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/59
TEMPERATURE 25° 40°C
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FIG. 8A
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TEMPERATURE 25°C e | 40°C

R DRIVE CURRENT mA 150 P 200

G DRIVE CURRENT mA 125 P 200

B DRIVE CURRENT mA 100 P 200
FIG. 8B
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TEMPERATURE 95°C e 40°C
RDIVISIONRATIO (nR)) | 0.20 o 0.30
R LIGHT EMSSION QUANTITY (LR) .

CHANGE MAGNFICATION 0.85 1.00
GDIVISONRATIO(n.G) | 0.15 . 0.30
& LIGHT EMISSION CUMNTITY (L) N

CHANGE HAGNIFICATION 0.90 1.00
B DIVISION RATIO (n.B) 0.10 o 0.30
B LIGHT EMISSION CUMNTITY (LB} o

CHANGE MAGNFICATION 0.85 1.00
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LIGHT SOURCE DEVICE FOR ENDOSCOPE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
PCT/IP2017/000572 filed on Jan. 11, 2017 and claims
benefit of Japanese Application No. 2016-043616 filed in
Japan on Mar. 7, 2016, the entire contents of which are
incorporated herein by this reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a light source
device for an endoscope, which emits a laser beam to a
scanning type endoscope.

2. Description of the Related Art

[0003] An endoscope using an image pickup device has
been widely adopted in a medical field and others. In recent
years, various types of scanning type endoscopes which
guide, through an optical fiber, a laser beam generated by a
light source device and scan with the laser beam for irradi-
ating a site to be inspected, have been proposed. In the
scanning type endoscope, use of an optical fiber offers an
advantage that a diameter of an insertion portion can be
reduced and the endoscope can be inserted in a thin tube-like
site such that observation and inspection can be performed.
[0004] In this case, in order to use laser beams, the
maximum light quantity and the total light quantity, in a
fixed time period, of laser beams emitted from the light
source device to the scanning type endoscope which is
external to the light source device need to satisfy the laser
safety standards.

[0005] For example, in a fifth embodiment (FIG. 7) of
Japanese Patent Application Laid-Open Publication No.
2015-19816 as a conventional example, red, green, and blue
laser beams emitted from a semiconductor light source are
multiplexed by a multiplexer, a part of the multiplexed laser
beam proportional to the entire output thereof is demulti-
plexed by a demultiplexer, the light quantity of the demul-
tiplexed part of the output is detected by a light quantity
monitor, an output from the light quantity monitor is out-
putted to a system controller, and the system controller
monitors the intensity of a laser beam (illumination light) to
be outputted to an optical fiber through which the laser beam
is to be guided in the endoscope. Japanese Patent Applica-
tion Laid-Open Publication No. 2015-19816 further dis-
closes maintaining the intensity of illumination light so as to
satisfy the laser safety standards. Further, in this conven-
tional example, a temperature sensor is provided to a con-
nection portion of the main body thereof, and the output
from the temperature sensor is outputted to the system
controller, and the system controller enables management of
the temperature of the connection portion of the main body.

SUMMARY OF THE INVENTION

[0006] A light source device for an endoscope according
to one aspect of the present invention includes:

[0007] a first light emitting element configured to emit a
first laser beam of a first spectrum responding to a first
control signal,
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[0008] a second light emitting element configured to emit
a second laser beam of a second spectrum responding to a
second control signal;

[0009] abeam combiner which the first laser beam and the
second laser beam enter, the beam combiner being config-
ured to transmit a laser beam having a spectrum component
based on a synthesized spectrum of the first spectrum and the
second spectrum, and emit the laser beam as irradiation light
to the endoscope, and to emit a part of the laser beam as
monitoring light having an intensity at a predetermined
division ratio;

[0010] a temperature measuring section configured to
measure a temperature of the beam combiner; and

[0011] a light emission control section including a
memory holding a parameter regarding the division ratio at
aplurality of temperatures, the light emission control section
being configured to perform control, by outputting the first
control signal and the second control signal based on the
parameter corresponding to the temperatures, such that a
maximum light quantity of the irradiation light satisfies a
predetermined condition.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a diagram showing the entire configura-
tion of a scanning type endoscope apparatus;

[0013] FIG. 2 is a diagram showing the configuration of a
light source unit in a first embodiment of a light source
device for an endoscope of the present invention;

[0014] FIG. 3Ais a diagram showing an optical fiber in the
vicinity of a demultiplexer;

[0015] FIG. 3B is a diagram showing a transverse section
of the optical fiber at a distal end side portion which has not
been subjected to melting extension and is separated from
the demultiplexer in FIG. 3A;

[0016] FIG. 3C is a diagram illustrating a transverse
section of the optical fiber at the demultiplexer in FIG. 3A;
[0017] FIG. 4 is a diagram showing, in a table form,
information about division ratios at demultiplexers at a
plurality of temperatures stored in a memory;

[0018] FIG. 5 is a diagram showing one example of a
specific configuration of a comparison operation circuit;

[0019] FIG. 6 is a flowchart showing processes in the first
embodiment;
[0020] FIG. 7A is a diagram showing a table in which a

plurality of temperatures and RGB monitoring light quantity
values set by the values of RGB division ratios being taken
into consideration, are stored in association with each other
in the first embodiment;

[0021] FIG. 7B is a diagram showing a table which
corresponds to FIG. 7A, and in which the plurality of
temperatures and RGB monitoring light quantity values set
by the values of the RGB division ratios being taken into
consideration, are stored in association with each other;
[0022] FIG. 8Ais a diagram showing a table of RGB drive
currents associated with temperatures stored in the memory;
[0023] FIG. 8B is a diagram showing a table of the values
of magnifications for RGB drive currents at reference tem-
peratures, which are associated with temperatures stored in
the memory;

[0024] FIG. 9 is a diagram illustrating the configuration of
a light source unit of a second embodiment of the present
invention;

[0025] FIG. 10 is a diagram showing a lookup table
storing the values of RGB division ratios and the values of
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RGB light emission quantity change magnifications corre-
sponding to a plurality of temperatures; and

[0026] FIG.11 is a diagram showing a lookup table storing
the values of RGB drive currents at the plurality of tem-
peratures obtained by taking the RGB division ratios into
consideration.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0027] Hereinafter, embodiments of the present invention
are described with reference to the drawings.

First Embodiment

[0028] As illustrated in FIG. 1, a scanning type endoscope
apparatus 1 includes a scanning type endoscope 2 which
scans with irradiation light (or illumination light), a body
device (or scanning type endoscope control device) 4 to
which the scanning type endoscope 2 is attachably/detach-
ably connected and in which a light source unit 3 forming an
endoscope light source device of the first embodiment is
incorporated, and a display device 5 which displays an
image of image signals generated by the body device 4.
[0029] Irradiation light emitted from an optical connector
6 of the light source unit 3 enters a proximal end of an
optical fiber 7 forming a light guide section of the scanning
type endoscope 2 connected to the optical connector 6.
Irradiation light having entered the proximal end of the
optical fiber 7 is guided (transmitted) through the optical
fiber 7, and is emitted from a distal end surface of the optical
fiber 7 via a lens (not illustrated), and a subject 8 is irradiated
with the emitted irradiation light.

[0030] A distal end portion 2a of the scanning type endo-
scope 2 is provided with a scanning section (or scanner) 9
which, upon application of a drive signal thereto, oscillates
the distal end of the optical fiber 7 in two directions
orthogonal to the longitudinal direction. In addition, irradia-
tion light emitted from the oscillating distal end of the
optical fiber 7 scans, along a spiral trajectory, over the
subject 8.

[0031] A drive signal generating unit 10 provided in the
body device 4 applies a generated drive signal to the
scanning section 9 via a drive line 11.

[0032] Reflection light reflected by the subject 8 is inci-
dent on a distal end surface of a light receiving optical fiber
12. The reflection light incident on the distal end surface is
guided (transmitted) to a proximal end of the light receiving
optical fiber 12, and is emitted as signal light (or detection
light) from the proximal end. The signal light emitted from
the proximal end is received by an optical detector 14 of a
signal light detecting unit 13 provided in the body device 4
so as to face the proximal end, and undergoes photoelectric
conversion. The detection signal having undergone the pho-
toelectric conversion by the optical detector 14 is further
converted into a digital detection signal by an A/D converter
(not illustrated), and then, is inputted into an image gener-
ating circuit 16 in a controller 15.

[0033] The image generating circuit 16 generates, from
the inputted detection signal, an image signal in the case of
scanning the subject 8 along the spiral trajectory, and outputs
the generated image signal to the display device 5.

[0034] The image generating circuit 16 has a white bal-
ance adjusting circuit (abbreviated as “WB adjusting circuit”
in FIG. 1) 16a that performs white balance adjustment to
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make an image to be displayed on the display device 5 white
when the subject 8 is white. The white balance adjusting
circuit 16a performs adjustment to obtain a white balance
state by adjusting the respective gains of (variable gain)
amplifiers that amplify red (R), green (G), and blue (B)
image signal components (color signals) forming a color
image signal.

