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(54) LASER AMPLIFICATION DEVICE

(57) Plural signal beams enter a planar waveguide
laser amplifier from different directions to follow different
paths therein, which reduces a region not contributing to
amplification where no signal beam passes. Plural signal
beams follow different paths in the planar waveguide,
and a second signal beam utilizes the gain of a portion

of the planar waveguide that a first signal beam cannot
utilize. By this configuration, a region not contributing to
amplification of the signal beams in the planar waveguide
laser amplifier can be reduced, causing to efficiently am-
plify plural signal beams.
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Description

Technical Field

[0001] The present invention relates to a laser ampli-
fication device that amplifies a laser beam.

Background Art

[0002] A planar waveguide laser amplifier is configured
with a waveguide element including a laser medium and
clad layers which have a refractive index smaller than
that of the laser medium and are put on the top and bottom
faces thereof. In the waveguide element, a laser beam
is totally reflected between a core layer and clad layer to
propagate in a waveguide mode. In a planar waveguide
element, population inversion is produced by excitation
light, and the laser beam is amplified by passing through
the planar waveguide element.
[0003] When a laser beam is inputted to the planar
waveguide laser amplifier, the laser beam is inputted
through an anti-reflection film formed in a part of the pla-
nar waveguide element. The amplification gain of the la-
ser beam is improved by making the laser beam reflect
multiple times on total reflection films formed on the pla-
nar waveguide element’s side faces opposing with each
other to make the beam path length longer. The amplified
laser beam is outputted through an anti-reflection film
formed on a part of the planar waveguide element. In
Patent Document below, the configuration of this planar
waveguide laser amplifier is described.

Prior Art Document

Patent Document

[0004] Patent Document 1:US2003/0063884 A1

Summary of the Invention

Problem to be Solved by the Invention

[0005] In a conventional planar waveguide laser am-
plifier, a signal beam inputted to a planar waveguide el-
ement is amplified at a portion in a planar waveguide
through which excitation light passes. The excitation light
also produces population inversion in a region in the pla-
nar waveguide where the signal beam does not pass;
however, the region does not contribute to amplifying the
signal beam. Therefore, it is required to reduce a region
which does not contribute to the signal beam’s amplifi-
cation even with the excitation light inputted to increase
the output of a laser beam under certain excitation light.
That is, improvement of an efficiency to extract an output
of the amplified beam with respect to excitation light in-
putted has been an issue.
[0006] Embodiments of the present invention are
made in consideration of the above and are aimed at

improving an efficiency to extract an output of the ampli-
fied beam with excitation light inputted.

Means for Solving Problem

[0007] To accomplish the aim described above, a laser
amplification device according to the present invention
is characterized in that the laser amplification device in-
cludes a planar waveguide laser amplifier to amplify and
output an inputted beam, and an input unit to simultane-
ously input plural beams into the planar waveguide laser
amplifier.

Effect of the Invention

[0008] In a laser amplification device according to the
present invention, it is possible to improve an efficiency
to extract an output of the amplified beam with excitation
light inputted.

Brief Description of the Drawings

[0009]

Figs. 1 are views showing the configuration of a pla-
nar waveguide laser amplification device according
to Embodiment 1 of the present invention;
Figs. 2 are views showing the configuration of a pla-
nar waveguide laser amplification device according
to Embodiment 2 of the present invention;
Figs. 3 are views showing the configuration of a pla-
nar waveguide laser amplification device according
to Embodiment 3 of the present invention;
Fig. 4 is an illustration explaining a method for divid-
ing a signal beam from a signal beam laser;
Fig. 5 is an illustration explaining another method for
dividing a signal beam from a signal beam laser;
Fig. 6 is an illustration explaining another method for
dividing a signal beam from a signal beam laser;
Figs. 7 are views showing the configuration of a pla-
nar waveguide laser amplification device according
to Embodiment 4 of the present invention; and
Figs. 8 are views showing the configuration of a pla-
nar waveguide laser amplification device according
to Embodiment 5 of the present invention.

