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SEMICONDUCTOR LASER DEVICE AND
DRIVING METHOD OF THE SAME

RELATED APPLICATIONS

[0001] This application is a division of U.S. application Ser.
No. 12/442,726, filed on Mar. 25, 2009, which is a U.S.
National Stage Entry of International Application No. PCT/
JP2007/066780 filed on Aug. 29, 2007, and which claims
priority to Japanese Patent Application No. 2006-285795,
filed on Oct. 20, 2006.

TECHNICAL FIELD

[0002] The present invention relates to a semiconductor
laser device and a driving method thereof for generating light
having a predetermined wavelength by neglecting a part of
light having a predetermined wavelength of the light gener-
ated by a semiconductor laser to the semiconductor laser by a
diffraction grating.

BACKGROUND OF THE INVENTION

[0003] Itis known that the wavelength the light output from
a semiconductor laser is greatly varied by a temperature
change of the semiconductor laser. Accordingly, in the semi-
conductor laser device, the temperature of a semiconductor
laser is maintained to a predetermined temperature by a pet-
tier element and the like so that the wavelength of an output
light is stabilized (refer to, for example, Japanese Patent
Application Laid-Open Publication No. 06-188503).

[0004] FIG. 7 shows an arrangement of a conventional
external resonator type semiconductor laser device 100. The
semiconductor laser device 100 has a power supply 10, a
peltier element 11, a semiconductor laser 12, an optical
waveguide 13, and a diffraction grating 14. The semiconduc-
tor laser device 100 operates as described below. A current is
supplied from the power supply 10 to the semiconductor laser
12 and light is generated. Further, a current is supplied from
the power supply 10 to the peltier element 11 so that the
semiconductor laser 12 is kept to a predetermined tempera-
ture. The generated light is coupled with the optical
waveguide 13 from an emission end face of the semiconduc-
tor laser 12 and transferred to the diffraction grating 14. The
diffraction grating 14 acting as an external resonator reflects
a part of light having a predetermined wavelength and reso-
nates only the wavelength. In the semiconductor laser device
100, the wavelength of the light generated by the semicon-
ductor laser 12 is stabilized by the peltier element 11, a
wavelength selectivity of output light 70 is enhanced by the
diffraction grating 14.

SUMMARY OF INVENTION
Technical Problem

[0005] FIG. 8 shows a current-light output characteristics
(IL characteristics) of the semiconductor laser device 100.
Although a light output is increased by increasing a current,
when the current exceeds a predetermined current value, the
light output is made unstable (kink). It is assumed that this is
because a longitudinal mode is made sensitive to disturbance
as a result that the semiconductor laser is operated at the
predetermined temperature as described above and thus the
longitudinal mode shifts from single to multiple. In particular,
since the kink of light intensity becomes noise in an image
application device and the like, a problem arises in that it is
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difficult to make use of the semiconductor laser device 100
having the IL characteristics to the image application device
and the like.

[0006] To solvethe above problem, an object of the present
invention is to provide a semiconductor laser device which
operates stably in an entire current region and a driving
method of the semiconductor laser device.

Solution to Problem

[0007] As a result of various experiments, the inventors
have found that when a periodical fluctuation is applied to the
temperature of a semiconductor laser, an optical waveguide,
or a diffraction grating, when a periodical mechanical varia-
tion is applied to the optical waveguide or the diffraction
grating, or when return light is caused to be incident on the
semiconductor laser, the semiconductor laser carries out a
multimode oscillation from a low output to a high output
without shifting between a single mode oscillation and a
multimode oscillation. The present invention has been
achieved based on the discovery.

[0008] To achieve the above object, a semiconductor laser
device according to the present invention outputs light while
periodically varying the temperature of a semiconductor
laser, an optical waveguide, or a diffraction grating or outputs
light while mechanically and periodically varying the optical
waveguide or the diffraction grating.

[0009] Specifically, the present invention is a driving
method of a semiconductor laser device in which a semicon-
ductor laser is optically coupled with a diffraction grating
through an optical waveguide and a part of light having a
predetermined wavelength of the light generated by the semi-
conductor laser is reflected to the semiconductor laser by the
diffraction grating and the light having the predetermined
wavelength is generated, the driving method being character-
ized in that light is output while applying a periodical fluc-
tuation to the temperature of the semiconductor laser, the
diffraction grating, or the optical waveguide, while applying
a periodical mechanical variation to the optical waveguide or
the diffraction grating or while causing return light whose
light intensity or wavelength periodically or non-periodically
varies to be incident on a portion of the semiconductor laser
from which light is emitted.