[0035] FIG. 2 illustrates a detailed configuration of the
light source unit 3. The light source unit 3 includes: a pigtail
laser diode unit (abbreviated as “pigtail LD unit”) 21 which
emits, inside the light source unit 3, laser beams within R,
G, B wavelength regions; an optical combiner 22 which
guides (transmits) the R laser beam, the G laser beam, and
the B laser beam (transmitted) from the pigtail LD unit 21
and emits irradiation light and monitoring light; a monitor-
ing light receiver 23 which receives the monitoring light
(emitted inside the light source unit 3); a temperature
measuring circuit 24 for measuring the temperature of an
area near the optical combiner 22; and a light emission
control circuit 25 which controls, in accordance with the
temperature measured by the temperature measuring circuit
24, the light quantity of light generated (emitted) by the
pigtail LD unit 21. Further, the light source unit 3 includes,
at a site where the optical combiner 22 emits irradiation
light, the optical connector 6 to which the proximal end of
the optical fiber 7 of the scanning type endoscope 2 is
attachably/detachably connected. FIG. 2 illustrates the con-
figuration example in which the monitoring light receiver 23
is disposed outside the optical combiner 22. However, the
optical combiner 22 may include the monitoring light
receiver 23, as indicated by a two-dot chain line.

[0036] The optical combiner 22 forming a beam combiner
emits the irradiation light to the outside of the light source
unit 3, and emits the monitoring light to the monitoring light
receiver 23 within the light source unit 3. Therefore, no
monitoring light is emitted to the outside of the light source
unit 3 (accordingly, the light quantity (power or intensity) of
the irradiation light emitted from the optical combiner 22 is
set so as to satisfy the condition of the laser safety stan-
dards).

[0037] The pigtail LD unit 21 includes an R pigtail LD
26R which emits an R laser beam, a G pigtail LD 26G which
emits a G laser beam, and a B pigtail LD 26B which emits
a B laser beam.

[0038] The R pigtail LD 26R includes an R_LD 27R
which serves as an R generating element for generating an
R laser beam having a spectrum within an R wavelength
region, a lens 28R which collects the R laser beam generated
by the R_LD 27R, a light guiding optical fiber 29R having
a proximal end which the R laser beam collected by the lens
28R enters, and a pigtail 30R which serves as a connection
member for connecting the R_LD 27R and the lens 28R to
the optical fiber 29R.

[0039] The configurations of the G pigtail LD 26G and the
B pigtail LD 26B are obtained by replacing the R laser beam
in the configuration of the R pigtail LD 26R with a G laser
beam having a spectrum within a G wavelength region and
a B laser beam having a spectrum within a B wavelength
region, respectively.

[0040] Therefore, when J (J=R, G, B) is used, the follow-
ing expression is possible: a pigtail LD 26] includes a J_LD
271 which serves as a J generating element for generating a
J laser beam having a spectrum within a J wavelength
region, a lens 28] which collects the J laser beam generated
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by the J_LD 27J, a light guiding optical fiber 29] having a
proximal end which the J laser beam collected by the lens
28] enters, and a pigtail 30J which serves as a connection
member for connecting the J_LD 27J and the lens 28] to the
optical fiber 297.

[0041] The J_LD 27] and the lens 28] may be integrated.
The pigtail refers to a connection member for connecting the
J_LD 27] (and the lens 281) to the optical fiber 29J.

[0042] The optical fibers 29R, 29G, 29B guide the R laser
beam, the G laser beam, and the B laser beam having entered
the proximal ends thereof to the distal end surfaces thereof,
respectively. At demultiplexers 31R, 31G, 31B in the optical
combiner 22, the R laser beam, the G laser beam, and the B
laser beam having entered the proximal ends of the optical
fibers 29R, 29G, 29B are each demultiplexed or divided into
two laser beams by a predetermined light quantity ratio
(intensity ratio or power ratio) while maintaining the respec-
tive spectrums unchanged.

[0043] More specifically, the demultiplexer 31R divides
the R laser beam incident thereon into a monitoring laser
beam (also referred to as monitoring light) M_R of a
division ratio n_R, which is a light quantity (or intensity)
ratio for light dividing, and an irradiation laser beam (also
referred to as irradiation light) I_R of a division ratio 1-n_R.

[0044] The irradiation laser beam 1_R guided through the
optical fiber 29R via the demultiplexer 31R enters a first
multiplexer 32A. The monitoring laser beam M_R guided
through the optical fiber 33R via the demultiplexer 31R
enters the monitoring light receiver 23.

[0045] The demultiplexer 31G divides the G laser beam
having entered the proximal end of the optical fiber 29G into
a monitoring laser beam (also referred to as monitoring
light) M_G of a division ratio n_G and an irradiation laser
beam (also referred to as irradiation light) I_G of a division
ratio 1-n_G. The irradiation laser beam 1_G guided through
the optical fiber 29G via the demultiplexer 31G enters the
first multiplexer 32A. The monitoring laser beam M_G
guided through the optical fiber 33G via the demultiplexer
31G enters the monitoring light receiver 23.

[0046] The demultiplexer 31B divides the B laser beam
having entered the proximal end of the optical fiber 29B into
a monitoring laser beam (also referred to as monitoring
light) M_B of a division ratio n_B and an irradiation laser
beam (also referred to as irradiation light) I_B of a division
ratio 1-n_B. The irradiation laser beam I_B guided through
the optical fiber 29B via the demultiplexer 31B enters a
second multiplexer 32B. The monitoring laser beam M_B
guided through the optical fiber 33B via the demultiplexer
31B enters the monitoring light receiver 23.

[0047] FIG. 3A illustrates one example of the structure of
(an area surrounding) the demultiplexer 31R, for example.

[0048] As a result of melting extension involving heating,
the optical fiber 29R through which the R laser beam is
guided is, at the demultiplexer 31R, in close contact with the
optical fiber 33R through which the monitoring laser beam
M_R is guided. That is, at the demultiplexer 31R, the two
optical fibers 29R, 33R in melted states are extended in the
longitudinal direction, and respective coatings (clads)
thereof in thinner states (compared to those before being
extended) are in close contact with each other, and the
demultiplexer 31R is formed. As indicated by dotted lines in
FIG. 3A, the optical fiber 33R on the left hand of the
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demultiplexer 31R is removed after the melting extension
(because this portion is not used for guiding the monitoring
laser beam M_R).

[0049] As illustrated in FIG. 3B, at the proximal end side
portion, of the optical fiber 29R, distant from the demulti-
plexer 31R and having not undergone melting extension, a
core 34a is coated with a coating (clad) 345 having a
prescribed thickness. As illustrated in FIG. 3C, at the demul-
tiplexer 31R where melting extension with the optical fiber
33R has been performed, the optical fiber 29R and the
optical fiber 33R are in close contact with each other with
the respective thicknesses of the coatings 345 thereof par-
ticularly reduced.

[0050] Since the coatings 346 are made thin, the R laser
beam guided through the optical fiber 29R from the left hand
(proximal end side) to the right hand in FIG. 3A partially
leaks, at the demultiplexer 31R, to the optical fiber 33R side
so that the monitoring laser beam M_R is generated. The
leakage rate depends on the thicknesses of the coatings 345.
The leakage rate also depends on the temperature, the
wavelength, or the like.

[0051] After passing through the demultiplexer 31R, an
irradiation laser beam I_R having a division ratio 1-n_R,
which has decreased by the division ratio n_R of the
monitoring laser beam M_R, is guided through the optical
fiber 29R to the first multiplexer 32A.

[0052] The configuration of the demultiplexer 31R has
been described with use of FIGS. 3A to 3C. Each of the
demultiplexers 31G, 31B has the same configuration. The
first multiplexer 32A multiplexes the irradiation laser beam
I_R having been guided through the optical fiber 29R and
the irradiation laser beam I_G having been guided through
the optical fiber 29G, and an irradiation laser beam I_RG
which is a resultant beam having been multiplexed is guided
through the optical fiber 35 to the second multiplexer 32B.
[0053] The first multiplexer 32A multiplexes the two
irradiation laser beams I_R, I_G incident thereon, by using
melting extension, etc., as in the demultiplexer 31R.
[0054] The second multiplexer 32B generates an irradia-
tion laser beam I_RGB by multiplexing the irradiation laser
beam I_RG having been guided through the optical fiber 35
and the irradiation laser beam I_B having been guided
through the optical fiber 29B.

[0055] Also, the second multiplexer 32B multiplexes the
two irradiation laser beams I_RG, I_B incident thereon.
[0056] Instead of the two multiplexers of the first multi-
plexer 32A and the second multiplexer 32B, one multiplexer
may be used to generate the irradiation laser beam I_RGB by
multiplexing the irradiation laser beams I_R, .G, I_B
having been guided through the optical fibers 29R, 29G,
29B, respectively.

[0057] The irradiation laser beam I_RGB generated by the
second multiplexer 32B is guided to the optical connector 6
through the optical fiber 36. The optical connector 6 includes
a recess portion which holds the distal end portion of the
optical fiber 36 and in which the proximal end as an entrance
end of the optical fiber 7 facing the distal end surface of the
optical fiber 36 is inserted. In the state where the proximal
end of the optical fiber 7 is inserted in the recess portion, the
irradiation laser beam I_RGB multiplexed by the multi-
plexer 32B enters the proximal end surface of the optical
fiber 7 facing the optical fiber 36, from the distal end surface
of the optical fiber 36 forming the exit portion (or the exit
surface) for the irradiation laser beam I_RGB.
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[0058] The distal end surface portion of the optical fiber
36 and the proximal end portion of the optical fiber 7 are
provided with respective grin lenses (not illustrated) serving
as refractive index distribution lenses which shape light into
parallel beams. As a result of provision of the grin lenses, the
irradiation laser beam I_RGB emitted from the distal end
surface of the optical fiber 36 can be efficiently transmitted
to the proximal end surface (incident surface) of the optical
fiber 7 as a light guide section for the irradiation light, in the
scanning type endoscope 2 (even in a non-contact state
where the distal end surface and the proximal end surface are
not in contact with each other).

[0059] In the present embodiment, the light source unit 3
emits, to the optical fiber 7 of the scanning type endoscope
2, the R, G, B laser beams which are generated by causing
intermittent pulse emission at the R_LD 27R, the G_LD
27G, and the B_LD 27B, respectively. The R_LD 27R, the
G_LD 27G, and the B_LD 27B are abbreviated as RGB LD
270rR, G, B_LD 27.