Modes for Carrying Out the Invention

Embodiment 1

[0010] Figs. 1 show the configuration of a planar
waveguide laser amplification device according to Em-
bodiment 1 of the present invention. Fig. 1(a) is a side
view of the planar waveguide laser amplification device,
and Fig. 1(b) is a top front view thereof. In Figs. 1, numeral
"1" denotes a core layer; "2", clad layers; "3", excitation
light; "4", a planar waveguide; "5", semiconductor lasers
for excitation; "6", total reflection films; "7a" and "7b", anti-
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reflection films; "8", a first signal beam laser; "9", a second
signal beam laser; "10", a first signal beam; "11", a sec-
ond signal beam; "12", a laser amplifier; and "13", an
input unit. In addition, in the figures, the same symbols
denote an identical part or a corresponding part.
[0011] In Fig. 1(a), the material of the core layer 1 in
the planar waveguide 4 is solid, and a typical laser me-
dium can be used therefor. As a laser medium, a material
to absorb the excitation light 3 outputted from the semi-
conductor lasers 5 for excitation is used. The semicon-
ductor lasers 5 for excitation are excitation light sources
to output the excitation light 3 which enters the planar
waveguide 4. A medium used for the core layer 1 is, for
example, Nd:YAG, Yb:YAG, Er:YAG, Tm:YAG, Ho:YAG,
Nd:YLF, Yb:YLF, Er:YLF, Tm:YLF, Ho:YLF, Nd:Glass,
Cr:LiSAF, or Ti:Sapphire.
[0012] In the planar waveguide 4, the clad layers 2 are
formed on the top and bottom faces of the core layer 1,
and the clad layers 2 play a role to confine the excitation
light 3 in the core layer 1. The clad material of the clad
layers 2 is a medium having a refractive index n2 lower
than the refractive index n1 of the core layer 1 (n1 > n2).
A medium such as SiO2, Al2O3, or MgF2 can be used for
the clad layers 2.
[0013] In Fig. 1(b), the laser amplification device in-
cludes a laser amplifier 12 and an input unit 13. The input
unit 13 includes the first signal beam laser 8 and the
second signal beam laser 9, which output a first signal
beam 10 and second signal beam 11 with a same wave-
length, respectively. In addition, a semiconductor laser
or a fiber laser can be used as the first signal beam laser
8 and the second signal beam laser 9. As described
above, the input unit 13 simultaneously inputs plural
beams into the laser amplifier 12, and the plural inputted
beams are amplified in the planar waveguide 4.
[0014] The laser amplifier 12 includes the planar
waveguide 4 and the semiconductor lasers 5 for excita-
tion and is provided with the total reflection films 6 and
the anti-reflection films 7a and 7b on two side faces of
the planar waveguide 4. The total reflection films 6 are
materials to reflect the first signal beam 10 and the sec-
ond signal beam 11, and are formed on the two side faces
of the planar waveguide 4 where the excitation light 3
enters. The anti-reflection films 7a and 7b are materials
to pass the first signal beam 10 and the second signal
beam 11, and are provided on portions of the side faces
where the total reflection films 6 are formed.
[0015] Next, operations will be explained. In the laser
amplifier 12, the excitation light 3 outputted from the sem-
iconductor lasers 5 for excitation enters from side faces
of the planar waveguide 4. The excitation light 3 having
entered in the planar waveguide 4 is totally reflected on
interfaces between the core layer 1 and the clad layers
2 provided on the top and bottom faces thereof. The ex-
citation light 3 totally reflected on the interfaces between
the core layer 1 and the clad layers 2 is confined within
and guided along the core layer 1. The excitation light 3
confined within and guided along the core layer 1 is ab-