[0010] A semiconductor laser device for outputting light
while periodically varying a temperature in the driving
method of the semiconductor laser device according to the
present invention has a semiconductor laser for generating
light, a diftraction grating optically coupled with the semi-
conductor laser for reflecting a part of light having a prede-
termined wavelength of the light from the semiconductor
laser to the semiconductor laser, an optical waveguide for
optically coupling between the semiconductor laser and the
diffraction grating, and a temperature control means for
applying a periodical fluctuation to the temperature of the
semiconductor laser, the diffraction grating, or the optical
waveguide.

[0011] It is preferable that the temperature control means
be apeltier element connected to the semiconductor laser, the
diffraction grating, or the optical waveguide for controlling
the temperature of the semiconductor laser, the diffraction
grating, or the optical waveguide. Since the peltier element
requires neither a refrigerant nor a movable portion and can
easily control a temperature, the structure thereof can be
simplified.
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[0012] Incontrast, a semiconductor laser device which out-
puts light while applying a periodical mechanical variation in
the driving method of the semiconductor laser device accord-
ing to the present invention has a semiconductor laser for
generating light, a diffraction grating optically coupled with
the semiconductor laser for reflecting a part of light having a
predetermined wavelength of the light from the semiconduc-
tor laser to the semiconductor laser, an optical waveguide for
optically coupling between the semiconductor laser and the
diffraction grating, and vibration means for applying a peri-
odical mechanical variation to the optical waveguide or the
diffraction grating.

[0013] It is preferable that the vibration means be a piezo-
electric element connected to the optical waveguide or the
diffraction grating. Since the piezoelectric element directly
converts an electronic signal to vibration, the size thereof can
be reduced and the number of vibrations can be easily con-
trolled.

[0014] Further, a semiconductor laser device, in which
return light that is periodically or non-periodically varies is
incident on a semiconductor laser, in the driving method of
the semiconductor laser device according to the present
invention, has a semiconductor laser for generating light, a
diffraction grating optically coupled with the semiconductor
laser for reflecting a part of light having a predetermined
wavelength of the light from the semiconductor laser to the
semiconductor laser, an optical waveguide for optically cou-
pling between the semiconductor laser and the diffraction
grating, and return light control means for causing return light
whose light intensity or wavelength periodically or non-pe-
riodically varies to be incident on a portion of the semicon-
ductor laser from which light is emitted.

[0015] The return light control means may cause the return
light to be directly incident on a portion of the semiconductor
laser from which light is emitted or cause the return light to be
incident on a portion of the semiconductor laser from which
light is emitted through the diffraction grating.

[0016] Since the semiconductor laser carries out a multi-
mode oscillation from a low output to a high output by out-
putting light by periodically varying a temperature, output-
ting light by applying a mechanical variation periodically or
by radiating return light to the semiconductor laser, the kink
of IL. characteristics is removed because a longitudinal mode
does not shift from a single mode to a multimode.

[0017] Accordingly, the present invention can provide a
semiconductor laser device having I characteristics in which
acurrent is proportional to a light output and a driving method
thereof.

[0018] Further, it is preferable that the periodical fluctua-
tion of the temperature control means or the vibration means
in the semiconductor laser device be in a sine wave state so
that the cycle of the temperature fluctuation or the mechanical
variation can be easily controlled.

[0019] Accordingly, the present invention can provide the
semiconductor laser device having the IL characteristics in
which a current is proportional to a light output and a driving
method thereof.

Advantageous Effects of Invention

[0020] Since a current to be supplied is proportional to a
light output by driving the semiconductor laser device
according to the present invention by the driving method
according to the present invention, the semiconductor laser
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device according to the present invention can be used to a
light source of an image application device and the like.

BRIEF DESCRIPTION OF DRAWINGS

[0021] FIG. 1 is a block diagram showing an arrangement
of a semiconductor laser device according to the present
invention;

[0022] FIG. 2 shows IL characteristics of the semiconduc-
tor laser device according to the present invention;

[0023] FIG. 3 is a block diagram showing an arrangement
of a semiconductor laser device according to the present
invention;

[0024] FIG. 4 is a block diagram showing an arrangement
of a semiconductor laser device according to the present
invention;

[0025] FIG. 5 is a block diagram showing an arrangement
of a semiconductor laser device according to the present
invention;

[0026] FIG. 6 is a block diagram showing an arrangement
of a semiconductor laser device according to the present
invention;

[0027] FIG. 7 is a block diagram showing an arrangement
of a conventional semiconductor laser device;

[0028] FIG. 8 shows IL characteristics of the conventional
semiconductor laser device; and

[0029] FIG. 9 is a block diagram showing an arrangement
of a semiconductor laser device according to the present
invention.