[0060] Moreover, the light source unit 3 sequentially
emits, as irradiation laser beams I_RGB, the R, G, B laser
beams which are emitted at different timings.

[0061] The monitoring laser beams M_R, M_G, M_B
which are resultant beams having been guided through the
optical fibers 33R, 33G, 33B and emitted from respective
end surfaces thereof, enter the monitoring light receiver 23.
The monitoring laser beams M_R, M_G, M_B are abbre-
viated as monitoring laser beams M_RGB or M_R, G, B.

[0062] The monitoring light receiver 23 collects the moni-
toring laser beams M_R, G, B emitted from end surfaces
which are exit surfaces of the optical fibers 33R, 33G, 33B,
by using a lens 37, and receives the monitoring laser beams
M_R, G, B at optical detectors 38, 38g, 384, respectively.
The optical detectors 38r, 38g, 385 respectively output, to
the light emission control circuit 25, monitoring light detec-
tion signals Sr, Sg, Sb which are photoelectrically converted.
The optical detectors 38, 38¢g, 386 output, to the light
emission control circuit 25, the monitoring light detection
signals Sr, Sg, Sb the signal levels of which change corre-
sponding to (the values of) the light quantities of the
monitoring laser beams M_R, G, B, respectively.

[0063] As indicated by a dotted line in FIG. 2, the optical
fibers 33R, 33G, 33B (through which the monitoring laser
beams M_R, G. B are guided, respectively) are provided on
one monitor substrate 39 that is disposed near the demulti-
plexers 31R, 31G, 31B.

[0064] Further, the monitor substrate 39 is provided with
a temperature sensor 40 such as a thermistor for measuring
(detecting) the temperature of the monitor substrate 39.
Information corresponding to temperature measured by the
temperature sensor 40 is inputted to the temperature mea-
suring circuit 24.

[0065] The temperature measuring circuit 24 converts the
information corresponding to the temperature measured by
the temperature sensor 40 into temperature information, and
outputs the temperature information to the light emission
control circuit 25. Alternatively, the temperature measuring
circuit 24 may output the information corresponding to the
temperature measured by the temperature sensor 40 to the
light emission control circuit 25, and the light emission
control circuit 25 may have a function of converting an
output signal from the temperature sensor 40 into tempera-
ture information.
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[0066] At the demultiplexers 31R, 31G, 31B which the R,
G, B laser beams from the R, G, B_LD 27 respectively enter,
when the temperature changes, the values of the division
ratios change (due to slight change in the wavelengths of
spectra of the R, G, B laser beams or due to the temperature
characteristics of the coatings 345, etc.) (see a LUT 42 in
FIG. 4). Accordingly, when the temperature changes, the
light quantity of the irradiation laser beam I_RGB also
changes. In addition, it has been found that the values of the
division ratios change by change in the spectra of the R, G,
B laser beams from the LDs 27 caused by the temperature
change.

[0067] When the temperature changes, the light emission
control circuit 25 controls the light emission quantities of the
R, G, B LD 27 with reference to information about the
division ratios at the changed temperature.

[0068] Even when the temperature changes, the light
emission control circuit 25 performs control such that the
light quantity of the irradiation laser beam I_RGB, which is
irradiation light (or emitted light) emitted from the light
source unit 3 to the external scanning type endoscope 2,
satisfies a predetermined condition of the laser safety stan-
dards.

[0069] In other words, the light emission control circuit 25
performs control such that, at any measured temperature, the
light quantity of the irradiation laser beam I_RGB as irra-
diation light emitted from the light source unit 3 to the
external scanning type endoscope 2 satisfies the predeter-
mined condition of the laser safety standards.

[0070] The light emission control circuit 25 controls the
light emission quantities of R, G, B_LD 27, which are three
light emitting elements constituting the pigtail LD unit 21,
by using control signals Cr, Cg, Cb on the basis of the
monitoring light detection signals Sr, Sg, Sb.

[0071] In the present embodiment, the control signals Cr,
Cg, Cb are drive currents Di_R, Di_G, Di_B for causing
light emission from the R, G, B_LD 27, respectively.
[0072] The light emission quantities of the R, G, B_LD 27
change in accordance with the values of the drive currents
Di_R, Di_G, Di_B applied thereto, respectively. For
example, the light emission quantity of the R_LD 27R
increases with increase of the value of the drive current
Di_R applied thereto. The G_LD 27G and the B_LD 27B
also have the same characteristics.

[0073] Further, in order to perform control to satisfy the
predetermined condition as described above, the light emis-
sion control circuit 25 includes a memory 41 that holds (or
stores) information including parameters required for the
control. The memory 41 stores therein in advance informa-
tion such as that shown in FIG. 4.

[0074] The memory 41 holds, as a lookup table (LUT) 42,
for example, information about the respective division ratios
at the three demultiplexers 31R, 31G, 31B as parameters
which change in accordance with the temperature, and also
stores therein in advance a maximum peak light quantity
value 43 which is a basic condition for satisfying the
predetermined condition of the laser safety standards irre-
spective of the temperature, and (information about) a
maximum average light quantity value 44 in a predeter-
mined time period (more specifically, 250 ms).

[0075] The maximum peak light quantity value 43 and the
maximum average light quantity value 44 in the predeter-
mined time period correspond to maximum values to be
satisfied by the irradiation laser beam 1I_RGB emitted from
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the optical combiner 22 of the light source unit 3 to the
optical fiber 7 of the scanning type endoscope 2. The
memory 41 stores a value greater than 30 W, for example, as
the maximum peak light quantity value 43 and stores a value
of 5 mW, for example, as the maximum average light
quantity value 44.

[0076] As shown in FIG. 4, as the R division ratio (n_R),
the G division ratio (n_QG), and the B division ratio (n_B) at
the demultiplexers 31R, 31G, 31B at 40° C. which is the
temperature during normal driving, 0.30, 0.30, and 0.30 are
designated (set), respectively, in the LUT 42. At 25° C.
which is the temperature immediately after driving, for
example, the R division ratio (n_R), the G division ratio
(n_G), and the B division ratio (n_B) are 0.20, 0.15, and
0.10, respectively. In this way, the LUT 42 stores informa-
tion about the temperature—the R division ratio, the G
division ratio, and the B division ratio (also referred to as
temperature-RGB division ratio information) as parameters.
In FIG. 4, specific values of the RGB division ratios at the
temperature other than 25° C. or 40° C. are omitted.
[0077] As described above, the LUT 42 stores, as param-
eters, information about a plurality of temperatures in the
demultiplexers 31R, 31G, 31B and the RGB division ratios
at each of the temperatures.

[0078] (As can be seen from the configuration in FIG. 2,)
the light quantity of the irradiation laser beam I_RGB is not
directly monitored, but the light quantities of the monitoring
laser beams M_R, G, B, which are obtained by demultiplex-
ing (division) from the irradiation laser beams I_RGB by the
demultiplexers 31R, 31G, 31B, are monitored, and thereby,
the light emission quantities of the R, G, B LDs 27, that is,
the R_LD 27R, the G_LD 27G, and the B_LD 27B are
controlled.

[0079] The conditions of the maximum peak light quantity
value 43 and the maximum average light quantity value 44
(in the predetermined time period) remain unchanged even
when the temperature changes. However, when the tempera-
ture changes, the values of the division ratios at the demul-
tiplexers 31R, 31G, 31B change, as shown in the LUT 42 in
FIG. 4.

[0080] Accordingly, in the present embodiment, the light
emission control circuit 25 calculates the maximum (moni-
tor) peak light quantity value 43¢ of the monitoring laser
beams M_R, G, B in the case of the maximum peak light
quantity value 43a of the irradiation laser beam I_RGB, with
reference to the values of the division ratios in the initial
state.

[0081] The light emission control circuit 25 controls the
maximum peak light quantity values of the R, G, B LDs 27
(forming the R, G, B light emitting elements) such that the
maximum peak light quantity values of the monitoring laser
beams M_R, G, B are lower than a maximum peak light
quantity value 43¢ that corresponds to the case of the
maximum peak light quantity value 43 (of the irradiation
light).

[0082] As a result of this control, the maximum peak light
quantity values of the R, G, B_LD 27 can be adjusted
(controlled) such that the maximum peak light quantity
value of the irradiation laser beam I RGB is lower than a
maximum peak light quantity value 43a (such that one of the
two predetermined conditions is satisfied).

[0083] Similarly, at the initial state temperature, the light
emission control circuit 25 calculates the maximum average
(monitor) light quantity value 44¢ of the monitoring laser
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beams M_R, G, B in the case of the maximum average light
quantity value 44a of the irradiation laser beam I_RGB, with
reference to the values of the division ratios.

[0084] Then, the light emission control circuit 25 controls
the maximum average light quantity value of the R, G,
B_LD 27 such that the maximum average light quantity
value of the monitoring laser beams M_R, G, B becomes
lower than the maximum average light quantity value 44c.
[0085] As a result of this control, the maximum average
light quantity values of the R, G, B_LD 27 can be set
(controlled) such that the maximum average light quantity
value of the irradiation laser beam I RGB is lower than the
maximum average light quantity value 444 (such that one of
the two predetermined conditions is satisfied).

