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(54) DETECTION DEVICE AND MICROSCOPE SYSTEM

(57) Observation in which the properties of a detec-
tion element are utilized is performed. Provided is a de-
tection device (7) including: a detector (47) that has a
linear response characteristic, in which an output signal
changes linearly, and a nonlinear response characteris-
tic, in which the output signal changes nonlinearly, and
that detects light from a sample (S) and outputs the output
signal in accordance with the intensity of the light; a light
detection circuit (49) that is capable of switching between

a first amplification factor and a second amplification fac-
tor, the light detection circuit (49) amplifying the output
signal output from the detector (47) based on the first
amplification factor or the second amplification factor so
as to generate a brightness signal; and an input unit (51)
with which a user is allowed to switch the amplification
factor for the output signal to be used between the first
amplification factor and the second amplification factor.
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Description

{Technical Field}

[0001] The present invention relates to detection de-
vices and microscope systems.

{Background Art}

[0002] A known microscope device in the related art
changes the gain of a detection element that detects light
from a sample (for example, see Patent Literature 1 and
Patent Literature 2). The microscope device according
to Patent Literature 1 acquires images by changing the
gain of a detector, and cuts and pastes an image acquired
at a low gain and an image acquired at a high gain based
on a certain threshold value so as to generate an image
with an overall high signal-to-noise ratio. The microscope
device according to Patent Literature 2 changes the off-
set, gain, and high voltage (HV) so as to measure the
dynamic range of an output signal from a detection ele-
ment, thereby automatically setting an optimal observa-
tion parameter.

{Citation List}

{Patent Literature}

[0003]

{PTL 1}
Japanese Unexamined Patent Application, Publica-
tion No. 2007-041120
{PTL 2}
Japanese Unexamined Patent Application, Publica-
tion No. Hei 09-236750

{Summary of Invention}

{Technical Problem}

[0004] However, Patent Literature 1 does not mention
a method of utilizing the properties, such as the dynamic
range and the linearity of the output signal output from
the detection element, to the maximum. Patent Literature
2 only mentions the viewpoint of the dynamic range of
the output signal output from the detection element, but
does not mention an observation method that places im-
portance on linearity. Therefore, Patent Literature 1 and
Patent Literature 2 are problematic in that the properties
of the detection element cannot be sufficiently utilized in
accordance with the intended purpose of the observation.
[0005] The present invention has been made in view
of the circumstances described above, and an object
thereof is to provide a detection device and a microscope
system that can perform observation in which the prop-
erties of a detection element are utilized to the maximum
in accordance with the intended purpose of the observa-

tion.

{Solution to Problem}

[0006] In order to solve the aforementioned problems,
the present invention employs the following solutions.
[0007] A first aspect of the present invention provides
a detection device including: a detection element that
has a linear response characteristic, in which an output
signal changes linearly with respect to an input light in-
tensity smaller than or equal to a predetermined value,
and a nonlinear response characteristic, in which the out-
put signal changes nonlinearly with respect to an input
light intensity larger than the predetermined value, and
that detects light from a sample and outputs the output
signal in accordance with the intensity of the light; a de-
tection circuit that is capable of switching between a first
amplification factor based on which the output signal
within a linear response characteristic range falls within
a predetermined brightness-signal taking range and a
second amplification factor that is lower than the first am-
plification factor and based on which the output signal
including a nonlinear response characteristic range falls
within the predetermined brightness-signal taking range,
the detection circuit amplifying the output signal output
from the detection element so as to generate a brightness
signal; and an input unit with which an operator is allowed
to switch the amplification factor for the output signal to
be used by the detection circuit between the first ampli-
fication factor and the second amplification factor.
[0008] According to this aspect, if the output signal out-
put from the detection element is within the linear re-
sponse characteristic range, high-resolution information
of the sample is obtained, although the brightness is low.
In contrast, if the output signal includes the nonlinear
response characteristic range, bright information of the
sample is obtained, although the resolution is insufficient.
In this case, by amplifying the output signal in the linear
response characteristic range based on the first amplifi-
cation factor so as to generate a brightness signal within
the predetermined brightness-signal taking range, obser-
vation in which the brightness signal has quantitative
characteristics can be performed. In contrast, by ampli-
fying the output signal including the nonlinear response
characteristic range based on the second amplification
factor, which is lower than the first amplification factor,
so as to generate a brightness signal within the prede-
termined brightness-signal taking range, wide-dynamic-
range observation can be performed without causing sat-
uration of the brightness signal to occur.
[0009] Therefore, the operator uses the input unit to
appropriately change the amplification factor of the de-
tection circuit to the first amplification factor or the second
amplification factor in accordance with the response
characteristic of the output signal output from the detec-
tion element, so that observation in which the properties
of the detection element are utilized to the maximum can
be performed in accordance with the intended purpose
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of the observation.
[0010] In the above aspect, the detection device may
further include an interpolator that performs linear inter-
polation by multiplying an inverse function of the nonlin-
ear response characteristic by the brightness signal ob-
tained as a result of amplifying the output signal including
the nonlinear response characteristic range based on the
second amplification factor.
[0011] According to this configuration, the quantitative
characteristics can be improved with respect to a bright-
ness signal that prioritizes the dynamic range.
[0012] A second aspect of the present invention pro-
vides a microscope system including: an objective lens
that focuses light from a sample; the aforementioned de-
tection device that detects the light focused by the ob-
jective lens so as to generate the brightness signal; and
an image forming unit that forms an image based on the
brightness signal generated by the detection circuit.
[0013] According to this aspect, by using the detection
device that can utilize the properties of the detection el-
ement to the maximum in accordance with the intended
purpose of the observation, desired observation can be
achieved with respect to the sample to be observed.
[0014] In the above aspect, in a case where the bright-
ness signal generated by amplifying the output signal
within the linear response characteristic range based on
the first amplification factor is saturated, the image form-
ing unit may form the image such that a pixel based on
the brightness signal is distinguishable from another pix-
el.
[0015] According to this configuration, pixels corre-
sponding to saturated brightness signals can be readily
ascertained in a high-resolution image in which quanti-
tative characteristics are desirably ensured.

