signal by 
a digitizer and performing a Fourier transform on the 25 

temporal change may be performed. In the step of perform-
ing the Fourier transform, as shown in FIG. 11, a fluores-
cence beat group spectrum FG, i.e., a frequency multiplexed 
signal corresponding to each pixel, is obtained. In the 
detecting part 20, the fluorescence having what degree of 30 

intensity has been emitted from what position in the sample 
S can be reconstructed from the frequency multiplexed 
signal for the detected fluorescence spectrum and a fluores-
cence image of the sample S can be observed. 
Measurement Using Measurement Device 10A 35 

Next, the principle of measurement using the measure-
ment device 10A shown in FIG. 1 will be described. 

The discrete spectral light LA and LB emitted from the 
discrete spectral light sources 22a and 22b of the two point 
light sources 12 is focused at the focal position P1 and 40 

passes through the aperture formed in the pinhole element 
26. The discrete spectral light LA and LB diverging from the 
focal position P1 is collimated by the collimating lens 28 and 
is incident on the dispersing element 32 of the dispersing 
part 14. 45 

Two or more (here, n) spectra MA1 and MA2 of the 
discrete spectral light LA and LB which forms a common 
angle 00 with respect to the axis J3 and is incident on the 
dispersing element 32 are simultaneously dispersed at angles 
01, 02. . . . .On according to frequencies thereof for every 50 

spectra MA1 and MA2. That is, every spectra MA1 and 
MA2 disperse simultaneously in mutually different direc-
tions. 

Subsequently, the n spectra MA1 and MA2 dispersed at 
different angles 01, 02. . . . . On for each spectrum are 55 

incident on the focusing part 16. The n spectra MA1 and 
MA2 that have been incident thereon are focused for each 
spectrum by the relay lens 34 and collimated toward the 
point P7 by the relay lens 36. The n spectra MA1 and MA2 
passing through the point P7 are simultaneously focused by 60 

the objective lens 38 at mutually different positions p1, 
p2. . . . .pn on the sample S. 

The n spectra MA1 and MA2 are simultaneously focused 
in the focal point regions C at mutually different positions 
p1, p2. . . . .pn on the sample S. In each focal point region 65 

C, fluorescence emission by the spectrum MA1 and fluo-
rescence emission by the spectrum MA2 occur. The fluo-

18 
rescence generated from each focal point region C has 
information at each point on the sample S. In the sample 5, 
n overlapping regions In where the focal point region Cl of 
the spectrum MA1 and the focal point region C2 of the 
spectrum MA2 overlap each other are formed. In the n 
overlapping regions In, a fluorescence beat occurs due to 
interference light between the spectrum MA1 and the spec-
trum MA2. 

Each fluorescence and each the reflected and scattered 
light from the focal point region C of the sample are 
collimated by the objective lens 38 of the focusing part 16 
and pass through the point P7 in common. These lights are 
incident on the relay lens 36 and is focused by the relay lens 
36 at different positions in a direction orthogonal to the 
optical axis X (i.e., the direction of the arrow D2 or D3 
shown in FIG. 1). The light diverging after the focusing is 
collimated by the relay lens 34 and deflected toward the 
separating part 19. 

The reflected and scattered light from the mutually dif-
ferent positions p1, p2. . . . .pn and the fluorescence 
generated at the mutually different positions p1, p2. . . . .pn 
are incident on the separating part 19. The separating part 19 
separates the fluorescence from other light. That is, the 
separating part 19 removes components other than the 
fluorescence from the light incident on the separating part 
19. The components other than the fluorescence mean a part 
of the excitation light reflected by the sample S. When the 
separating part 19 does not have wavelength selectivity, a 
beam splitter and a fluorescent filter may be used. 

The fluorescence from the overlapping region In of each 
focal point region C is incident on the spatial filtering optical 
system 18 by the separating part 19. The fluorescence 
incident on the spatial filtering optical system 18 is focused 
by the focusing lens 40 at the plurality of positions P31 to 
P3, conjugate to the overlapping regions In of the focal point 
regions C. Further, the fluorescence passes through apertures 
in the pinhole array element 42 in which a plurality of 
apertures is formed. The aperture is formed in the pinhole 
array element 42 in corresponding position with an over-
lapping region In where the focal point region Cl of the 
spectrum MA1 and the focal point region C2 of the spectrum 
MA2 overlap each other. Thus, the pinhole array element 42 
cuts out components in other than the focal point of the 
fluorescence in the overlapping region In. The components 
in other than the focal point of the fluorescence in the 
overlapping region In are components from outside the focal 
point of the overlapping region In and components of the 
non-overlapping regions Cl and C2 in the right diagram of 
FIG. 9, and are, for example, a component generated from 
an inner part of the sample in a depth direction and the like. 