[0086] As described above, the memory 41 may store a
value greater than 30 W as the maximum peak light quantity
value 43 and a value of 5 mW as the maximum average light
quantity value 44. Alternatively, the memory 41 may store a
value smaller than the value greater than 30 W by Al (e.g.
approximately 0.3 W) and a value smaller than 5 mW by A2
(e.g. 0.5 mW) such that the light emission quantities can be
controlled with slightly relaxed strictness (accuracy).
[0087] Also, for example, in the initial state, the memory
41 may store light emission quantities in the initial state (an
R light emission quantity, a G light emission quantity, and a
B light emission quantity in the initial state) 45 set as the
light emission quantities of the R, G, B_LD 27. In the initial
state, white balance adjustment is performed. Therefore, the
light emission quantities in the initial state can be also
regarded as the light emission quantities after white balance
adjustment.

[0088] Since white balance adjustment is performed at the
initial state temperature, the initial state light emission
quantities are also equivalent to light emission quantities at
the initial state temperature.

[0089] The light emission control circuit 25 controls the
light emission quantities of the R_, G_, B_LD 27 through
the control signals Cr, Cg, Cb, respectively, with reference
to the information stored in the memory 41. The control
signals Cr, Cg, Cb are formed by the drive currents Di_R,
Di_G, Di_B, as described above.

[0090] At the initial state temperature, the light emission
control circuit 25 sets (adjusts) the light emission values in
the initial state 45 of the R, G, B_LD 27 by using the initial
state control signals Cr, Cg, Cb, respectively, such that the
light quantity of the irradiation laser beams I_RGB emitted
from the optical combiner 22 (to the optical fiber 7 of the
scanning type endoscope 2) becomes an appropriate light
quantity lower than the maximum peak light quantity value
43 and the maximum average light quantity value 44 (the
predetermined conditions are satisfied), and stores the set
light emission values in the initial state 45 in the memory 41.
[0091] After the adjustment, the light emission quantities
of the R, G, B_LD 27 are controlled by monitoring of the
light quantities of the monitoring laser beams M_R, G, B
such that the light quantity of the irradiation laser beam
1_RGB does not change from the appropriate light quantity
even when the temperature changes. Accordingly, for
example, in a case where the temperature reaches a tem-
perature in normal driving, the value of the light quantity of
the irradiation laser beam I _RGB is controlled to maintain
the value equal to the initial state temperature. At the
temperature in normal driving, the R, G, B drive currents to
be obtained when light emission at the R, G, B_LD 27 is
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caused so as to provide an appropriate light quantity of the
irradiation laser beam I_RGB, may be checked in advance
and be stored in the memory 41. Further, at other tempera-
tures, the R, G, B drive currents to be obtained when the
light emission at the R, G, B_LD 27 is caused, may be also
checked in advance and stored in the memory 41 (see FIG.
8A).

[0092] The light emission control circuit 25 performs
control to maintain the appropriate light quantities in the
state satisfying the predetermined condition, while monitor-
ing the state in which the light quantity of the irradiation
laser beam I_RGB satisfies the predetermined condition of
the laser safety standards. In order to perform such a control,
the light emission control circuit 25 includes a comparison
operation circuit 51 shown in FIG. 5, for example.

[0093] The comparison operation circuit 51 has a first
function of controlling the light emission quantities of the R,
G, B_LD 27 such that the light quantity of the irradiation
laser beam I_RGB becomes an appropriate light quantity in
accordance with a set value (set within a range satisfying the
predetermined condition), and has second and third func-
tions of monitoring whether or not the predetermined con-
dition (or a condition close thereto) is satisfied.

[0094] The first function is configured with use of sub-
traction circuits (or difference circuits) 52r, 52g, 52b, and
the second and third functions are configured with use of
first comparison circuits 53r, 53g, 53b and a second com-
parison circuit 55.

[0095] As described later, the comparison operation cir-
cuit 51 has a monitoring function of monitoring temporal
change in the monitoring light detection signals Sr, Sg, Sb,
determining, when the monitoring light detection signals Sr,
Sg, Sb change by a threshold or greater while the tempera-
ture has not changed, for example, deviation from an allow-
able monitoring condition, and generating an alarm signal or
an error signal.

[0096] The monitoring light detection signals Sr, Sg, Sb
(obtained by photoelectric conversion of the received moni-
toring laser beams M_R, G, B) are applied to one input
terminal of each of the subtraction circuits 52r, 52g, 525
constituting the comparison operation circuit 51 and the first
comparison circuits 53r, 53g, 53b, respectively, and a first
monitoring light quantity value 54a and a second monitoring
light quantity value 545 (which are set in accordance with
measured temperature) are applied to other input terminal.
The first monitoring light quantity value 54q, the second
monitoring light quantity value 54, and a third monitoring
light quantity value 54¢ which is described later are stored
in a register (or a memory) in the comparison operation
circuit 51.

[0097] An average value signal obtained by adding the
monitoring light detection signals Sr, Sg, Sb through an
addition circuit 56¢ and by averaging the signals in a
predetermined time period through an averaging circuit 565
is applied to one input terminal of the second comparison
circuit 55, and the third monitoring light quantity value 54¢
(set in accordance with the measured temperature) is applied
to the other input terminal.

[0098] Subtraction signals obtained by the subtraction
circuits 52r, 52¢, 525 subtracting the monitoring light detec-
tion signals Sr, Sg, Sb from the first monitoring light
quantity values 54a are inputted to drive current control
circuits 57r, 57g, 57b, respectively, and the drive current
control circuits 577, 57g, 57b apply, to the R, G, B_LD 27,
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the drive currents Di_R, Di_G, Di_B corresponding to
output signals (subtraction signals) from the subtraction
circuits 52r, 52g, 525, so that the light emission quantities
are controlled.

[0099] The first monitoring light quantity values 54a cor-
respond to set target values of the light quantities of the
monitoring laser beams M_R, G, B. The drive current
control circuits 577, 57¢g, 57b control the light emission
quantities of the R, G, B_LD 27 by using the drive currents
Di_R, Di_G, Di_B in accordance with the subtraction sig-
nals such that the light quantities of the monitoring laser
beams M_R, G, B reach the respective set target values.
[0100] For example, when the subtraction signal from the
subtraction circuit 527 is 0, the drive current control circuit
57r maintains the value of the immediately preceding drive
current Di_R, and when the subtraction signal becomes a
value greater than 0, the drive current control circuit 577
reduces the value of the drive current Di_R, and when the
subtraction signal becomes a value smaller than 0, the drive
current control circuit 577 increases the value of the drive
current Di_R. The same operation is also performed in the
remaining subtraction circuits 52g, 52b. The light emission
quantities of the R, G, B_LD 27 are controlled as described
above.

[0101] The first monitoring light quantity value 54« in the
initial state is equal to a set target value corresponding to the
case of the light quantity value of the irradiation laser beam
I_RGB. When the division ratios at the demultiplexers 31R,
31G, 31B change due to temperature change, the first
monitoring light quantity values 54a on which the changed
division ratios are reflected are set.

[0102] The first comparison circuits 537, 53g, 534 and the
second comparison circuit 55 output respective signals of
comparison results to an operation control circuit 58.
[0103] Information about the temperature measured by the
temperature sensor 40 is inputted to the operation control
circuit 58. A temperature monitoring circuit 58a¢ in the
operation control circuit 58 monitors whether or not the
inputted temperature has changed. When the temperature
from the temperature monitoring circuit 58a has changed by
a (preset) threshold or greater, the operation control circuit
58 adjusts (controls) the light emission quantities of the R,
G, B_LD 27 through the drive current control circuits 577,
57g, 57b with reference to the division ratios corresponding
to the changed temperature.

[0104] The monitoring light detection signals Sr, Sg, Sb
are inputted to the operation control circuit 58, and the
operation control circuit 58 monitors temporal change in the
monitoring light detection signals Sr, Sg, Sb.

[0105] As described above, the first monitoring light quan-
tity value 54¢ in the initial state is the light emission value
in the initial state 45 or the monitoring light quantity value
corresponding to the light quantity value of the irradiation
laser beam I_RGB in the initial state. (In this case, in order
to maintain the fixed value of the irradiation laser beam
1_RGB with respect to the temperature change), when the
values of the division ratios at the demultiplexers 31R, 31G,
31B change in accordance with the temperature, the first
monitoring light quantity value 54a also changes.

[0106] The operation control circuit 58 sets the first moni-
toring light quantity value 54a in a variable manner with
reference to the values of the division ratios at the demul-
tiplexers 31R, 31G, 31B which change in accordance with
the measured temperature. In setting of the first monitoring
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light quantity value 54a after temperature change, reference
is made to the values of the division ratios at the demulti-
plexers 31R, 31G, 31B prior to the temperature change (for
example, see FIG. 7A). Also, the operation control circuit 58
also sets the second monitoring light quantity value 545 and
the third monitoring light quantity value 54¢ in a variable
manner.

[0107] The drive current control circuits 57r, 57¢, 576
control the light emission quantities of the R, G, B_LD 27
such that the light emission quantities match the first moni-
toring light quantity values 54a set in a variable manner in
accordance with the values of the division ratios at the
demultiplexers 31R, 31G, 31B, as described above.

[0108] On the other hand, the second monitoring light
quantity value 545 and the third monitoring light quantity
value 54c¢ are monitoring light quantity values (to be moni-
tored by the monitoring light receiver 23) respectively
corresponding to the light emission values in the initial state
45 set in the initial state and the maximum average light
quantity values 44 in this case. Since the light emission
value in the initial state 45 is set to be lower than the
maximum peak light quantity value 43, the light emission
value in the initial state 45 is set to a light emission quantity
equivalent to the light emission value in the initial state 45
smaller than the maximum peak light quantity value 43 by
A (>Al), for example.