{Advantageous Effects of Invention}

[0016] The present invention is advantageous in that
observation in which the properties of a detection ele-
ment are utilized to the maximum can be performed in
accordance with the intended purpose of the observation.

{Brief Description of Drawings}

[0017]

{Fig. 1} Fig. 1 schematically illustrates the configu-
ration of a microscope system according to an em-
bodiment of the present invention.
{Fig. 2} Fig. 2 is a graph illustrating an example of
response characteristics of an output signal of a de-
tection element in Fig. 1.
{Fig. 3} Fig. 3 schematically illustrates the configu-
ration of a detection circuit in Fig. 1.
{Fig. 4} Fig. 4 schematically illustrates the configu-
ration of a detection circuit according to a modifica-
tion of the embodiment of the present invention.

{Description of Embodiments}

[0018] A detection device and a microscope system
according to an embodiment of the present invention will
be described below with reference to the drawings.
[0019] As shown in Fig. 1, a microscope system 1 ac-
cording to this embodiment includes: a light source unit
3 that generates laser light; a microscope device 5; a
detection device 7 that detects fluorescence from a sam-
ple S; a control device 9 that controls the microscope
device 5, the light source unit 3, and the detection device
7; a personal computer (PC, image forming unit) 11 that
forms an image; and a monitor 13 that displays, for ex-
ample, an image and a graphical user interface (GUI).
[0020] The light source unit 3 is, for example, a multi-
ple-wavelength laser light source. The light source unit
3 includes lasers 15A and 15B, such as supercontinuum
lasers that generate laser light, a reflecting mirror 17 that
reflects the laser light emitted from the laser 15A, a di-
chroic mirror 19, and a light-level adjusting unit 21, such
as an acousto-optic element. The dichroic mirror 19
transmits the laser light reflected by the reflecting mirror
17, reflects the laser light emitted from the laser 15B, and
combines the optical paths of these beams of laser light.
The light-level adjusting unit 21 adjusts the light level of
the laser light whose optical path has been combined by
the dichroic mirror 19.
[0021] The light source unit 3 causes the lasers 15A
and 15B to generate beams of laser light and causes the
light-level adjusting unit 21 to control wavelength selec-
tion and intensity adjustment of these beams of laser
light, so that laser light in a predetermined wavelength
band and with a predetermined intensity can be emitted.
[0022] The microscope device 5 includes a micro-
scope body 23 having a stage 31 on which the sample
S is placed, a scanner 25 that scans the laser light from
the light source unit 3, a pupil projection lens 27 that
focuses the laser light scanned by the scanner 25, and
a reflecting mirror 29 that reflects the laser light focused
by the pupil projection lens 27 toward the microscope
body 23.
[0023] The scanner 25 may be, for example, a galva-
nometer mirror, a resonant scanner, or an acousto-optic
deflector (AOD).
[0024] In addition to the stage 31 mentioned above,
the microscope body 23 includes an imaging lens 33 that
converts the laser light reflected by the reflecting mirror
29 into collimated light, an objective lens 35, and a re-
volver 37. The objective lens 35 radiates the laser light
converted into collimated light by the imaging lens 33
onto the sample S on the stage 31, and focuses fluores-
cence generated in the sample S. The revolver 37 sup-