sorbed by the core layer 1 so that a population inversion
is produced in the core layer to have a laser gain.
[0016] The input unit 13 outputs the first signal beam
10 from the first signal beam laser 8 to be inputted into
the planar waveguide 4 through the anti-reflection film
7a. The first signal beam 10 is totally reflected on the
interfaces between the core layer 1 and the clad layers
2 in the planar waveguide 4. The first signal beam 10
totally reflected on the interfaces between the core layer
1 and the clad layers 2 is confined within and guided
along the core layer 1. The first signal beam 10 repeats
reflection between the total reflection films 6 formed on
the side faces of the planar waveguide 4 to follow a zigzag
course, thereby getting amplified by a laser gain induced
in the planar waveguide 4 by the semiconductor lasers
5 for excitation. The first signal beam 10 passes through
the anti-reflection film 7b formed on the side face of the
planar waveguide 4 to be outputted outside the planar
waveguide 4.
[0017] The second signal beam 11 outputted from the
second signal beam laser 9 is also inputted into the planar
waveguide 4 from the anti-reflection film 7a. Similarly to
the first signal beam 10, the second signal beam 11 is
confined within and guided along the core layer 1, and
passes through the anti-reflection film 7b to be outputted
outside the planar waveguide 4.
[0018] In Embodiment 1, each of the first signal beam
10 and the second signal beam 11 which are plural
beams produced by the input unit 13 enters the planar
waveguide 4 in the laser amplifier 12 from a same side
face of the planar waveguide 4, but enters at an input
angle different from each other. Therefore, in the planar
waveguide 4, the second signal beam 11 goes along a
path different from that of the first signal beam 10, to
utilize a gain of a portion of the planar waveguide 4 that
the first signal beam 10 cannot utilize.
[0019] As described above, in Embodiment 1 of the
present invention, there are provided the laser amplifier
12 that amplifies and outputs received beams, and the
input unit that inputs, at the same time, plural beams into
the laser amplifier 12. When such a configuration is used,
plural beams of the first signal beam 10 and the second
signal beam 11 enter the core layer 1 with a population
inversion produced by the excitation light 3, and each go
along different paths, thereby making it possible to in-
crease the laser beam amplification factors. As a result,
with respect to excitation light 3 having a certain level of
intensity, an extraction efficiency higher than those of
conventional planar waveguide laser amplifiers can be
obtained, thereby improving the extraction efficiency of
the outputted amplification beam with respect to the in-
putted excitation light. When setting so that the outputs
of the signal beams are made equal, an output per signal
beam can be made lower than that extracted by a con-
ventional technique in which a single signal beam is used,
thereby suppressing non-linear effects such as Brillouin
scattering and Raman scattering.

3 4 



EP 3 043 429 A1

4

5

10

15

20

25

30

35

40

45

50

55

Embodiment 2

[0020] In Embodiment 1, the input unit 13 inputs the
first signal beam 10 and the second signal beam 11
through a same side face of the laser amplifier 12; how-
ever, in Embodiment 2, a configuration will be shown in
which a laser amplifier 12 inputs the first signal beam 10
and the second signal beam 11 through different side
faces of the laser amplifier 12.
[0021] Figs. 2 show the configuration of a planar
waveguide laser amplification device according to Em-
bodiment 2 of the present invention. Fig. 2(a) is a side
view of the planar waveguide laser amplifier; Fig. 2(b) is
a top front view thereof. In Figs. 2, "7c" and "7d" denote
anti-reflection films; "14" and "15" denote input units.
[0022] In Embodiment 2, the first signal beam 10 from
the input unit 14 is inputted through an anti-reflection film
7a on a side face of the laser amplifier 12 into a planar
waveguide 4 in the laser amplifier 12. On the other hand,
the second signal beam 11 from the input unit 15 is in-
putted through an anti-reflection film 7c on another side
face of the laser amplifier 12 into the planar waveguide
4 of the laser amplifier 12. In the planar waveguide 4, the
first signal beam 10 inputted through the anti-reflection
film 7a is totally reflected on interfaces between a core
layer 1 and clad layers 2. The first signal beam 10 totally
reflected on the interfaces between the core layer 1 and
the clad layers 2 is confined within and guided along the
core layer 1. In a direction vertical to the waveguide di-
rection, the first signal beam 10 repeats reflection be-
tween the total reflection films 6 formed on side faces of
the planar waveguide 4 to follow a zigzag course, thereby
getting amplified by a laser gain induced in the planar
waveguide 4 by semiconductor lasers 5 for excitation.
The first signal beam 10 passes through an anti-reflection
film 7b formed on a side face of the planar waveguide 4
to be outputted outside the planar waveguide 4.
[0023] Similarly, the second signal beam 11 inputted
through an anti-reflection film 7c provided on a side face
of the laser amplifier 12 opposing to the anti-reflection
film 7a, is confined within and guided along the core layer
1 in the planar waveguide 4. The second signal beam 11
repeats reflection between the total reflection films 6
formed on the side faces of the planar waveguide 4 to
follow a zigzag course, thereby getting amplified by the
laser gain induced in the planar waveguide 4 by the sem-
iconductor lasers 5 for excitation. Here, in the planar
waveguide 4, the second signal beam 11 goes along a
path different from that the first signal beam 10 goes
along. The second signal beam 11 passes through an
anti-reflection film 7d formed on a side face of the planar
waveguide 4 to be outputted outside the planar
waveguide 4. As described above, the input units 14 and
15 have a feature in that the input units input plural beams
into different side faces of the laser amplifier 12.
[0024] In the planar waveguide 4, the second signal
beam 11 goes along a path different from that of the first
signal beam 10, to utilize a gain of a portion of the planar