[0109] Also in this case, when the temperature changes,
the values of the division ratios at the demultiplexers 31R,
31G, 31B change. Therefore, as in the initial state, the
second monitoring light quantity value 54b and the third
monitoring light quantity value 54¢ are monitoring light
quantity values for monitoring whether or not a condition of
being lower than the maximum peak light quantity value 43
and the maximum average light quantity value 44 is satis-
fied.

[0110] Inacase where a signal applied to an input terminal
(s) of second comparison circuits 537, 53g, 535 or a third
comparison circuit 55 is a comparison signal having a
monitoring light quantity value lower than the value of the
monitoring light quantity applied to the input terminal(s) of
the other circuit(s) (i.e. a case where a predetermined
condition is satisfied), the operation control circuit 58 causes
(controls) the drive current control circuits 577, 57g, 575 to
operate in accordance with output signals from the first
comparison circuits (or subtraction circuits) 527, 52g, 525.
[0111] In contrast, when a signal to be applied to an
internal terminal(s) of the second comparison circuits 53,
53g, 53b or the third comparison circuit 55 is a comparison
signal having a light quantity value equal to or greater than
the monitoring light quantity value to be applied to an input
terminal(s) of the other circuit(s), the operation control
circuit 58 controls the drive current control circuits 577, 57¢,
575 to forcibly reduce the drive currents Di_R, Di_G, Di_B.
[0112] In a state immediately after the state of the com-
parison signal is assumed, each of the second and third
monitoring light quantity values may be set to a value close
to a boundary of the predetermined condition without devi-
ating from the predetermined conditions.

[0113] When the state of the comparison signal is
assumed, the operation control circuit 58 may output (issue)
an alarm signal to the image generating circuit 16, such that
the display device 5 may display that the light emission
quantity of the light source unit 3 has reached a value close
to the maximum value of the laser safety standards or that
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the light emission quantity has reached a value close to the
maximum value, and therefore, has been forcibly reduced.
[0114] An example in which the operation control circuit
58 is provided in the light emission control circuit 25 has
been described. However, the operation control circuit 58
may be provided in the monitoring light receiver 23. Further,
as indicated by a two-dot chain line in FIG. 1, the light
emission control circuit 25 may include the monitoring light
receiver 23 (having the operation control circuit 58 incor-
porated therein).

[0115] The light source unit 3 of the present embodiment
forming the light source device for an endoscope of the
present invention includes: one (e.g. the G_LD 27G) of the
R_LD 27R, the G_LD 27G, and the B_LD 27B forming a
first light emitting element which emits a first laser beam of
a first spectrum responding to a control signal (one of Cr, Cg,
and Cb) forming a first control signal; one (e.g. the B_LD
27B) of the R_LD 27R, the G_LD 27G, and the B_LD 27B
forming a second light emitting element which emits a
second laser beam of a second spectrum responding to a
control signal (one of Cr, Cg, and Cb) forming a second
control signal; the optical combiner 22 forming a beam
combiner which the first laser beam and the second laser
beam enter, which transmits a laser beam having a spectrum
component based on a synthesized spectrum of the first
spectrum and the second spectrum, and emits the laser beam
as irradiation light to the scanning type endoscope 2 forming
the endoscope, and which emits a part of the laser beam as
monitoring light having an intensity of a predetermined
division ratio; the temperature sensor 40 and the temperature
measuring circuit 24 forming a temperature measuring sec-
tion for measuring the temperature of the beam combiner;
and the light emission control circuit 25 having the memory
41 for holding parameters related to the division ratios at a
plurality of temperatures and forming a light emission
control section which outputs the first control signal and the
second control signal in accordance with the parameter
corresponding to the temperature, and thereby, performs
control such the maximum light quantity of the irradiation
light satisfies a predetermined condition.

[0116] Next, the operation in the present embodiment is
described with reference to the flowchart in FIG. 6.

[0117] As illustrated in FIG. 1, the scanning type endo-
scope 2 is connected to the body device 4 including the light
source unit 3. Thereafter, at the first step S1, in order to set
(determine) the R, G, B light emission quantities of the R,
G, B_LD 27 in the initial state, the light emission control
circuit 25 acquires information about the temperature
obtained by the temperature sensor 40 (through the tem-
perature measuring circuit 24).

[0118] At the following step S2, the light emission control
circuit 25 acquires, from (the LUT 42 in) the memory 41, the
division ratios at the demultiplexers 31R, 31G, 31B at the
above temperature.

[0119] At step S3, the light emission control circuit 25
reads out (acquires) the maximum peak light quantity value
43 and the maximum average light quantity value 44 of the
irradiation laser beam I_RGB from the memory 41. Further,
the maximum peak light quantity values of the R, G, B_LD
27 corresponding to the read maximum peak light quantity
value 43 and the read maximum average light quantity value
44, and the respective light quantity values of the monitoring
laser beams M_R, G, B in the case of the maximum average
light quantity value are calculated.
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[0120] 1In other words, the light emission control circuit 25
calculates the maximum peak light quantity values and the
maximum average light quantity values of the R, G, B_LD
27 and the monitoring laser beams M_R, G, B correspond-
ing to the maximum peak light quantity value 43 and the
maximum average light quantity value 44.

[0121] Moreover, (the operation control circuit 58 in) the
light emission control circuit 25 stores, in a register, the
calculated maximum peak light quantity values and the
maximum average light quantity values of the monitoring
laser beams M_R, G, B as second monitoring light quantity
values and third monitoring light quantity values, respec-
tively.

[0122] At the following step S4, the light emission control
circuit 25 sets initial state light quantity values, which are
light emission values for causing pulse light emission at the
R, G, B_LD 27, under the condition of being lower than the
second monitoring light quantity value and the third moni-
toring light quantity value. When this setting is performed,
the operation control circuit 58 calculates, by using the
values of the division ratios, monitoring laser light quantity
values in the case of detection of the monitoring laser beams
M_R, G, B, and stores the monitoring laser light quantity
values as first monitoring light quantity values in the register
(in FIG. 7A described later, the values are Mlr, Mlg, and
M1b at 40° C., and are values each including a coefficient at
25°C.).

[0123] At the following step S5, white balance adjustment
is performed. A white object is prepared as a reference for
white balance adjustment, and the light emission control
circuit 25 causes pulse light emission at the R, G, B_LD 27
by the respective initial state light quantity values.

[0124] The signal light detecting unit 13 detects signal
light reflected by the white object, the image generating
circuit 16 generates an image signal, and an image of the
white object is displayed on the display device 5. The white
balance adjusting circuit 16a in the image generating circuit
16 adjusts a gain of an amplifier in the white balance
adjusting circuit 16a so as to provide a white balance state
in which R, G, B color signal levels in the image signal are
equal to one another. In this way, white balance adjustment
is completed.

[0125] When white balance adjustment is performed, the
adjustment may be performed by changing the light emis-
sion quantities of the R, G, B_LD 27.

[0126] The light emission values of the R, G, B_LD 27 in
the initial state may be determined by white balance adjust-
ment, and the determined values may be stored as light
emission values in the initial state 45 in the memory 41.

[0127] At the following step S6, the scanning type endo-
scope 2 is inserted into a body cavity of an inspection
subject, for example, such that the subject 8 in the body
cavity can be observed.

[0128] At the following step S7, (a temperature monitor-
ing circuit 538a of the operation control circuit 58 in) the light
emission control circuit 25 regularly monitors the tempera-
ture information (obtained by the temperature sensor 40). At
the following step S8, (the operation control circuit 58 in)
the light emission control circuit 25 determines whether or
not the temperature has changed from the previous tempera-
ture by a threshold or greater.

[0129] When the determination result of the determination
process at step S8 shows that the temperature has changed,
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the light emission control circuit 25 acquires, at the follow-
ing step S9, the values of the division ratios at the changed
temperature, as in step S2.

[0130] At the following step S10, (the operation control
circuit 58 in) the light emission control circuit 25 updates the
first monitoring light quantity value 54a, the second moni-
toring light quantity value 54b, and the third monitoring
light quantity value 54¢ by using the values of the changed
division ratios.

[0131] For example, in a case where the initial state
temperature, which is 25° C., has been increased, when the
RGB division ratios at the demultiplexers 31R, 31G, 31B are
changed to increase (as shown in the LUT 42 in FIG. 4), the
values of the first monitoring light quantity value 54a, the
second monitoring light quantity value 545, and the third
monitoring light quantity value 54¢ are updated to become
greater values in accordance with this change.

[0132] When the monitoring light quantity values are
updated as described above, (the operation control circuit 58
in) the light emission control circuit 25 regularly monitors
whether or not the irradiation laser beam I_RGB (emitted
from the light source unit 3 to the optical fiber 7 of the
scanning type endoscope 2) satisfies the predetermined
condition, on the basis of the second monitoring light
quantity value 545 and the third monitoring light quantity
value 54c, at the changed temperature in the same manner as
that at the temperature prior to the change.

[0133] In order to satisfy the predetermined condition at
the changed temperature, at step S11, (the operation control
circuit 58 in) the light emission control circuit 25 controls
the light emission quantities of the R, G, B_LD 27 on the
basis of the first monitoring light quantity value 54a such
that the light emission quantity of the irradiation laser beam
I_RGB is kept at the initial state light emission quantity.
[0134] At the following step S12, the light emission con-
trol circuit 25 determines whether or not an instruction to
end the inspection is given by an operator as a user. When
no instruction to end the inspection is given, the process
returns to step S7. When an instruction to end the inspection
is given, the process in FIG. 6 is ends.

[0135] When the determination process at step S8 deter-
mines that the temperature has not changed, (the operation
control circuit 58 in) the light emission control circuit 25
monitors temporal change in the average value of the signal
levels of the monitoring light detection signals Sr, Sg, Sh, at
step S13. At the following step S14, (the operation control
circuit 58 in) the light emission control circuit 25 determines
whether or not the temporal change is equal to or greater
than an allowable threshold. When the determination result
indicates that change equal to or greater than the threshold
has not occurred, the process returns to step S7.