ports a plurality of objective lenses 35 having different
magnifying powers in a switchable manner.
[0025] The microscope device 5 includes a dichroic
mirror 39 that splits the fluorescence, collected by the
objective lens 35 and returning along the optical path of
the laser light, from the optical path of the laser light, a
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focusing lens 41 that focuses the fluorescence split from
the optical path of the laser light by the dichroic mirror
39, a pinhole 43 through which, of the fluorescence fo-
cused by the focusing lens 41, only fluorescence gener-
ated at a focal position of the objective lens 35 in the
sample S is allowed to pass, and a collimating lens 45
that converts the fluorescence passing through the pin-
hole 43 into collimated light and causes the collimated
light to enter the detection device 7.
[0026] The detection device 7 includes a detector (de-
tection element) 47 that detects the fluorescence con-
verted into collimated light by the collimating lens 45 and
outputs an output signal in accordance with the light in-
tensity thereof, a light detection circuit (detection circuit)
49 that processes the output signal output from the de-
tector 47, and an input unit 51 with which a user (operator)
is allowed to input a command to be sent to the light
detection circuit 49.
[0027] The detector 47 may be, for example, a photo-
electric conversion element, such as a silicon photomul-
tiplier (SIPM). As shown in Fig. 2, the detector 47 has a
linear response characteristic in which the output signal
changes linearly with respect to an input light intensity
smaller than or equal to a predetermined value, and has
a nonlinear response characteristic in which the output
signal changes nonlinearly with respect to an input light
intensity larger than the predetermined value.
[0028] For example, as shown in Fig. 3, the light de-
tection circuit 49 includes an amplifier 53 that converts
the output signal output from the detector 47 into voltage
from electric current, an analog-to-digital converter
(ADC) 55 that performs analog-to-digital conversion on
the output signal converted into voltage by the amplifier
53, an arithmetic processing unit 57 that processes the
output signal output from the ADC 55 into a pixel bright-
ness signal, and a gain change controller 59 that changes
and controls the amplification factor of the output signal
to be converted into voltage from electric current by the
amplifier 53.
[0029] The amplifier 53 includes an inverting input ter-
minal (-), a noninverting input terminal (+), and an output
terminal. Resistors 61 and 63 are connected in parallel
between the inverting input terminal (-) and the output
terminal of the amplifier 53. The noninverting input ter-
minal (+) is connected to ground. Moreover, the amplifier
53 is provided with a switch 65 for switching between a
resistance mode and a nonresistance mode by means
of the resistor 63.
[0030] The amplifier 53 is capable of switching be-
tween a first amplification factor with a high gain setting
based on which an output signal in the linear response
characteristic range of the detector 47 shown in Fig. 2
falls within a predetermined brightness-signal taking
range and a second amplification factor with a gain set-
ting, that is, a lower gain setting than the first amplification
factor, based on which an output signal including the non-
linear response characteristic range of the detector 47
shown in Fig. 2 falls within the predetermined brightness-