As shown in FIG. 11, the fluorescence from the overlap-
ping region In is generated by an excitation light beat 
modulated in a beat frequency group corresponding to a 
frequency difference between the spectrum MA1 and the 
spectrum MA2 and has a modulation frequency (a beat 
frequency) differing according to each overlapping region 
In. That is, the pinhole array element 42 passes only a 
fluorescence spectrum of a predetermined beat frequency to 
which information at each point on the sample S is added. 
The n fluorescence spectra passing through the apertures of 
the pinhole array element 42 are collimated by the collimat-
ing lens 44 and are incident on the detecting part 20. 

In the detecting part 20, n mode-resolved spectra corre-
sponding to image pixels of the sample S can be acquired 
from fluorescence beat group signals including information 
of the image pixels of the sample S and modulated at 
different beat frequencies. Fluorescence modulated at the 
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beat frequency is directly measured by, for example, an RF 
spectrum analyzer and converted to a frequency scale of the 
original optical region. The fluorescence modulated at the 
beat frequency may be obtained by acquiring a temporal 
change in a detected signal in a digitizer. By performing a 
Fourier transform on the acquired fluorescence, a mode-
resolved spectrum (a fluorescence beat group spectrum FG) 
based on the fluorescence modulated at the beat frequency is 
obtained as shown in FIG. ii. Each spectrum of the n 
mode-resolved spectra corresponds to one overlapping 
region In in the focal point region C of the sample S and 
corresponds to one measurement point when a two-dimen-
sional image is imaged from the fluorescence beat group 
spectrum FG. 
Effects of Measurement Device 1OA 

Next, effects of the measurement device 1OA according to 
the first embodiment will be described. 

As shown in FIG. 9, the measurement device 1OA accord-
ing to the first embodiment can simultaneously focus the 
discrete spectral light LA and LB on mutually different focal 
points C on the sample S in one irradiation operation (i.e., 
one shot). Thereby, without scanning the laser beam, two or 
more of then spectra MA1 and MA2 included in the discrete 
spectral light LA and LB can be simultaneously multi-
dimensionally converted and mapped on a multi-dimen-
sional plane. 

Because the discrete spectral light LA and the discrete 
spectral light LB are independent of each other, the infor-
mation of the sample S can be acquired as fluorescence 
emission simultaneously and in parallel at the focal positions 
p1, p2. . . . .pn of then spectra MA1 and MA2 unlike a case 
in which continuous spectral light is used. Accordingly, if 
the focal point regions C of the spectra MA1 and MA2 are 
adjusted to a range of a measurement target of the sample 5, 
information of the sample S in the measurement range can 
be obtained non-mechanically at a high speed. 

According to the measurement device 10A of the first 
embodiment, the separating part 19 and the pinhole array 
element 42 can cut each component of a part of the excita-
tion light reflected by the sample S and the fluorescence 
emission and detect only fluorescence having an optical beat 
spectrum from a position near the focal point of the over-
lapping region In which is a measurement target in the 
detecting part 20. The optical beat spectrum is caused due to 
the interference light between two light of the discrete 
spectral light LA and LB. The optical beat spectrum is 
downscaled from an optical frequency band (several hun-
dred terahertz band) to the RF band (several kHz to several 
MHz band). That is, according to the measurement device 
10A of the first embodiment, high-accuracy and high-speed 
measurement can be performed using a conventional RF 
measurement device. 

The optical beat spectrum includes information of only 
the overlapping region In where the focal point region Ci of 
the spectrum MA1 and the focal point region C2 of the 
spectrum MA2 overlap each other. By appropriately adjust-
ing and shaping a profile of a beam spot in the focal point 
region Ci, the region occupied by the overlapping region In 
is made narrower than the region occupied by each of the 
focal point regions Ci and C2 and information of a smaller 
region can be obtained from the optical beat spectrum. 

Each of the first adjacent frequency interval fri of the n 
spectra MA1 of the discrete spectral light LA emitted by the 
first point light source 12A of the measurement device 10A 
of the first embodiment and the second adjacent frequency 
intervals fr2 of the n spectra MA2 of the discrete spectral 
light LB emitted by the second point light source 12B is 

20 
constant on the frequency. Thus, the n spectra MAi and 
MA2 are focused at mutually different positions on the 
sample S with a constant interval therebetween. Accord-
ingly, information within the measurement range of the 

5 sample S can be acquired at equally spaced intervals. 
When the first optical frequency comb spectrum LXi of 

the discrete spectral light LA emitted from the first point 
light source i2A and the second optical frequency comb 
spectrum LX2 of the discrete spectral light LB emitted from 