[0136] In contrast, when the determination result indicates
that change equal to or greater than the threshold has
occurred, at step S15, the light emission control circuit 25
determines that an error has occurred and processes the error
that has occurred, and the process in FIG. 6 ends. For
example, when an error has occurred, the light emission
control circuit 25 outputs a signal indicating occurrence of
the error to the image generating circuit 16 and the display
device 5 displays occurrence of the error.

[0137] In the present embodiment in which the aforemen-
tioned operation is performed, even when the values of the
division ratios at the demultiplexers 31R, 31G, 31B change
due to temperature change, the light emission quantities of
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the light emitting elements are controlled according to the
change in the values of the division ratios such that the light
quantity of emission light to be emitted to the scanning type
endoscope 2 forming the endoscope satisfies the predeter-
mined condition.

[0138] Consequently, according to the present embodi-
ment, even when the temperature changes, the state where
the light quantity of irradiation light emitted to the endo-
scope satisfies the predetermined condition can be main-
tained.

[0139] Also, according to the present embodiment, any
temperature control device for holding the temperature of
the demultiplexers 31R, 31G, 31B, etc. at which the division
ratios changes in accordance with the temperature is not
required. Accordingly, the problem of the cost increase to a
temperature control device can be solved.

[0140] In addition, since any temperature control device is
not required, energy saving can be achieved. In order to hold
a fixed temperature by means of a temperature control
device, energy for heating is necessary when the actual
temperature is lower than the fixed temperature (to be held),
or a Peltier element, etc. which has a function of performing
cooling (absorbing heat) but is expensive, needs to be driven
when the actual temperature is higher than the fixed tem-
perature. According to the present embodiment, a Peltier
element, etc. which is expensive is not required and energy
saving can be achieved.

[0141] In addition, according to the present embodiment,
even when the temperature changes, control is performed to
maintain the light quantity of irradiation light to be emitted
to the scanning type endoscope 2. Therefore, when a white
balance state is set in the initial setting, the white balance
state can be maintained (even if a temperature change has
occurred).

[0142] Moreover, since the present embodiment does not
need to keep the temperature fixed, the present embodiment
can be used in a temperature environment the temperature of
which greatly changes.

[0143] Furthermore, in the present embodiment, rather
than the light quantities of the irradiation laser beam I_RGB
to be emitted (through the demultiplexers 31R, 31G, 31B),
the light quantities of the monitoring laser beams M_R, G,
B obtained by division at the demultiplexers 31R, 31G, 31B
are monitored, and thereby, the light emission quantities of
the R, G, B_LD 27 are adjusted by the RGB drive currents
(Di_R, Di_G, Di_B).

[0144] Accordingly, irrespective of the characteristics of
the light emission quantities of the R, G, B_LD 27 which
change in accordance with temperature change (even if the
RGB drive currents are fixed), the light emission quantities
of the R, G, B_LD 27 can be controlled (by adjustment of
the RGB drive currents) such that the light quantity of the
irradiation laser beam I_RGB is appropriately maintained.

[0145] As can be seen from the operation in the first
embodiment, in order to maintain the appropriate (fixed)
light quantity of the irradiation laser beam 1I_RGB even
when temperature change occurs, the RGB drive currents
Di_R, Di_G, Di_B are increased/reduced such that the light
quantities of the monitoring laser beams M_R, G, B become
equal to the first monitoring light quantity values (as pho-
toelectrically converted signal values) corresponding to set
target values which are set in a variable manner in accor-
dance with the temperature change.

Dec. 27,2018

[0146] To this end, the first monitoring light quantity
values set at each temperature may be stored in a table 59 in
advance in the memory 41.

[0147] FIG. 7A shows an example of the table 59 of the
RGB first monitoring light quantity values which are set for
each of a plurality of temperatures.

[0148] In the example shown in FIG. 74, for example,
Mlr, M1g, M1b are shown as the R, G, B first monitoring
light quantity values at 40° C., respectively. The R, G, B first
monitoring light quantity values M1r, M1g, M1b at 40° C.
are set in accordance with the values of 0.3, 0.3, 0.3,
respectively, which are the R, G, B division ratios at the
same temperature.

[0149] At 25° C., the R, G, B first monitoring light
quantity values are set to (0.2/0.3)x(0.7/0.8)M1r, (0.15/0.
3)x(0.7/0.85)M1g, and (0.1/0.3)x(0.7/0.9)M1b, respec-
tively. In the example shown in FIG. 7A, the values at 25°
C. are set with use of 40° C. as the reference temperature.
Alternatively, the R, G, B first monitoring light quantity
values at another temperature may be set with use of 25° C.
as the reference temperature.

[0150] In other words, the R, G, B first monitoring light
quantity values are set such that the light quantity of the
irradiation laser beam I_RGB at one reference temperature
T1 satisfies the laser safety standards and is suited for
observation, etc.

[0151] For example, when the temperature changes to T2,
the R, G, B first monitoring light quantity values at T2 are
set in accordance with the R, G, B first monitoring light
quantity values at the reference temperature T1. In this way,
even when the temperature changes, the light quantity of the
irradiation laser beam I_RGB is adjusted to an appropriate
fixed light quantity in accordance with the R, G, B first
monitoring light quantity values. As can be seen from the
example in FIG. 7A, the R, G, B first monitoring light
quantity values at T2 are set while the values of the division
ratios at T1 and T2 are taken into consideration.

[0152] In the case where the R, G, B first monitoring light
quantity values are set as shown in FIG. 7A, the light
quantity of the irradiation laser beam I_R when the light
quantity of the monitoring laser beam M_R is controlled to
the R first monitoring light quantity value Mlr at 40° C., for
example, is obtained by (0.7/0.3)Mlr.

[0153] When the temperature changes to 25° C., the light
quantity of the irradiation laser beam I_R when the light
quantity of the monitoring laser beam M_R is controlled to
the R first monitoring light quantity value (0.2/0.3)x(0.7/0.
8)M1r becomes (0.8/0.2) times of the above value, that is,
(0.7/0.3)M1r, which is equal to the light quantity of the
irradiation laser beam I_R at 40° C. Namely, even when the
temperature changes, control to maintain the appropriate
light quantity of the irradiation laser beam I_RGB can be
performed by use of the R, G, B first monitoring light
quantity values which are set while the R, G, B division
ratios which change in accordance with temperature change
are taken into consideration.

[0154] Information about the light emission quantities
(light emission intensities) obtained when light emission at
the R, G, B_LD 27 is caused in accordance with FIG. 7A
may be stored in the memory 41.

[0155] FIG. 7B shows a table 60 of the light emission
quantities (light emission intensities) of the R, G, B_LD 27
corresponding to FIG. 7A. In the table 60, the light emission
quantities of the R, G, B_LD 27 at 40° C., for example, are
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stored as I,_R1, L_G1, and I._B1, and the light emission
quantities of the R, G, B_LD 27 at 25° C., for example, are
storedasL_R2,L_G2,andL_B2.L_R1,L_G1,andL_B are
parameter values related to the light quantities or light
intensities of the R, G, B laser beams.

[0156] With use of the R, G, B first monitoring light
quantity values M1r, M1g, M1b in FIG. 7A, the values of
L_R1,L_G1, and LB1 are obtained by M1r+(0.7/0.3)xMTr,
M1g+(0.7/0.3)xM1g, and M1b+(0.7/0.3)xM1b, respec-
tively.

[0157] Similarly, with use of the R, G, B first monitoring
light quantity values at 25° C. in FIG. 7A which are denoted
by M2r, M2g, M2b, the values of ._R2, [._G2, [._B2 are
obtained by M2r+(0.8/0.2)xM2r, M2g+(0.85/0.15)xM2g,
and M2b+(0.9/0.1)xM2b, respectively.

[0158] Then, the light emission quantities of the R, G,
B_LD 27 may be adjusted to the light emission quantities of
the R, G, B_LD shown in FIG. 7B by the RGB drive currents
as the RGB control signals.

[0159] The light emission quantities of the R, G, B_LD 27
may be controlled by use of a part of the processing in the
flowchart shown in FIG. 6. For example, after the light
emission quantities of the R, G, B_LD 27 is set in the initial
state so as to satisfy the predetermined condition, the drive
current control circuits 577, 57g, 57b may control the light
emission quantities of the R, G, B_LD 27 by the drive
currents Di_R, Di_G, Di_B with use of the first monitoring
light quantity value 54a (rather than the second monitoring
light quantity value 545 or the third monitoring light quan-
tity value 54¢) such that the light quantities of the monitor-
ing laser beams M_R, G, B are maintained at the first
monitoring light quantity value 54a.

[0160] Next, a first modification of the first embodiment is
described (the tables 59, 60 in FIGS. 7A, 7B are included in
the first embodiment).

[0161] A light source unit of the first modification of the
first embodiment includes, for example, in the pigtail LD
unit 21, a temperature sensor 61 which is indicated by a
dotted line in the light source unit 3 in FIG. 2, and which
detects (measures) the temperatures of the R, G, B LDs 27.
A detection signal from the temperature sensor 61 is inputted
to the temperature measuring circuit 24 as indicated by a
dotted line. The temperature measuring circuit 24 converts
information corresponding to the temperature measured by
the temperature sensor 61 into temperature information, and
outputs the temperature information to the light emission
control circuit 25.