REFERENCE SIGNS LIST

[0030] Reference numerals used in the drawings are shown
below.
[0031] 100, 101, 103, 104, 105, 106, 107 semiconductor

laser device

[0032] 10 power supply

[0033] 11, 31, 41 pettier clement
[0034] 12 semiconductor laser
[0035] 13 optical waveguide
[0036] 14 diffraction grating
[0037] 51, 61 piezoelectric element
[0038] 70 output light

[0039] 71, 72 return light

[0040] A single mode region
[0041] B multimode region

DETAIL DESCRIPTION OF THE INVENTION

[0042] Embodiments of the present invention will be
explained referring to accompanying drawings. The embodi-
ments explained below are examples of the present invention,
and the present invention is not limited to the embodiments.

Embodiment 1

[0043] The embodiment is directed to a semiconductor
laser device having a semiconductor laser which generates
light, a diffraction grating which is optically coupled with the
semiconductor laser and reflects a part of light having a pre-
determined wavelength of the light from the semiconductor
laser to the semiconductor laser, an optical waveguide which
optically couples between the semiconductor laser and the
diffraction grating, and a temperature control means which
applies a periodical fluctuation to the temperature of the semi-
conductor laser, the diffraction grating, or the optical
waveguide.
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[0044] Further, the temperature control means is a peltier
element which is connected to the semiconductor laser, the
diffraction grating, or the optical waveguide and controls the
temperature of the semiconductor laser, the diffraction grat-
ing, or the optical waveguide.

[0045] FIG. 1is a block diagram showing an arrangement
of the semiconductor laser device 101 of the embodiment.
The semiconductor laser device 101 has a power supply 10, a
peltier element 11, a semiconductor laser 12, an optical
waveguide 13, and a diffraction grating 14.

[0046] The peltier element 11 is a device for cooling a
surface by a current supplied thereto, and a surface tempera-
ture is changed by a current value. The surface temperature of
the peltier element 11 may be changed by a voltage or an
electric power. The semiconductor laser 12 generates light
having a wavelength according to a band gap of an active
layer by the current supplied thereto. The semiconductor laser
12 may generate light by the voltage or the electric power. The
optical waveguide 13 confines the light therein and transfers
it from one side to other side. An optical fiber and a planar
optical waveguide can be exemplified as the optical
waveguide 13. The diffraction grating 14 reflects light having
a predetermined wavelength in an incident direction. A fiber
Bragg grating (FBG) may be used as the diffraction grating
14.

[0047] The power supply 10 has a semiconductor laser
drive unit for supplying a current for driving the semiconduc-
tor laser 12.

The semiconductor laser drive unit controls a current value
for controlling the intensity of the light generated by the
semiconductor laser 12. Note that the semiconductor laser
drive unit may drive the semiconductor laser 12 by a voltage
or an electric power. Further, the power supply 10 may have a
circuit for monitoring the intensity of the light output from the
semiconductor laser device 101 and feeding back a monitored
result to the semiconductor laser drive unit.

[0048] Further, the power supply 10 has a peltier element
drive unit for supplying a current for driving the peltier ele-
ment 11. The peltier element drive unit has a function for
periodically varying a current value to periodically vary the
temperature of the peltier element 11. For example, the peltier
element drive unit can supply a steady current lo added with
a %[ sin wt sine wave generated by a high frequency generator
circuit to the peltier element 11. The peltier element drive unit
may drive the peltier element 11 by a voltage or an electric
power. Further, the power supply 10 may have a circuit for
measuring the surface temperature of the semiconductor laser
12 and the peltier element 11 and feeding back a result of
measurement to the peltier element drive unit.

[0049] The power supply 10 is connected to the peltier
element 11 and the semiconductor laser 12. The peltier ele-
ment 11 has a cooling surface connected to the semiconductor
laser 12. The peltier element 11 may be in direct contact with
the semiconductor laser 12 or may be connected to the semi-
conductor laser 12 through a substrate such as a metal sheet
and the like. One end of the optical waveguide 13 is connected
to an emission end face of the semiconductor laser 12. The
diffraction grating 14 is connected to the other end of the
optical waveguide 13.