10 the second point light source i2B are arranged on the same 
frequency axis, a frequency interval (mAfr+fRF) between 
the spectra MAi and MA2 closest to each other on the 
frequency axis is represented by vni—vni2=(nixfri+foi) 
(n2xfr2+f02). The frequency interval (mAfr+fRF) is less 

15 than half (fri/2) of the first adjacent frequency interval fri 
and half (fr2/2) of the second adjacent frequency interval. 
Thus, the first optical frequency comb spectrum LXi and the 
second optical frequency comb spectrum LX2 interfere in 
the overlapping region In where the focal point region Ci 

20 and the focal point region C2 overlap each other. The 
interference light in the overlapping region In is modulated 
at a frequency corresponding to the frequency interval 
(mAfr+flF) between the closest spectra MAi and MA2 on 
the frequency axis. Thereby, it is possible to obtain a 

25 fluorescence beat having a modulation frequency differing 
according to each of the overlapping regions In. That is, in 
the measurement device i0A according to the first embodi-
ment, the fluorescence image can be directly reconstructed 
using the fluorescence beat group signal whose frequency 

30 interval has been downscaled. 
In the measurement device i0A bringing the above-

described effects, the high-speed performance and the high-
resolution characteristics are significantly improved as com-
pared with the conventional confocal fluorescence 

35 microscope and clear information of high contrast can be 
acquired with one shot of the discrete spectral light LA and 
LB. Thus, for example, it is possible to directly observe the 
movement of a molecule inside a living cell. As a result, it 
is conceivable that new knowledge related to the biotech-

40 nology field such as vital function analysis will be able to be 
acquired. 

Second Embodiment 

45 FIG. 13 is a schematic diagram of a measurement device 
lOB according to a second embodiment. The measurement 
device lOB of the second embodiment is different from the 
measurement device i0A of the first embodiment in which 
fluorescence propagating backward is measured in that 

50 fluorescence propagating forward from a sample S is mea-
sured. Components of the measurement device lOB of the 
second embodiment shown in FIG. 13 that are the same as 
those of the measurement device i0A of the first embodi-
ment shown in FIG. 1 are denoted by the same reference 

55 signs and description thereof will be omitted. 
Confguration of Measurement Device lOB 

As shown in FIG. 13, the measurement device lOB 
includes two point light sources 12, a dispersing part 14, a 
first focusing part iS, a second focusing part 17, a reflecting 

60 part 21, and a spatial filtering optical system 18, and a 
detecting part 20. 

In the measurement device lOB, the second focusing part 
17 is provided between the sample S and a reflecting part 21 
in a direction along an optical axis X. The second focusing 

65 part 17 has a symmetric relation with the first focusing part 
iS with respect to the sample S and the first focusing part iS 
is configured to be folded with respect to the sample S. 
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The second focusing part 17 includes an objective lens 39 
and relay lenses 35 and 37. The relay lenses 35 and 37 
transfer a beam emission state of an entrance pupil (a point 
PS) of the objective lens to the reflecting part 21. The 
objective lens 39 and the relay lenses 35 and 37 correspond 
to the objective lens 38 and the relay lenses 34 and 36, 
respectively. The objective lens 39 collimates the spectra 
propagating forward from the mutually different positions 
p1, p2. . . . .pn, causes the spectra to pass through the point 
PS in common, and causes the spectra to be incident on the 
relay lens 37. Hereinafter, spectra propagating forward from 
the positions p1, p2. . . . .pn are referred to as transmitted 
spectra. The relay lens 37 focuses a plurality of transmitted 
spectra passing through the point PS at different positions in 
a direction orthogonal to the optical axis X (i.e., in a 
direction of an arrow D2 or D3 shown in FIG. 13). The relay 
lens 35 collimates a plurality of transmitted spectra diverg-
ing after the focusing. The configuration of the second 
focusing part 17 is not limited to the above-described 
configuration. 
Measurement Using Measurement Device lOB 

Next, the principle of measurement using the measure-
ment device lOB shown in FIG. 13 will be described. 
Because the principle until the sample S is irradiated with 
discrete spectral light LA and LB emitted from the two point 
light sources 12 is similar to the principle of measurement 
using the measurement device bA, the description of the 
principle until the sample S is irradiated with the discrete 
spectral light LA and LB will be omitted. 

Information of the sample S at the positions p1, 
p2. . . . .pn is added to the n spectra MA1 and MA2 
simultaneously focused at mutually different positions p1, 
p2. . . . .pn on the sample S. In this manner, n focal points 
C are simultaneously formed on the sample S in a single 
operation of irradiating the discrete spectral light LA and 
LB. The overlapping region In is formed in each of the focal 
point regions C. In the overlapping region In, the discrete 
spectral light LA and LB interfere and fluorescence modu-
lated at the same frequency as interference light is generated. 
The information of the sample S is independently added to 
the fluorescence beat generated in each overlapping region 
In. 