signal taking range. The predetermined brightness-sig-
nal taking range corresponds to, for example, an input
range (e.g., 12 bits) of the ADC 55.
[0031] In accordance with the user’s command sent
from the input unit 51, the first amplification factor with
the high gain setting is set in the amplifier 53 when the
switch 65 is turned off (opened), whereas the second
amplification factor with the low gain setting is set in the
amplifier 53 when the switch 65 is turned on (closed).
[0032] The input unit 51 is constituted of an input de-
vice, such as a mouse and/or a keyboard, and is capable
of receiving various types of setting information in ac-
cordance with the GUI displayed on the monitor 13. The
GUI displayed on the monitor 13 displays a mode switch-
ing function for switching between a "linearity priority
mode", in which the first amplification factor is set such
that the output signal within the linear response charac-
teristic range of the detector 47 shown in Fig. 2 falls within
the input range (12 bits) of the ADC 55, and a "dynamic-
range priority mode", in which the second amplification
factor is set such that the output signal including the non-
linear response characteristic range of the detector 47
shown in Fig. 2 falls within the input range (12 bits) of the
ADC 55. The user may use the input unit 51 to switch
between the "linearity priority mode" and the "dynamic-
range priority mode".
[0033] When the user uses the input unit 51 to select
one of the modes by means of the mode switching func-
tion on the GUI, the gain change controller 59 switches
between the on and off modes of the switch 65 of the
amplifier 53 in accordance with mode selection informa-
tion sent via the control device 9.
[0034] The arithmetic processing unit 57 converts the
output signal sent from the ADC 55 into brightness infor-
mation for each pixel corresponding to the scan position
of the scanner 25.
[0035] The control device 9 controls the light-level ad-
justment of the laser light performed by the light-level
adjusting unit 21 of the light source unit 3 and also con-
trols the scanning of the laser light performed by the scan-
ner 25.
[0036] The PC 11 integrates the brightness information
sent from the arithmetic processing unit 57 via the control
device 9 for each pixel so as to generate an image of the
sample S.
[0037] The operation of the detection device 7 and the
microscope system 1 having the above-described con-
figuration will now be described.
[0038] In order to observe the sample S by using the
microscope system 1 according to this embodiment, the
sample S is first placed on the stage 31, and the laser
15A or the laser 15B of the light source unit 3 is caused
to generate laser light. The light level of the laser light is
then adjusted by the light-level adjusting unit 21, and the
laser light is output therefrom. In addition, the user uses
the input unit 51 to select the "linearity priority mode" or
the "dynamic-range priority mode" by means of the mode
switching function on the GUI displayed on the monitor
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13.
[0039] The laser light output from the light source unit
3 is reflected by the dichroic mirror 39 and is scanned by
the scanner 25. Subsequently, the laser light is focused
by the pupil projection lens 27, is reflected by the reflect-
ing mirror 29, is converted into collimated light by the
imaging lens 33, and is radiated onto the sample S by
the objective lens 35.
[0040] Fluorescence generated in the sample S as a
result of being irradiated with the laser light is collected
by the objective lens 35, travels back along the optical
path of the laser light via the imaging lens 33, the reflect-
ing mirror 29, the pupil projection lens 27, and the scanner
25, is transmitted through the dichroic mirror 39, and is
split from the optical path of the laser light.
[0041] The fluorescence split from the optical path of
the laser light by the dichroic mirror 39 is focused by the
focusing lens 41 and is partially transmitted through the
pinhole 43. The fluorescence is then converted into col-
limated light by the collimating lens 45 and is detected
by the detector 47.
[0042] When the fluorescence is detected by the de-
tector 47, an output signal with a magnitude according
to the intensity of detected fluorescence is output from
the detector 47. The amplifier 53 then converts the output
signal from electric current into voltage. Moreover, in ac-
cordance with the selection information about the mode
selected by the user, which is sent from the input unit 51
via the control device 9, the gain change controller 59
switches between on and off modes of the switch 65 of
the amplifier 53, so that the output signal is amplified
based on the first amplification factor with the high gain
setting or the second amplification factor with the low
gain setting.
[0043] The output signal amplified by the amplifier 53
undergoes analog-to-digital conversion performed by the
ADC 55, is subsequently processed into a pixel bright-
ness signal by the arithmetic processing unit 57, and is
then input to the PC 11 via the control device 9. Then,
the PC 11 integrates the brightness information for each
pixel so as to generate an image of the sample S. The
image is then displayed on the monitor 13.
[0044] If the output signal output from the detector 47
is within the linear response characteristic range, high-
resolution information of the sample S is obtained, al-
though the brightness is low. In contrast, if the output
signal output from the detector 47 includes the nonlinear
response characteristic range, bright information of the
sample S is obtained, although the resolution is insuffi-
cient.
[0045] In this case, by amplifying the output signal in
the linear response characteristic range of the detector
47 based on the first amplification factor in accordance
with the linearity priority mode so as to generate a bright-
ness signal within the predetermined brightness-signal
taking range, observation in which the brightness signal
has quantitative characteristics can be performed. In con-
trast, by amplifying the output signal including the non-