[0050] A driving method of the semiconductor laser device
101, which optically couples the semiconductor laser 12 with
the diffraction grating 14 through the optical waveguide 13
and generates the light having the predetermined wavelength
by reflecting a part of light having the predetermined wave-
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length of'the light generated by the semiconductor laser 12 to
the semiconductor laser 12 by the diffraction grating 14, has
a feature in that light is output while applying a periodical
fluctuation to the temperature of the semiconductor laser 12.
[0051] The semiconductor laser device 101 operates as
explained in the semiconductor laser device 100 of FIG. 7 and
outputs output light 70. Further, since the peltier element
drive unit of the power supply 10 supplies the current includ-
ing the sine wave, the temperature of the cooling surface of
the peltier element 11 is periodically varied, and the tempera-
ture of the semiconductor laser 12 is also periodically varied.
Accordingly, the semiconductor laser 12 is oscillated in a
multimode from a low output to a high output.

[0052] FIG. 2 shows IL characteristics of the semiconduc-
tor laser device 101. As shown in FIG. 2, since no kink is
generated in the IL characteristics, a current supplied to the
semiconductor laser 12 is proportional to the light output of
the output light 70. Accordingly, the semiconductor laser
device 101 can be used as a light source of an image applica-
tion device and the like which are sensitive to a change of light
intensity.

[0053] Note that the same advantage can be obtained even
when the semiconductor laser device 101 does not have the
optical waveguide 13 and the light from the semiconductor
laser 12 is coupled with the diffraction grating 14 passing
through the atmosphere or even when the diffraction grating
14 is directly connected to the emission end face of the semi-
conductor laser 12.

Embodiment 2

[0054] FIG. 3 is a block diagram showing an arrangement
of a semiconductor laser device 103 of the embodiment. In
FIG. 3, the same reference numerals as those used in FIG. 1
denote the same components. The semiconductor laser device
103 is different from the semiconductor laser device 101 of
FIG. 1 in that the semiconductor laser device 103 includes a
peltier element 31.

[0055] Although the peltier element 31 is the same device
as the peltier element 11, it is connected to an optical
waveguide 13. Although FIG. 3 describes that the peltier
element 31 covers the optical waveguide 13, it may be in
contact with the optical waveguide 13 or comes into contact
therewith through a substrate of metal and the like. Further,
the peltier element 31 is also supplied with a current including
a sine wave from the peltier element drive unit of a power
supply 10.

[0056] The semiconductor laser device 103 operates like-
wise the semiconductor laser device 101 of FIG. 1. Further,
since the peltier element drive unit of the power supply 10
supplies the current including the sine wave, the temperature
a cooling surface of the peltier element 31 is periodically
varied, and the temperature of the optical waveguide 13 is also
periodically varied. Accordingly, the longitudinal mode of
the light traveling in the optical waveguide 13 is made to
multi. Therefore, since the IL characteristics of the semicon-
ductor laser device 103 are made as shown in FIG. 2, the
semiconductor laser device 103 can obtain the same advan-
tage as that of the semiconductor laser device 101 of FIG. 1.
[0057] Further, since the semiconductor laser device 103
makes the longitudinal mode of the light to the multi in the
optical waveguide 13, the peltier element 11 may be con-
trolled so that the semiconductor laser 12 has a constant
temperature. Since the semiconductor laser 12 has the con-
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stant temperature, the wavelength of the light generated by
the semiconductor laser 12 is stabilized.

[0058] Note that when the semiconductor laser device 103
does not have the optical waveguide 13 and the light from the
semiconductor laser 12 is coupled with the diffraction grating
14 passing through the atmosphere or when the diffraction
grating 14 is directly connected to the emission end face of the
semiconductor laser 12, the same advantage can be obtained
by applying a periodical temperature change by causing the
peltier element to come into contact with an emission end face
ofthe semiconductor laser 12 or to come into contact with an
incident end face of the diffraction grating 14.

Embodiment 3

[0059] FIG. 4 a block diagram showing an arrangement of
a semiconductor laser device 104 of the embodiment. In FIG.
4, the same reference numerals as those used in FIG. 1 denote
the same components. The semiconductor laser device 104 is
different from the semiconductor laser device 101 of FIG. 1in
that the semiconductor laser device 104 includes a peltier
element 41.

[0060] Although the peltier element 41 is the same device
as the peltier element 11, it is connected to a diffraction
grating 14. Although the peltier element 41 may be in direct
contact with the diffraction grating 14, it may come into
contact therewith through a substrate of metal and the like.
Further, the peltier element 41 is also supplied with a current
including a sine wave from the peltier element drive unit of a
power supply 10.