The discrete spectral light LA and LB and the fluores-
cence generated by the sample S propagate forward from 
mutually different positions p1, p2. . . . .pn and are incident 
on the second focusing part 17. The discrete spectral light 
beams LA and LB and the fluorescence from the n positions 
are respectively corrected for aberration or collimated by the 
objective lens 39 of the second focusing part 17 and pass 
through the point PS in common. The fluorescence passing 
through the point PS is incident on the relay lens 37 and is 
focused by the relay lens 37 at different positions in a 
direction orthogonal to the optical axis X (i.e., the direction 
of the arrow D2 or D3 shown in FIG. 13). The plurality of 
transmission spectra diverging after the focusing and the 
fluorescence from n positions are collimated by the relay 
lens 35 and deflected toward the reflecting part 21. 

Fluorescence from the mutually different positions p1, 
p2. . . . .pn is reflected at a desired angle by the reflecting 
part 21. 

n lights of fluorescence including the information of the 
sample S are incident on the spatial filtering optical system 
18. The principle after the light is incident on the spatial 
filtering optical system 18 is similar to the principle of 
measurement using the measurement device bA. Also, the 
fluorescence passing through the relay lens 37 may be 

22 
directly incident on the spatial filtering optical system 18 
without providing the relay lens 35 and the reflecting part 
21. 

Predetermined fluorescence from the pinhole array dc-
5 ment 42 is fluorescence of n light beat spectra generated at 

the focal points of the overlapping region In and is incident 
on the detecting part 20. Thus, the detecting part 20 acquires 
n mode-resolved spectra corresponding to the fluorescence 
image pixels of the sample S from the optical beat spectrum 

10 including the information of the sample S. 
Effects of Measurement Device lOB 

According to the measurement device lOB according to 
the second embodiment, the effects similar to those of the 
measurement device 10A of the first embodiment can be 

15 obtained. 

Third Embodiment 

FIG. 14 is a schematic diagram of a measurement device 
20 1OC according to the third embodiment. The measurement 

device 1OC according to the third embodiment is different 
from the measurement device 10A according to the first 
embodiment in that the measurement device 1OC has a 
control part 60 configured to control the offset frequency f02 

25 or the adjacent frequency interval fr2 of discrete spectral 
light LB emitted by a second point light source 12B. Also, 
components that are the same as those of the measurement 
device 10A of the first embodiment shown in FIG. 1 among 
components of the measurement device 1OC of the third 

30 embodiment shown in FIG. 14 are denoted by the same 
reference signs and description thereof will be omitted. 
Confguration of Measurement Device 1OC 

As shown in FIG. 14, the measurement device 1OC 
according to the third embodiment has a control part 60. The 

35 control part 60 controls the offset frequency f02 or the 
adjacent frequency interval fr2 of the discrete spectral light 
LB emitted by the second point light source 12B. Although 
the control part 60 is provided in the second point light 
source 12B in the configuration shown in FIG. 14, the 

40 control part 60 may be provided in the first point light source 
12A or may be provided in both point light sources 12. 

The control part 60 controls the offset frequency f02 or the 
adjacent frequency interval fr2 of the discrete spectral light 
LB. For example, the control part 60 controls intervals 

45 between pulses cI1, 'I2. . . . . m of the discrete spectral 
light LB (see FIG. 2). When the control part 60 changes the 
offset frequency f02 or the adjacent frequency interval fr2 of 
the discrete spectral light LB, a degree of overlapping and an 
area of the overlapping region In in FIG. 9 change. When the 

50 offset frequency f02 or the adjacent frequency interval fr of 
each of the two point light sources 12 is changed by the 
control part 60, a position of a focusing point region C where 
light is focused on the sample S changes. 

It is preferable that the spatial filtering optical system 18 
55 in the measurement device 1OC according to the third 

embodiment include a spatial light modulator capable of 
changing a position of transmitted light. When the position 
of the focal point region C changes, desired information is 
possible to be cut by spatial filtering in the fixed pinhole 

60 array element 42. If the spatial light modulator can arbi-
trarily change the position of transmitted light, an optical 
beat spectrum having a predetermined beat frequency to 
which information at each point on the sample S is added 
can be passed toward the detecting part 20. 