linear response characteristic range of the detector 47
based on the second amplification factor, which is lower
than the first amplification factor, in accordance with the
dynamic-range priority mode so as to generate a bright-
ness signal within the predetermined brightness-signal
taking range, wide-dynamic-range observation can be
performed without causing saturation of the brightness
signal to occur.
[0046] Therefore, in the detection device 7 and the mi-
croscope system 1 according to this embodiment, the
user uses the input unit 51 to appropriately change the
amplification factor of the light detection circuit 49 to the
first amplification factor or the second amplification factor
in accordance with the response characteristic of the out-
put signal output from the detector 47, so that observation
in which the properties of the detector 47 are utilized to
the maximum can be performed in accordance with the
intended purpose of the observation.
[0047] As an alternative to this embodiment in which
the amplification factor is changed in the amplifier 53, for
example, the ADC 55 may have the gain changing func-
tion, as shown in Fig. 4, and the gain change controller
59 may control the gain changing mechanism of the ADC
55 in accordance with the selection information about the
mode selected by the user by means of the mode switch-
ing function in the GUI of the input unit 51, so as to change
the amplification factor for the output signal. In this case,
the amplifier 53 does not need to be equipped with the
resistor 63 and the switch 65, so that a simple configu-
ration can be achieved.
[0048] This embodiment may be modified as follows.
[0049] For example, in a first modification, an interpo-
lator (not shown) may be provided such that the interpo-
lator performs linear interpolation by multiplying an in-
verse function of the nonlinear response characteristic
by a brightness signal obtained as a result of amplifying
the output signal including the nonlinear response char-
acteristic range of the detector 47 based on the second
amplification factor in the dynamic-range priority mode.
[0050] Accordingly, the quantitative characteristics
can be improved with respect to a brightness signal that
prioritizes the dynamic range. In this modification, for ex-
ample, when the interpolator performs linear interpola-
tion on the brightness signal, the bit length of the ADC
55 may be exceeded.
[0051] In a second modification, for example, the GUI
may have a ratio mode, which is an observation setting
mode, in which a so-called ratio imaging method for ob-
serving the activity of the sample S, which is a living sam-
ple, in real time is executed, as in fluorescence live im-
aging.
[0052] Ratio imaging involves measuring the ratio be-
tween the intensities of two types of fluorescence emitted
from a single fluorescence probe molecule by using a
probe whose intensity of fluorescence changes in ac-
cordance with changes in ion concentration, film poten-
tial, and pH, and then observing the activity of a target
vital phenomenon from the amount of change in the ratio.
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[0053] In ratio imaging, the intensities of the two types
of fluorescence have to be measured with accuracy.
Therefore, when the user uses the input unit 51 to set
the ratio mode for performing ratio imaging via the GUI,
the linearity priority mode may be automatically selected.
[0054] Accordingly, accurate measurement can be
performed without the user being conscious of the ob-
servation settings.
[0055] In a third modification, in a case where the lin-
earity priority mode is selected, if the brightness signal
generated by amplifying the output signal within the linear
response characteristic range of the detector 47 based
on the first amplification factor is saturated, the PC 11
may form an image in which pixels based on the bright-
ness signal are displayed in an overlaid manner such
that the pixels are distinguishable from other pixels.
[0056] Accordingly, pixels corresponding to saturated
brightness signals can be readily ascertained in a high-
resolution image in which the desired quantitative char-
acteristics are ensured.

{Reference Signs List}

[0057]

1 microscope system
7 detection device
11 PC (image forming unit)
35 objective lens
47 detector (detection element)
49 light detection circuit (detection circuit)
51 input unit
S sample

Claims

1. A detection device comprising:

a detection element that has a linear response
characteristic, in which an output signal changes
linearly with respect to an input light intensity
smaller than or equal to a predetermined value,
and a nonlinear response characteristic, in
which the output signal changes nonlinearly with
respect to an input light intensity larger than the
predetermined value, and that detects light from
a sample and outputs the output signal in ac-
cordance with the intensity of the light;
a detection circuit that is capable of switching
between a first amplification factor based on
which the output signal within a linear response
characteristic range falls within a predetermined
brightness-signal taking range and a second
amplification factor that is lower than the first
amplification factor and based on which the out-
put signal including a nonlinear response char-
acteristic range falls within the predetermined

brightness-signal taking range, the detection cir-
cuit amplifying the output signal output from the
detection element so as to generate a brightness
signal; and
an input unit with which an operator is allowed
to switch the amplification factor for the output
signal to be used by the detection circuit be-
tween the first amplification factor and the sec-
ond amplification factor.

2. The detection device according to Claim 1, further
comprising:

an interpolator that performs linear interpolation
by multiplying an inverse function of the nonlin-
ear response characteristic by the brightness
signal obtained as a result of amplifying the out-
put signal including the nonlinear response
characteristic range based on the second am-
plification factor.

3. A microscope system comprising:

an objective lens that focuses light from a sam-
ple;
the detection device according to Claim 1 or 2
that detects the light focused by the objective
lens so as to generate the brightness signal; and
an image forming unit that forms an image based
on the brightness signal generated by the de-
tection circuit.

4. The microscope system according to Claim 3,
wherein in a case where the brightness signal gen-
erated by amplifying the output signal within the lin-
ear response characteristic range based on the first
amplification factor is saturated, the image forming
unit forms the image such that a pixel based on the
brightness signal is distinguishable from another pix-
el.
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