[0162] The temperature sensor 61 is used for correcting
temperature-dependent changes of the light emission quan-
tities of the R, G, B LDs 27. The light emission quantities of
the R, G, B LDs 27 change in accordance with the tempera-
ture change even if the drive currents are not changed.
[0163] For this reason, in the present modification, the R
drive current, the G drive current, and the B drive current are
stored, in the memory 41 or the like, as RGB drive currents
for causing light emission in the R, G, B_LD 27 in accor-
dance with the temperatures of the R, G, B_LD 27. In
addition, the LUT 42, etc. in the first embodiment is stored
in the memory 41.

[0164] FIG. 8A shows a table 62 for the R drive current,
the G drive current, and the B drive current as the RGB drive
currents stored in the memory 41 such that the RGB drive
currents are associated with the temperature.
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[0165] The values in FIG. 8A shows one example of the
RGB drive currents. FIG. 8A shows that, for example, in a
case where each of the R drive current, the G drive current,
and the B drive current are set to 200 mA at 40° C., the R
drive current, the G drive current, and the B drive current
may be set to 150 mA, 125 mA, and 100 mA, respectively,
at 25° C. in order to maintain the same light emission
quantities.

[0166] Accordingly, when each of the R drive current, the
G drive current, and the B drive current at 40° C. is set to 200
mA, the set drive currents can be used as they are, and when
the drive currents are changed to a different value (e.g. 180
mA which is not equal to 200 mA), the drive currents at
other temperatures also need to be changed.

[0167] Instead of the RGB drive currents associated with
the temperature in the manner as shown in FIG. 8A, a table
63 of magnifications with respect to the RGB drive currents
at a reference temperature may be stored as shown in FIG.
8B.

[0168] In the table 63 in FIG. 8B, the RGB drive currents
set at 40° C., for example, are defined as RGB drive currents
at a reference temperature. The table 63 shows that, when
the temperature detected (measured) by the temperature
sensor 61 is 25° C., the RGB drive currents are preferably set
to 0.90 times of the R drive current at 40° C., 0.75 times of
the G drive current at 40° C., and 0.60 times of the B drive
current at 40° C., respectively. The table 63 in FIG. 8B has
an advantage that, even when a drive current set at a
reference temperature changes, a drive current at a different
current can be easily calculated with use of information
about the magnifications.

[0169] Both the tables 62, 63 may be provided to allow a
user to select either F1IG. 8A or FIG. 8B. Except for this, the
configuration of the present modification is identical to that
of the first embodiment.

[0170] According to the present modification, when the
temperature changes, setting of the RGB drive currents for
causing light emission at the R, G, B_LD 27 by the same
light emission quantities, is easy. Except for this, the present
modification provides effects similar to those by the first
embodiment.

[0171] In the present modification, the two temperature
sensors 40, 61 are provided. However, only one of tempera-
ture sensors may be provided and the temperature of a
measurement target which would be measured by the other
temperature sensor may be estimated from the temperature
measured by the one temperature sensor.

Second Embodiment

[0172] Next, a second embodiment of the present inven-
tion 1s described. FIG. 9 illustrates a light source unit 3B of
the second embodiment. In the present embodiment, the
demultiplexers 31R, 31G, 31B and the R, G, B_LD 27 are
disposed at positions close to each other. For example, the
temperature sensor 40 disposed near the demultiplexers
31R, 31G, 31B can measure (detect) the temperatures of the
demultiplexers 31R, 31G, 31B and the temperatures of the
R, G, B_LLD 27.

[0173] As described above, the light emission quantities of
the R, G, B_LD 27 change in accordance with the tempera-
ture (even when the RGB drive currents are not changed).
For this reason, when the light emission quantities of the R,
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G, B_LD 27 change in accordance with the temperature, the
emission quantity of the irradiation laser beam I_RGB
changes.

[0174] To this end, in the present embodiment, instead of
the LUT 42 of the first embodiment, a LUT 71 shown in
FIG. 10 is stored in the memory 41. The LUT 71 stores
information about light emission quantity change magnifi-
cations at different temperatures wherein each of the mag-
nifications for the light emission quantities of the R, G,
B_LD 27 at a reference temperature is defined as 1, in
addition to the information about the RGB division ratios in
the LUT 42. In FIG. 10, the light emission ratios of the R,
G, B_LD 27 are denoted by L_R, L_G, and L_B, respec-
tively.

[0175] Except for this, the configuration of the present
embodiment is identical to that of the first embodiment.
[0176] In the first embodiment, since the values of the
division ratios change when the temperature changes, the
light emission quantities of the R, G, B_LD 27 are adjusted
by the RGB drive currents Di_R, Di_G, Di_B with use of the
information about the division ratios at the changed tem-
perature based on monitoring of the monitoring laser beams
M_R, G, B such that the irradiation laser beam I_RGB
satisfies the laser safety standards and the light quantity
equal to that in the initial state is maintained.

[0177] Also in this case, the light emission quantities of
the R, G, B_LD 27 change in accordance with the tempera-
ture. However, in the first embodiment, even when the light
emission quantities change dependently on the temperature,
control is performed so as to reliably satisfy the laser safety
standards based on the monitoring laser beams M_R, G, B.
[0178] In the present embodiment, information about the
change magnification of the light emission quantity with
respect to the reference temperature is stored in advance so
that, when the temperature changes, an appropriate light
emission quantity is easy to set more smoothly.

[0179] The operation in the present embodiment is
described in comparison with that of the first embodiment,
for example.

[0180] For example, it is assumed that, in each of the first
embodiment and the present embodiment, the light emission
quantities of the R, G, B_LD 27 at 25° C. as the initial state
temperature are set to light emission quantities [_R(25),
L_G(25), L_B(25) corresponding to (appropriate) light
emission quantities within a range of the state where the
irradiation laser beam [_RGB satisfies the laser safety stan-
dards. The light emission quantity I,_R(25) represents the
light emission quantity of the R_LD 27R at 25° C.

[0181] In this case, the division ratios at the demultiplex-
ers 31R, 31G, 31B are 0.20, 0.15, and 0.10, respectively.
Accordingly, the light quantity of the irradiation laser beam
I_RGB (ie. I_R, I_G, and I_B) is obtained by L_R(25)x
(1-0.20), L_G(25)x(1-0.15), and L_B(25)x(1-0.10), and
the light quantity of the monitoring laser beams M_R, M_G,
and M_B is obtained by [,_R(25)x0.20, L._G(25)x0.15, and
L_B(25)x0.10.

[0182] In this state, the light quantity of the monitoring
laser beams M_R, G, B is adjusted (to a first monitoring light
quantity value), and accordingly, the light emission quanti-
ties L_R(25), L_G(25), L_B(25) of the R, G, B_LD 27 are
adjusted by the RGB drive currents Di_R, Di_G, Di_B.
[0183] It is assumed that operation is performed by setting
made in the initial state, and then, the temperature is
increased to 40° C., for example. In this case, the division
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ratios at the demultiplexers 31R, 31G, 31B change from
0.20, 0.15, and 0.10 to 0.30, 0.30, and 0.30, respectively.
[0184] In the first embodiment, the RGB drive currents
Di_R, Di_G, Di_B are adjusted such that the light quantity
of the irradiation laser beam I_RGB remain unchanged and
the light quantity of the monitoring laser beams M_R, G, B
become equal to the first monitoring light quantity value at
40° C., so that the light emission quantities [,_R(40), L_G
(40), and L._B(40) of the R, G, B_LD 27 are set.

[0185] In this case, the light emission quantities [._R(40),
L_G(40), L_B(40) of the R, G, B_LD 27 are not directly set.
[0186] In contrast, in the present embodiment, reference to
the information about the change magnifications of the light
emission quantities [,_R(40), [,_G(40), L_B(40) of the R, G,
B_LD 27 before and after temperature change can be made.
[0187] Accordingly, as a result of increase of the light
emission quantities by 1.0/0.85, 1.0/0.90, 1.0/0.95, for
example, setting to the light emission quantities L_R(40),
L_G(40), L_B(40) in the case of temperature change can be
more quickly made.

[0188] When the temperature is changed to another tem-
perature, the same operation is also performed. According to
the present embodiment, even when the division ratios at the
demultiplexers 31R, 31G, 31B change due to temperature
change, the light emission quantities of the R, G, B_LD 27
can be controlled so as to satisfy the condition of the laser
safety standards, as in the first embodiment. Further, when
adjustment to a white balance state is performed, the white
balance state can be maintained irrespective of temperature
change.

[0189] Moreover, regarding the characteristics of the light
emission quantities of the R, G, B_LD 27 as light sources
which change in accordance with temperature change, the
light emission quantities of the R, G, B_LD 27 can be
controlled so as to satisfy the laser safety standards, as in the
first embodiment.

[0190] Furthermore, by use of the information about the
light emission quantity change magnifications, the light
emission quantities of the R, G, B_LD 27 can be more
quickly set to appropriate light emission quantities.

[0191] In a modification of the present embodiment,
instead of the LUT 71 shown in FIG. 10, a LUT 72 of the
RGB drive currents Di_R, Di_G, Di_B which define the
light emission quantities of the R, G, B_LD 27 by taking
temperature change into consideration, as shown in FIG. 11
may be provided.

[0192] In the LUT 72 shown in FIG. 11, the values of the
RGB drive currents may be set by the RGB division ratios
which change in accordance with temperature change and
change in the light emission quantities of the RGB_LD
which change in accordance with temperature change being
taken into consideration.

[0193] When control to maintain the RGB drive currents
in the LUT 72 at each temperature is performed, a parameter
for correction regarding change in the light emission quan-
tities of the RGB_LD in accordance with temperature
change does not need to be separately provided. Accord-
ingly, the capacity of the memory can be saved. When
control without using information about the RGB division
ratios which change in accordance with temperature change
may be performed, the capacity of the memory can be
further saved.