65 Effects of Measurement Device 1OC 
When the control part 60 changes the offset frequency f02 

or the adjacent frequency interval fr2 of the discrete spectral 
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light LB and changes a degree of overlapping of the over-
lapping region In in an example shown in FIG. 9, a range in 
which the optical beat spectrum is obtained from the sample 
S changes. The measurement device 10C acquires informa-
tion of the sample S obtained from the optical beat spectrum. 
Thus, the range in which the optical beat spectrum is 
obtained has a great influence on the resolution of the 
measurement device bC. In other words, the resolution of 
the measurement device 10C can be changed by changing 
the degree of overlapping of the overlapping region In. 

The optical beat spectrum is obtained from the overlap-
ping part region In of the focal point regions Cl and C2 of 
the two point light sources 12. In other words, information 
of a portion on the sample S other than the overlapping 
region In cannot be measured. When the position of the focal 
point region C where light is focused on the sample S has 
been changed by the control part 60, the position of the focal 
point region C can be shifted as necessary to obtain infor-
mation of a portion that has not been measured. The control 
part 60 can control the position of the focal point region C 
where light is focused on the sample S and obtain two 
images from information of two sets of information before 
the position of the focal point region C is shifted and 
information acquired at a position where the focal point 
region C has been shifted by about ¼ of an interval between 
the focal point regions C. After the two images are obtained, 
an image with increased resolution can be obtained if these 
images are calculated based on a general image processing 
algorithm. 

In the measurement devices according to the above-
described first to third embodiments, phase information of 
the fluorescence beat may be acquired. When the phase 
information of the fluorescence beat is acquired, information 
of a fluorescence lifetime other than an intensity of fluores-
cence can be extracted. 

As shown in FIG. 15, the interference light beat and the 
fluorescence beat have the same RF spectrum. In FIG. 15, 
the frequency axis is shown as a Freq. axis. A time wave-
forms of a spectral components of the frequency f of both the 
interference light beat and the fluorescence beat have a 
period of 1/f However, the fluorescence beat is shifted by a 
phase B depending on a fluorescence generation process. A 
relationship between a delay of the phase B and a fluores-
cence lifetime t is represented by the following Eq. (3). 

T=tafl O/(2tJ) (3) 

The interference light beat and the fluorescence beat can 
be measured simultaneously and a fluorescence lifetime 
image can be obtained from a phase difference distribution 
between the interference light beat and the fluorescence beat. 
When the fluorescence lifetime image is used, it is possible 
to perform highly sensitive detection of environmental 
changes around fluorescent molecules within cells, changes 
in a reaction speed of fluorescent molecules, and the like. 
Oxygen imaging and ion imaging of fluorescence and phos-
phorescence, imaging of interaction between proteins by 
fluorescence resonance energy transfer (FRET), and fluo-
rescence correlation spectroscopy (FCS) become possible. 

Although the preferred embodiments of the present inven-
tion have been described above in detail, the present inven-
tion is not limited to specific embodiments. That is, the 
above-described embodiments are only some of a large 
number of embodiments of the present invention. As long as 
the objectives, problem solving, or effects of the present 
invention can be achieved, it is obvious that various modi-
fications and changes are possible in the measurement 
device and the irradiation device of the present invention 

even if they are not described in the above-described 
embodiments. In particular, a plurality of configurations or 
functions described in the above-described embodiments 
may be combined and can be changed (added or deleted). 

5 Although the problem solving or objectives of the present 
invention have been generally described in "Technical Prob-
lem" in the present specification, the problem solving or 
objectives of the present invention is not limited to descrip-
tion details thereof. Needless to say, the problem solving or 

10 objectives described in the embodiments are valid for each 
invention. Also, the effects described in the embodiments are 
a reversal of the problem solving or the objective. Thus, 
even if the problem solving or the objectives are not directly 
described in the above-described embodiments, the exis-

15 tence thereof should be understood. 
Also, although the inventions for achieving the problem 

solving or the objectives have been described in the mea-
surement devices in the first to third embodiments among 
the above-described embodiments, a degree of achievement 

20 of the problem solving or the objectives is not necessarily 
100%. The problem solving or the objectives of the present 
invention change in accordance with a combination of the 
configurations of the present invention. Needless to say, for 
example, even if the degree of achievement is 10%, the 

25 invention should not be denied as not achieving the objec-
tives thereof 

For example, even if only a "leaf spring" is described as 
a certain configuration in the embodiment, for example, a 
"helical spring" can be assumed to be a "spring" within the 

30 scope of common technical knowledge. Thus, if a "spring" 
other than a "leaf spring" can achieve the objective of the 
present invention, it can be considered that the "spring" is 
described as a configuration of the present invention. 