waveguide 4 that the first signal beam 10 cannot utilize.
This leads to a result that, when using the configuration
shown in Embodiment 2 of the present invention, it is
possible to obtain an extraction efficiency higher than
those of conventional planar waveguide laser amplifiers.
In Embodiment 1, input positions and output positions
for the first signal beam 10 and the second signal beam
11 are the same; however, in Embodiment 2, input posi-
tions and output positions for the first signal beam 10 and
the second signal beam 11 are different. More specifi-
cally, the input units 14 and 15 input the first signal beam
10 and the second signal beam 11 into the laser amplifier
12 through different side faces of the laser amplifier 12,
respectively. This causes a laser power density on the
anti-reflection film 7a to be lowered than that in Embod-
iment 1, thereby lowering the possibility that the laser
outputs deteriorate the anti-reflection film 7b.

Embodiment 3

[0025] In Embodiments 1 and 2, the first signal beam
10 and the second signal beam 11 are outputted from
individual signal beam lasers; however, in Embodiment
3, a configuration will be shown in which the first signal
beam 10 and the second signal beam 11 is outputted
from a same signal beam laser.
[0026] Figs. 3 show a configuration of a planar
waveguide laser amplification device according to Em-
bodiment 3 of the present invention. Fig. 3(a) is a side
view of the planar waveguide laser amplifier; Fig. 3(b) is
a top front view thereof. In Figs. 3, "16" and "17" denote
total reflection mirrors; "18" denotes a beam splitter; "20"
denotes a signal beam laser.
[0027] Embodiment 3 has a feature in that signal
beams, which are outputted from individual signal beam
lasers in Embodiment 1 and Embodiment 2, are output-
ted from a single signal beam laser 20. A signal beam
outputted from the signal beam laser 20 in an input unit
13 is divided, by a beam splitter 18, into a first signal
beam 10 and a second signal beam 11. The angle of the
first signal beam 10 is adjusted by a total reflection mirror
16, and then the first signal beam is inputted into a planar
waveguide 4 through an anti-reflection film 7a. Similarly,
the angle of the second signal beam 11 is also adjusted
by a total reflection mirror 17, and then the second signal
beam is inputted into the planar waveguide 4 through an
anti-reflection film 7a. As described above, plural beams
are produced by dividing a beam outputted from the sin-
gle signal beam laser 20 with a splitter such as the beam
splitter 18, and the plural beams are inputted from differ-
ent positions into the planar waveguide 4 in the laser
amplifier 12.
[0028] Fig. 4 is an illustration that explains a method
for dividing the signal beam outputted from the single
signal beam laser 20 into the first signal beam 10 and
the second signal beam 11. A non-polarization laser 22
is used as the signal beam laser 20. In the figure, "21"
donates a half-wave plate; "22" donates a non-polariza-
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tion laser. In the non-polarization laser 22, a polarized
beam vertical to the sheet of Fig. 4 and a polarized beam
parallel thereto are mixed. When a laser that is outputted
from the non-polarization laser 22 and includes the po-
larized beams enters a polarization beam splitter 18, the
polarization beam component vertical to the sheet is re-
flected by the polarization beam splitter 18 to become a
first signal beam 10. On the other hand, the polarization
beam component parallel to the sheet passes through
the polarization beam splitter 18 to become a second
signal beam 11. As described above, the polarization
beam splitter 18 can separate the laser into plural beams.
Furthermore, if a half-wave plate 21 is inserted in the first
signal beam 10 or the second signal beam 11, the polar-
ization directions of the first signal 10 and the second
signal 11 can be adjusted to the same direction. Accord-
ing to a method having been explained in Fig. 4, the first
signal beam 10 and the second signal beam 11 can be
obtained from a single laser, and can be equalized in
wavelength or beam quality. As described above, in the
input unit 13, the plural beams that a splitter such as the
polarization beam splitter 18 produces through dividing
are equalized in polarization direction by inputting one of
the plural beams into a half-wave plate.
[0029] Fig. 5 is an illustration that explains another
method for dividing the signal beam outputted from the
single signal beam laser 20 into the first signal beam 10
and the second signal beam 11. In the figure, "23" do-
nates a half-wave plate; "24" donates a linear polarization
laser. For the signal beam laser 20, the linear polarization
laser 24 is used. It is assumed that the linear polarization
laser 24 is polarized parallel to the sheet of Fig. 5. Po-
larization of the laser polarized parallel to the sheet is
rotated by 45 degrees through the half-wave plate 23.
When the laser whose polarization is rotated by 45 de-
grees is inputted to the polarization beam splitter 18, a
polarization beam component vertical to the sheet is re-
flected by the polarization beam splitter 18 to become a
first signal beam 10, and a polarization beam component
parallel to the sheet passes through the polarization
beam splitter 18 to become a second signal beam 11.
As a result, the polarized beam can be separated into
the first signal beam 10 and the second signal beam 11.
Furthermore, if a half-wave plate 21 is inserted in the first
signal beam 10 or the second signal beam 11, the polar-
ization directions of the first signal beam 10 and the sec-
ond signal beam 11 can be adjusted to the same direc-
tion. According to a method having been explained in
Fig. 5, the first signal beam 10 and the second signal
beam 11 can be obtained from a single laser, and can
be equalized in wavelength, beam quality, or the like.
The rotation angle of polarization of the laser is adjusted
by the half-wave plate 23 placed before the polarization
beam splitter 18. By adjusting the rotation angle of po-
larization of the laser, the power ratio between the first
signal beam 10 and the second signal beam 11 can be
arbitrarily adjusted.
[0030] Fig. 6 is an illustration that explains another