[0194] In the above first embodiment, etc., the example
has been described in which, in a case where the white
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balance state is set in the initial state, control is performed
so as to maintain the appropriate fixed light quantity of the
irradiation laser beam I_RGB even when the temperature
changes. However, the present invention is not limited to
this case. Alternatively, control close to this control may be
performed.

[0195] For example, control may be performed such that,
when the light quantity value of the irradiation laser beam
I_RGB which is to be controlled is closer to a boundary
value of the predetermined condition of the maximum peak
light quantity value 43, etc., a range of an allowable devia-
tion quantity is made smaller.

[0196] In other words, in a light quantity range sufficiently
smaller than the maximum peak light quantity value 43, the
light quantity value of the irradiation laser beam I_RGB may
be changeable rather than being fixed. However, when the
light quantity value of the irradiation laser beam I_RGB is
changed, the change may be made so as to hold the white
balance state.

[0197] More specifically, when the light quantity value of
the irradiation laser beam I_RGB is increased or reduced,
the increase or reduction may be done by values propor-
tional to the value of the light quantity of (I_R,1_G, I_B of)
the irradiation laser beam I_RGB in the state prior to the
change. As a result of such control, the value of the light
quantity can be increased or reduced while an effect of
suppressing change from the white balance state prior to the
change in the values of the light quantity of the irradiation
laser beam I RGB is maintained.

[0198] The light emission quantities of the R, G, B_LD 27
may be changed by the RGB drive currents as the control
signals such that the value of the light quantity of the
irradiation laser beam I_RGB is changed in the aforemen-
tioned manner.

[0199] Moreover, in each of the aforementioned embodi-
ments (including the modifications), for example, since
noise of the optical detectors 38r, 38g, 385 on the monitor
substrate 39 changes depending on the temperature (more
specifically, the noise increases with increase in the tem-
perature), the temperatures of the demultiplexers 31R, 31G,
31B disposed near the monitor substrate 39 may be esti-
mated from the noise level while no temperature sensor is
provided. The temperatures of the demultiplexers 31R, 31G,
31B and the temperatures of the demultiplexers 31R, 31G,
31B may be used for estimation.

[0200] The aforementioned embodiments, etc. may be
partially combined with one another.

[0201] The present invention is not limited to the afore-
mentioned embodiments, and various changes and modifi-
cations, etc. can be made within the scope of the present
invention.

What is claimed is:

1. A light source device for an endoscope, the device

comprising:

a first light emitting element configured to emit a first
laser beam of a first spectrum responding to a first
control signal;

a second light emitting element configured to emit a
second laser beam of a second spectrum responding to
a second control signal;

a beam combiner which the first laser beam and the
second laser beam enter, the beam combiner being
configured to transmit a laser beam having a spectrum
component based on a synthesized spectrum of the first
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spectrum and the second spectrum, and emit the laser
beam as irradiation light to the endoscope, and to emit
a part of the laser beam as monitoring light having an
intensity at a predetermined division ratio;

a temperature measuring section configured to measure a

temperature of the beam combiner; and

a light emission control section including a memory

holding a parameter concerning the division ratio at a
plurality of temperatures, the light emission control
section being configured to perform control, by output-
ting the first control signal and the second control
signal based on the parameter corresponding to the
temperatures, such that a maximum light quantity of
the irradiation light satisfies a predetermined condition.

2. The light source device for an endoscope according to
claim 1, further comprising

a monitoring light receiving section configured to receive

the monitoring light, monitor whether or not the moni-
toring light satisfies a monitoring condition including
the predetermined condition, and issue an alarm signal
when the monitoring light fails to satisfy the monitor-
ing condition.

3. The light source device for an endoscope according to
claim 1, wherein

the memory holds the parameter which is set such that an

average light quantity of the irradiation light per 250
ms does not exceed 5 mW and such that a maximum
peak light quantity during pulse lighting does not
exceed 30 W.

4. The light source device for an endoscope according to
claim 1, further comprising an R light emitting element
configured to emit an R laser beam of an R spectrum having
a peak within a red wavelength region responding to an R
control signal, wherein

the first light emitting element is a G light emitting

element configured to emit a G laser beam of a G
spectrum having a peak within a green wavelength
region responding to a G control signal,

the second light emitting element is a B light emitting

element configured to emit a B laser beam of a B
spectrum having a peak within a blue wavelength
region responding to a B control signal,

the beam combiner

generates R monitoring light and R irradiation light by
dividing the R laser beam at an R division ratio,

generates G monitoring light and G irradiation light by
dividing the G laser beam at a G division ratio,

generates B monitoring light and B irradiation light by
dividing the B laser beam at a B division ratio,

emits the monitoring light formed of the R monitoring
light, the G monitoring light, and the B monitoring
light, and

emits the irradiation light obtained by multiplexing the
R irradiation light, the G irradiation light. and the B
irradiation light,

the memory holds an R parameter regarding the R divi-

sion ratio, a G parameter regarding the G division ratio,
and a B parameter regarding the B division ratio at each
of a plurality of temperatures, and

the light emission control section outputs the R control

signal in accordance with the R parameter, outputs the
G control signal based on the G parameter, and outputs
the B control signal in accordance with the B param-
eter.
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5. The light source device for an endoscope according to
claim 4, wherein

in a case where a white balance state is set at a first

temperature with predetermined light quantities of the
R irradiation light, the G irradiation light, and the B
irradiation light,

in response to temperature change from the first tempera-

ture, the light emission control section controls light
quantities of the R irradiation light, the G irradiation
light, and the B irradiation light based on the R param-
eter, the G parameter, and the B parameter stored in the
memory so as to suppress change from the white
balance state.

6. The light source device for an endoscope according to
claim 4, wherein

the memory further holds an R intensity parameter regard-

ing an emission intensity of the R laser beam, a G
intensity parameter regarding an emission intensity of
the G laser beam, and a B intensity parameter regarding
an emission intensity of the B laser beam, at each of a
plurality of temperatures, and

the light emission control section outputs the R control

signal which changes also in accordance with change in
the R intensity parameter, outputs the G control signal
which changes also in accordance with change in the G
intensity parameter, and outputs the B control signal
which changes also in accordance with change in the B
intensity parameter.

7. The light source device for an endoscope according to
claim 1, wherein

the temperature measuring section is formed of a tem-

perature sensor which is disposed near the beam com-
biner or near the first light emitting element and the
second light emitting element.

8. The light source device for an endoscope according to
claim 1, wherein

the temperature measuring section is formed of a tem-

perature sensor which is disposed near the first light
emitting element and the second light emitting element,
and

a temperature of the beam combiner is estimated from a

temperature measured by the temperature sensor.

9. The light source device for an endoscope according to
claim 1, further comprising a temperature monitoring sec-
tion configured to monitor whether or not the temperature
measured by the temperature measuring section changes by
a threshold or greater, wherein

when the temperature changes by the threshold or greater,

the light emission control section

reads out, from the memory, a first parameter and a
second parameter as parameters, values of which
change in accordance with a first temperature which
is the temperature in the case of change made by the
threshold or greater and a second temperature which
is the temperature prior to the change, and

controls respective light emission quantities of the first
laser beam and the second laser beam emitted by the
first light emitting element and the second light
emitting element, by the first control signal and the
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second control signal based on the first parameter
and the second parameter, such that a light quantity
of the irradiation light at the first temperature in the
case of the change made by the threshold or greater
matches a light quantity of the irradiation light at the
second temperature set within a range satisfying the
predetermined condition.
10. The light source device for an endoscope according to
claim 9, wherein
the memory stores first and second monitoring light
quantity values at each of a plurality of temperatures,
which are set target values of the light quantities of the
monitoring light corresponding to the light quantity of
the irradiation light of the first laser beam and the
second laser beam, and
the light emission control section controls light emission
quantities of the first light emitting element and the
second light emitting element, by the first control signal
and the second control signal corresponding to a sub-
traction value of the first and second monitoring light
quantity values and respective light quantities of the
monitoring light corresponding to the first and second
monitoring light quantities, such that the subtraction
value becomes 0.
11. The light source device for an endoscope according to
claim 4, further comprising
a temperature monitoring section configured to monitor
whether or not the temperature measured by the tem-
perature measuring section changes by a threshold or
greater, wherein
when the temperature changes by the threshold or greater,
the light emission control section
reads out, from the memory, a first parameter and a
second parameter as parameters, values of which
change in accordance with a first temperature which
is the temperature in the case of change made by the
threshold or greater and a second temperature which
is the temperature prior to the change, and
controls light emission quantities of the R laser beam,
the G laser beam, and the B laser beam emitted by
the R light emitting element, the G light emitting
element, and the B light emitting element, by the R
control signal, the G control signal, and the B control
signal based on the first parameter and the second
parameter, such that the light quantity of the irradia-
tion light at the first temperature which is the tem-
perature in the case of the change made by the
threshold or greater, matches the light quantity of the
irradiation light at the second temperature set within
a range satisfying the predetermined condition.
12. The light source device for an endoscope according to
claim 11, wherein
the memory stores R, G, B monitoring light quantity
values which are set target values of the light quantity
of the monitoring light corresponding to the light
quantities of the irradiation light of the R laser beam,
the G laser beam, and the B laser beam at each of a
plurality of temperatures, and
the light emission control section controls light emission
quantities of the R light emitting element, the G light
emitting element, and the B light emitting element, by
the R control signal, the G control signal, and the B
control signal corresponding to a subtraction value of
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the R, G, B monitoring light quantity values and the
light quantity of the monitoring light corresponding to
the R, G, B monitoring light quantity values, such that
the subtraction value becomes 0.
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