In each of the above embodiments, the first point light 
35 source 12A and the second point light source 12B have the 

focusing lens 24 individually. The pinhole element 26 and 
the collimating lens 28 are individually disposed in that 
order on the front side on the optical axis X with respect to 
the focusing lenses 24 of the first point light source 12A and 

40 the second point light source 12B. However, the focusing 
lenses 24 of the first point light source 12A and the second 
point light source 12B, and the pinhole elements 26 and the 
collimating lenses 28 corresponding to the first point light 
source 12A and the second point light source 12B may be 

45 shared. 
For example, FIG. 16 shows a schematic diagram of a 

measurement device bA' including a third point light 
source (a first point light source or a second point light 
source) 12C in which the focusing lens 24, the pinhole 

50 element 26, and the collimating lens 28 are shared on the 
optical axis X of the discrete spectral light source 22a or 22b 
in the measurement device 10A of the first embodiment. In 
the measurement device bA', the half mirror 23 is disposed 
between the discrete spectral light source 22b and the 

55 focusing lens 24 on the optical axis X of the discrete spectral 
light LB emitted from the discrete spectral light source 22b. 
The discrete spectral light source 22a is disposed at a 
position where the discrete spectral light source 22b is 
folded with respect to a reflection surface of the half mirror 

60 23. The discrete spectral light LA emitted from the discrete 
spectral light source 22a and the discrete spectral light LB 
emitted from the discrete spectral light source 22b are 
combined by the half mirror 23 and pass through the 
focusing lens 24, the pinhole element 26, and the collimating 

65 lens 28 that are shared. 
In the measurement device bOA, there are five positions 

conjugate to each other as described above. In the measure-
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ment device bA', four positions including one focusing 
position P1, a position where the discrete spectral light LA 
and LB are focused between the relay lenses 34 and 36, 
positions p1, p2. . . . .pn where the light is focused on the 
sample S, and a plurality of positions P31 to P3, conjugate 
to the overlapping regions In are conjugate to each other on 
the optical axis X. By sharing the focusing lens 24, the 
pinhole element 26, and the collimating lens 28 on the 
optical axis X of the discrete spectral light source 22a or 
22b, the measurement device bA' has four positions con-
jugate to each other. In the measurement device bA', the 
alignment of the focal points of the discrete spectral light 
sources 22a and 22b, which is performed by the measure-
ment device bA, is not required, and confocal characteris-
tics are improved and handling is facilitated. Also, according 
to the measurement device bA', the number of components 
of the light emitting part 11 can be reduced, and the size of 
the entire device can be reduced. 

In the above-described embodiments, the light emitting 
part 11 includes the first point light source 12A and the 
second point light source 12B. However, it is only necessary 
for the light emitting part 11 to emit the discrete spectral 
light LA and LB having different adjacent frequency inter-
vals toward the dispersing part 14, and the two light sources 
need not necessarily be provided. For example, the light 
emitting part 11 may include only one optical frequency 
comb source having a configuration of a loop-type resonator 
or another confguration. Within the configuration of the 
loop-type resonator, the laser light is amplified while the 
laser light is propagating clockwise and counterclockwise. 
In the configuration of the loop-type resonator, light having 
two mutually different wavelengths may be amplified while 
the light is propagating. Within the confguration of loop-
type resonator, two polarized light orthogonal to each other 
may be amplified while the polarized light is propagating. 
When an intensity of the laser light becomes greater than a 
predetermined intensity, discrete spectral light LA and LB is 
emitted from the configuration resonator. The discrete spec-
tral light LA and LB emitted from the optical frequency 
comb source can propagate in the same direction and can be 
incident on the dispersing part 14. By configuring the light 
emitting part 11 in a single optical frequency comb source as 
described above, the size and cost of the light emitting part 
11 can be reduced. 

In each of the above-described embodiments, the mea-
surement device includes the spatial filtering optical system 
18 and therefore it is possible to acquire information about 
the sample S at any position with high resolution in the 
direction along the optical axis X, i.e., in the thickness 
direction of the sample 5, when the sample S has a thickness 
as in a cell or the like. However, when it is only necessary 
to obtain information of only a position where a reagent is 
added to the sample S in the direction along the optical axis 
X or when phase information of a fluorescence beat is 
acquired, the spatial filtering optical system 18 can be 
omitted. 

In view of the fact that the measurement device can be 
changed as described above, it is only necessary for the 
measurement device of the present invention to include at 
least the light emitting part 11, the dispersing part 14, the 
focusing part 16 or the first focusing part 15, and the 
detecting part 20. The light emitting part 11 emits a plurality 
of spectral light including two or more spectra distributed at 
mutually different frequencies. Adjacent frequency intervals 
are different in each of the plurality of spectral lights. It is 
only necessary for the light emitting part 11 to emit a 
plurality of spectral lights and the light emitting part 11 need 

26 
not necessarily be a light source. The light emitting part 11 
may be a splitting part associated with another measurement 
device in a configuration in which a plurality of spectral light 
are split from another measurement device and emitted to 

5 the measurement device of the present invention. The detect-
ing part 20 acquires a signal of a fluorescence beat that emits 
light due to the interference light beat in each of the plurality 
of overlapping regions In and includes information of the 
sample S. 