method for dividing the signal beam outputted from a
single signal beam laser into the first signal beam 10 and
the second signal beam 11. In the figure, "25" denotes a
partial reflection mirror. A non-polarization laser 22 or a
linear polarization laser 24 can be used as the signal
beam laser 20. The output from the signal beam laser 20
can be separated into a first signal beam 10 and a second
signal beam 11 by passing through and being reflected
by the partial reflection mirror 25. According to a method
explained in Fig. 6, the first signal beam 10 and the sec-
ond signal beam 11 can be obtained from a single laser,
and can be equalized in wavelength, beam quality, or the
like. By selecting the reflectance of the partial reflection
mirror 25, the power ratio between the first signal beam
10 and the second signal beam 11 can be arbitrarily ad-
justed.
[0031] As described above, in Embodiment 3, the input
unit 13 inputs plural beams into the laser amplifier 12 at
different angles. By adopting such a configuration, it is
possible to obtain an extraction efficiency higher than
those of conventional planar waveguide laser amplifiers.
Furthermore, the plural beams are produced by dividing
a signal beam outputted from the single signal beam laser
20 with a splitter such as the polarization beam splitter
18. With such a configuration, plural beams can be pro-
duced from a single signal beam laser 20, and plural
beams can be produced efficiently. Moreover, in the input
unit 13, one of the plural beams that the splitter produces
through dividing is inputted into a half-wave plate. By this
configuration, the polarization directions of plural beams
can be adjusted to the same direction.

Embodiment 4

[0032] In Embodiments 1 to 3 , the first signal beam
10 and the second signal beam 11 have the same wave-
length; however, in Embodiment 4, a configuration will
be shown in which the first signal beam 10 and the second
signal beam 11, being plural beams, have different wave-
lengths.
[0033] Figs. 7 show a configuration of a planar
waveguide laser amplification device according to Em-
bodiment 4 of the present invention. Fig. 7(a) is a side
view of the planar waveguide laser amplifier; Fig. 7(b) is
a top front view thereof.
[0034] A second signal beam 11 outputted from a sec-
ond signal beam laser 9 has a wavelength different from
that of a first signal beam 10 outputted from a first signal
beam laser 8. The first signal beam 10 outputted from
the first signal beam laser 8 and the second signal beam
11 outputted from the second signal beam laser 9 enter
the planar waveguide 4 through an anti-reflection film 7a.
[0035] In Embodiment 4, similarly to Embodiment 1,
the first signal beam 10 and the second signal beam 11
are confined within and guided along the core layer 1.
However, the second signal beam 11 outputted from the
second signal beam laser 9 has a wavelength different
from that of the first signal beam 10 outputted from the
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first signal beam laser 8. Therefore, plural wavelengths
can be outputted from a single planar waveguide laser
amplifier. Furthermore, if the laser gain unevenly
spreads, plural signal beams of different wavelengths
have different amplification factors. This reduces gain
dropping caused by spectral hole burning which creates
holes at a specific frequency in the spectrum, thereby
improving the extraction efficiency.
[0036] Furthermore, the plural beams are produced by
dividing a signal beam outputted from the single signal
beam laser 20 with a splitter such as the polarization
beam splitter 18. With such a configuration, plural beams
can be produced from a single signal beam laser 20, and
the plural beams can be produced efficiently. Moreover,
in the input unit 13, one of the plural beams that the splitter
produces through dividing is inputted into a half-wave
plate. By this configuration, the polarization directions of
plural beams can be adjusted to the same direction.
[0037] So far, explanation has been made using a sin-
gle clad structure in which clad layers 2 are provided on
the top and bottom faces of a core layer 1, so that exci-
tation light and a signal beam are totally reflected on the
interfaces between the core layer 1 and the clad layers
2 to be confined within the core layer 1. As another em-
bodiment, it is possible to further provide, on the top and
bottom faces, second clad layers having refractive index-
es lower than those of the clad layers 2. In this case,
excitation light 3 is totally reflected on interfaces between
the clad layers 2 and the second clad layers to be con-
fined within the core layer 1 or the clad layers 2. Further-
more, the signal beams are totally reflected on interfaces
between the core layer 1 and clad layers 2 to be confined
within the core layer 1. Even in such a double clad struc-
ture waveguide, the methods described in Embodiments
1 to 4 can be performed.
[0038] As described above, the input unit 13 of Em-
bodiment 4 inputs plural beams having different wave-
lengths into the laser amplifier 12. By adopting such a
configuration, it is possible to obtain an extraction effi-
ciency higher than those of conventional planar
waveguide laser amplifiers.
[0039] In the scope of the present invention, it is pos-
sible to freely combine the individual embodiments, or to
modify or omit any components of the individual embod-
iments. For example, three signal beam lasers may be
provided. Furthermore, the laser amplifier 12 may be a
planar waveguide laser amplifier.