[0061] The longitudinal mode of the light reflected by the
diffraction grating 14 is made to multi by applying a periodi-
cal temperature change to the diffraction grating 14 by the
peltier element 41. Therefore, since the IL characteristics of
the semiconductor laser device 104 are made as shown in
FIG. 2, the semiconductor laser device 104 can obtain the
same advantage as those of the semiconductor laser device
101 of FIG. 1 and the semiconductor laser device 103 of FIG.
3.

Embodiment 4

[0062] The embodiment is directed to a semiconductor
laser device having a semiconductor laser for generating
light, a diffraction grating optically coupled with the semi-
conductor laser and reflecting a part of light having a prede-
termined wavelength of the light from the semiconductor
laser to the semiconductor laser, an optical waveguide for
optically coupling between the semiconductor laser and the
diffraction grating, and vibration means for applying a peri-
odical mechanical variation to the optical waveguide or the
diffraction grating.

[0063] Further, the vibration means is a piezoelectric ele-
ment connected to the optical waveguide or the diffraction
grating.

[0064] FIG. 5 is a block diagram showing an arrangement
of a semiconductor laser device 105 of the embodiment. In
FIG. 5, the same reference numerals as those used in FIG. 1
denote the same components. The semiconductor laser device
105 is different from the semiconductor laser device 101 of
FIG. 1 in that the semiconductor laser device 105 includes the
piezoelectric element 51 as the mechanical periodical fluc-
tuation means and that a power supply 10 includes a piezo-
electric element drive unit.
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[0065] The piezoelectric element 51 is a piezoelectric ele-
ment which are extended and contracted by a voltage fluctua-
tion. The piezoelectric element 51 is connected to an optical
waveguide 13. Further, the piezoelectric element 51 is elec-
trically connected to the power supply 10 and supplied with a
voltage having a +V sin wt sine wave as a periodical vibration.
The piezoelectric element 51 is vibrated by the voltage in a
sine wave as the periodical mechanical variation and trans-
mits vibration to the optical waveguide 13.

[0066] A driving method ofthe semiconductor laser device
105, which optically couples the semiconductor laser 12 with
the diffraction grating 14 through the optical waveguide 13
and generates light having the predetermined wavelength by
reflecting a part of light having the predetermined wavelength
of the light generated by the semiconductor laser 12 to the
semiconductor laser 12 by the diffraction grating 14, has a
feature in that the semiconductor laser device 105 outputs
light while applying the periodical mechanical variation to
the optical waveguide 13.

[0067] The semiconductor laser device 105 outputs output
light 70 by operating as described in the semiconductor laser
device 100 of FIG. 7. Further, since the piezoelectric element
51 applies vibration to the optical waveguide 13, the longitu-
dinal mode of traveling light is made to multi. Therefore, the
IL characteristics of the semiconductor laser device 105 are
made as shown in FIG. 2, and the semiconductor laser device
105 can obtain the same advantage as that of the semiconduc-
tor laser device 101 of FIG. 1.

[0068] Further, since the semiconductor laser device 105
makes the longitudinal mode of light to multi by the optical
waveguide 13, the wavelength of the light generated by the
semiconductor laser 12 may be stabilized by controlling the
peltier element 11 by the semiconductor laser 12 so that the
semiconductor laser 12 has a constant temperature as
explained in the semiconductor laser device 103 of FIG. 3.

Embodiment 5

[0069] FIG. 6 is a block diagram showing an arrangement
of a semiconductor laser device 106 of the embodiment. In
FIG. 6, the same reference numerals as those used in FIGS. 1
and 5 denote the same components. The semiconductor laser
device 106 is different from the semiconductor laser device
105 of FIG. 5 in that the semiconductor laser device 106 does
not include the piezoelectric element 51 and includes a piezo-
electric element 61.

[0070] Although the piezoelectric element 61 is the same
device as the piezoelectric element 51, it is connected to a
diffraction grating 14. A voltage having a sine wave is also
applied to the piezoelectric element 61 from the piezoelectric
element drive unit of a power supply 10 likewise the piezo-
electric element 51.

[0071] The semiconductor laser device 106 operates like-
wise the semiconductor laser device 101 of FIG. 1. Further,
the longitudinal mode of the light reflected by the diffraction
grating 14 is made to multi by applying vibration to the
diffraction grating 14 by the piezoelectric element 61. There-
fore, since the IL characteristics of the semiconductor laser
device 106 are made as shown in FIG. 2, the semiconductor
laser device 106 can obtain the same advantage as those of the
semiconductor laser device 101 of FIG. 1 and the semicon-
ductor laser device 105 of FIG. 5.