10 

LISTING OF REFERENCE NUMERALS 

bA, bA', lOB, 1OC: Measurement devices. 

15 
11: Light emitting part. 
14: Dispersing part. 
15: First focusing part. 
16: Focusing part. 
17: Second focusing part. 

20 19: Separating part. 
18: Spatial filtering optical system (spatial filtering part). 
20: Detecting part. 
12: Point light source (light source). 
32: Dispersing element. 

25 LA, LB: Discrete spectral light. 
p1, p2. . . . .pn: Different positions on sample and 

focusing positions on sample. 
P3: Conjugate position. 
5: Sample. 

30 

What is claimed is: 
1. A measurement device, comprising: 
a plurality of light sources configured to each emit spec-

tral light including two or more spectra distributed at 
mutually different frequencies, wherein adjacent fre-
quency intervals that are frequency intervals of adja-
cent spectra of the spectral light are mutually different; 

a dispersing part configured to disperse a plurality of 

40 spectral lights emitted from the plurality of light 
sources in mutually different directions according to 
each spectrum; 

a focusing part configured to focus the spectra specific to 
the light sources dispersed by the dispersing part at a 

45 plurality of different focal points on a sample and cause 
a plurality of focal points based on one light source to 
overlap a plurality of focal points based on another 
light source; 

a spatial filtering part configured to focus fluorescence 
50 beats including information of the sample on which 

light is focused by the focusing part and which emits 
light by interference light beats in each of a plurality of 
overlapping portions where the focal points on the 
sample overlap at positions conjugate to the overlap-

55 ping portions and perform spatial filtering on the fluo-
rescence beats; and 

a detecting part configured to acquire a signal of the 
fluorescence beats on which the spatial filtering has 
been performed by the spatial filtering part and which 

60 has been emitted from the plurality of overlapping 
portions including the information of the sample. 

2. The measurement device according to claim 1, wherein 
each of the plurality of light sources is an optical frequency 
comb light source configured to emit spectra in which 

65 adjacent frequency intervals which are intervals of frequen-
cies of the spectra adjacent on a frequency axis are equal to 
each other as the spectral light. 
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3. The measurement device according to claim 1, 
wherein the dispersing part includes a dispersing element 

configured to perform wavelength dispersion on inci-
dent light, and 

wherein the dispersing part performs wavelength disper-
sion on the spectral light emitted from the light source 
by the dispersing element in a direction differing 
according to each spectrum. 

4. The measurement device according to claim 1, 
wherein the plurality of light sources include at least a first 

light source configured to emit first spectral light in 
which a frequency interval of the adjacent spectrum is 
a first adjacent frequency interval and a second light 
source configured to emit second spectral light in which 
a frequency interval of the adjacent spectrum is a 
second adjacent frequency interval, and 

wherein a frequency interval between closest adjacent 
spectra is less than half of the first adjacent frequency 
interval and half of the second adjacent frequency 
interval when the first spectral light and the second 
spectral light are arranged on the same frequency axis. 

5. The measurement device according to claim 1, further 
comprising a control part configured to control a carrier 
envelope offset frequency or an adjacent frequency interval 
of spectral light emitted by at least one light source of the 
plurality of light sources. 

6. The measurement device according to claim 5, wherein 
the spatial filtering part comprises a spatial optical modu-
lator capable of changing a position or a shape of light to be 
transmitted in accordance with the offset frequency and the 
adjacent frequency interval of the spectral light controlled 
by the control part. 

7. An irradiation device, comprising: 
a plurality of light sources configured to each emit spec-

tral light including two or more spectra distributed at 
mutually different frequencies, wherein adjacent fre-
quency intervals that are frequency intervals of adja-
cent spectra of the spectral light are mutually different; 

a dispersing part configured to disperse a plurality of the 
spectral lights emitted from the plurality of light 
sources in mutually different directions according to 
each spectrum; and 

a focusing part configured to focus the spectra specific to 
the light sources dispersed by the dispersing part at a 
plurality of different focal points on a sample and cause 
a plurality of focal points according to one light source 
to overlap a plurality of focal points according to 
another light source. 