Embodiment 6

[0072] FIG. 9 is a block diagram showing an arrangement
of a semiconductor laser device 107 of the embodiment. In
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FIG. 9, the same reference numerals as those used in FIG. 1
show the same components. The semiconductor laser device
107 is different from the semiconductor laser device 101 of
FIG. 1 in that return light 71 whose intensity or wavelength
periodically or non-periodically varies is incident on a portion
of'the semiconductor laser 12 from which light is emitted. The
return light 71 may be created by return light control means
(not shown) disposed externally of the semiconductor laser
device 107. Further, the return light 71 may be caused to be
incident from a output light side of the diftraction grating 14
as return light 72 by return light control means (not shown)
disposed externally of the semiconductor laser device 107.
The return light 72 travels in the optical waveguide 13 and is
incident on a portion of the semiconductor laser 12 from
which it emits light as the return light 71. For example, the
return light control means is a light source which can change
the intensity and the wavelength of light. The return light
control means may be a reflection sheet that can change the
intensity of light to be reflected. When the return light 71 is
incident on the portion of the semiconductor laser 12 from
which light is emitted, since the longitudinal mode of the
semiconductor laser 12 makes multimode oscillation at all
times, the semiconductor laser 12 can obtain the IL charac-
teristics as shown in FIG. 2.

[0073] As described above, the semiconductor laser
devices 101, 103, 104, 105, 106, and 107 can obtain IL char-
acteristics in which a current is proportional to a light output.
Note that the periodical fluctuation of the temperature and the
vibration described above may be performed in the same
degree as that of the response speed of a device which applies
the fluctuation, and the temperature and the vibration may be
varied non-periodically.

INDUSTRIAL APPLICABILITY

[0074] The driving method of the semiconductor laser
device according to the present invention can be also applied
to a gas laser, a liquid laser, and a solid state laser in addition
to the semiconductor laser.

1. (canceled)

2. (canceled)

3. (canceled)

4. (canceled)

5. (canceled)

6. A semiconductor laser device comprising:

a semiconductor laser for generating light;

a diffraction grating optically coupled with the semicon-
ductor laser for reflecting a part of light having a prede-
termined wavelength of the light from the semiconduc-
tor laser to the semiconductor laser;

Jun. 14, 2012

an optical waveguide for optically coupling between the
semiconductor laser and the diffraction grating; and

return light control causing return light whose light inten-
sity or wavelength periodically or non-periodically var-
ies to be incident on a portion of the semiconductor laser
from which light is emitted.

7. The semiconductor laser device according to claim 6,
wherein the return light control causes the return light to be
incident on the portion from which the light of the semicon-
ductor laser is emitted through the diffraction grating.

8. A semiconductor laser device comprising:

a semiconductor laser for generating light;

a diffraction grating optically coupled with the semicon-
ductor laser for reflecting a part of light having a prede-
termined wavelength of the light from the semiconduc-
tor laser to the semiconductor laser;

an optical waveguide for optically coupling between the
semiconductor laser and the diffraction grating; and

vibration device applying a periodical mechanical varia-
tion to the optical waveguide or the diffraction grating.

9. The semiconductor laser device according to claim 8,
wherein the periodical fluctuation of the vibration device in
the semiconductor laser device are in a sine wave state.

10. The semiconductor laser device according to claim 8,
wherein the vibration device is a piezoelectric element con-
nected to the optical waveguide or the diffraction grating.

11. The semiconductor laser device according to claim 10,
wherein the periodical fluctuation of the vibration device in
the semiconductor laser device is in a sine wave state.

12. A driving method of a semiconductor laser device in
which a semiconductor laser is optically coupled with a dif-
fraction grating through an optical waveguide and a part of
light having a predetermined wavelength of the light gener-
ated by the semiconductor laser is reflected to the semicon-
ductor laser by the diffraction grating and the light having the
predetermined wavelength is generated, comprising the steps
of:

outputting light while applying a periodical fluctuation to
the temperature of the semiconductor laser, the diffrac-
tion grating or the optical waveguide,

applying a periodical mechanical variation to the optical
waveguide or the diffraction grating or in the alternative
causing return light whose light intensity or wavelength
periodically or non-periodically varies to be incident on
a portion of the semiconductor laser from which light is
emitted.