8. The irradiation device according to claim 7, 
wherein the plurality of light sources include at least a first 

light source configured to emit first spectral light in 
which a frequency interval of the adjacent spectrum is 
a first adjacent frequency interval and a second light 
source configured to emit second spectral light in which 
a frequency interval of the adjacent spectrum is a 
second adjacent frequency interval, and 

wherein a frequency interval between closest adjacent 
spectra is less than half of the first adjacent frequency 
interval and half of the second adjacent frequency 
interval when the first spectral light and the second 
spectral light are arranged on the same frequency axis. 

9. The irradiation device according to claim 7, 
wherein the plurality of light sources simultaneously 

irradiate irradiation light to focal points on a sample, 
and 

wherein the irradiation light from the light sources mutu-
ally interferes at the focal points on the sample. 

28 
10. An irradiation device, comprising: 
a first light source configured to emit first light having 

frequency components of a plurality of frequency val-
ues which are discrete; 

5 a second light source configured to emit second light 
having frequency components of a plurality of fre-
quency values which are discrete and different from the 
first light; and 

a dispersing and focusing part confgured to disperse the 
10 first light and the second light and focus the first 

irradiation light and the second irradiation light so that 
parts of both a first irradiation region of first irradiation 
light having a frequency component of a first frequency 
value according to the first light and a second irradia-

15 tion region of second irradiation light having a fre-
quency component of a second frequency value accord-
ing to the second light overlap, 

wherein the first irradiation light and the second irradia-
tion light are simultaneously irradiated so that a differ-

20 ence between the first frequency value and the second 
frequency value is less than or equal to a difference 
between the first frequency value of the first light and 
a frequency value adjacent thereto. 

11. A measurement device, comprising: 
25 a light emitting part configured to emit a plurality of 

spectral lights each including two or more spectra 
distributed at mutually different frequencies, wherein 
adjacent frequency intervals that are frequency inter-
vals of adjacent spectra in each of the plurality of the 

30 spectral lights are mutually different; 
a dispersing part configured to disperse the plurality of the 

spectral lights emitted from the light emitting part in 
mutually different directions according to each spec-
tn ; 

35 a focusing part configured to focus the spectra dispersed 
by the dispersing part at a plurality of different focal 
points on a sample and cause a plurality of focal points 
based on one of the spectral lights to overlap a plurality 
of focal points based on another of the spectral lights; 

40 and 
a detecting part configured to acquire a signal of fluores-

cence beats including information of the sample on 
which light is focused by the focusing part and which 
emits light by interference light beats in each of a 

45 plurality of overlapping regions where the focal points 
on the sample overlap. 

12. The measurement device according to claim 11, 
wherein the light emitting part has a plurality of light sources 
configured to each emit two of the spectral lights having the 

50 adjacent frequency intervals which are mutually different. 
13. The measurement device according to claim 11, 

further comprising a spatial filtering part confgured to focus 
fluorescence beats including information of the sample on 
which light is focused by the focusing part and which emits 

55 light by interference light beats in each of a plurality of 
overlapping regions where the focal points on the sample 
overlap at positions conjugate to the overlapping regions and 
perform spatial filtering on the fluorescence beats, 

wherein the detecting part acquires a signal of the fluo-
60 rescence beats on which the spatial filtering has been 

performed in the spatial filtering part. 
14. The measurement device according to claim 1 or 11, 

wherein the detecting part acquires phase information of the 
fluorescence beats. 

65 15. An irradiation device, comprising: 
a light emitting part configured to emit spectral light 

including two or more spectra distributed at mutually 
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different frequencies, wherein adjacent frequency inter-
vals that are frequency intervals of adjacent spectra of 
the spectral light are mutually different; 

a dispersing part configured to disperse a plurality of 
spectral lights emitted from the light emitting part in 
mutually different directions according to each spec-
trum; and 

a focusing part configured to focus the spectra specific to 
light sources dispersed by the dispersing part at a 
plurality of different focal points on a sample and cause 
a plurality of focal points based on one light source to 
overlap a plurality of focal points based on another 
light source. 

16. A measurement device, comprising: 
a plurality of light sources configured to each emit spec-

tral light including two or more spectra distributed at 
mutually different frequencies, wherein adjacent fre-
quency intervals that are frequency intervals of adja-
cent spectra of the spectral light are mutually different; 

30 
a dispersing part configured to disperse a plurality of 

spectral lights emitted from the plurality of light 
sources in mutually different directions according to 
each spectrum; 

a focusing part configured to focus the spectra specific to 
the light sources dispersed by the dispersing part at a 
plurality of different focal points on a sample and cause 
a plurality of focal points based on one light source to 

10 overlap a plurality of focal points based on another 
light source; 

a detecting part configured to acquire a signal of the 
fluorescence beats including information of the sample 
on which light is focused by the focusing part and 

15 which emits light by interference light beats in each of 
a plurality of overlapping portions where the focal 
points on the sample overlap. 

* * * * * 
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