Embodiment 5

[0040] In Embodiments 1 to 4, a specific configuration
has not been described in which plural signal beams po-
larized differently have different wavelengths; in Embod-
iment 5, an effective configuration of that case will be
described. An embodiment will especially be explained
in which plural signal beams each having different wave-
lengths are inputted into a planar waveguide laser am-
plifier having a laser medium to give maximum gains at

different wavelengths depending on respective polariza-
tion directions, in the polarization directions at which to
maximize respective signal beams’ gains, to thereby
maximize amplification gains of respective signal beams.
[0041] Figs. 8 are views showing the configuration of
a planar waveguide laser amplification device according
to Embodiment 5 of the present invention. Fig. 8(a) is a
side view of the planar waveguide laser amplifier; Fig.
8(b) is a top front view thereof.
[0042] Embodiment 5 has a feature in that a first signal
beam 10 outputted from a first signal beam laser 8 and
a second signal beam 11 outputted from a second signal
beam laser 9 each have different wavelengths and their
polarization directions are orthogonal to each other. The
core layer 1 has a feature in that the core layer is formed
of a laser medium to give maximum gains at different
wavelengths depending on the polarization directions of
laser beams. An example of the laser medium that gives
maximum gains at different wavelengths depending on
respective polarization directions, is Nd:YLF. Nd:YLF
has a high gain at a wavelength of 1047 nm for a signal
beam with p-polarization (in a direction perpendicular to
the c-axis of a crystal) and has a high gain at a wavelength
of 1053 nm with s-polarization (in a direction parallel to
the c-axis of a crystal).
[0043] The first signal beam 10 has a wavelength of
1053 nm, and is inputted, through an anti-reflection film
7a on a side face of the laser amplifier 12, into a planar
waveguide 4 in the laser amplifier 12 so as to be a signal
beam with p-polarization with respect to the core layer
1. On the other hand, the second signal beam 11 from
an input unit 15 has a wavelength of 1047 nm, and is
inputted, through an anti-reflection film 7c on the other
side face of the laser amplifier 12, into the planar
waveguide 4 of the laser amplifier 12 so as to be a signal
beam with s-polarization with respect to the core layer 1.
In addition, it is assumed that the c-axis of the crystal of
the core layer 1 is parallel to a thickness-wise direction
of the waveguide (the c-axis of the crystal of the core
layer 1 is perpendicular to the clad layer 2). The first signal
beam 10 inputted to the planar waveguide 4 is totally
reflected on the interfaces between the core layer 1 and
the clad layers 2 in the planar waveguide 4, and is con-
fined within and guided along the core layer 1. The first
signal beam 10 repeats reflection between the total re-
flection films 6 formed on the side faces of the planar
waveguide 4 to follow a zigzag course, thereby getting
amplified by the laser gain induced in the planar
waveguide 4 by the semiconductor lasers 5 for excitation.
The first signal beam 10 passes through an anti-reflection
film 7b formed on a side face of the planar waveguide 4
to be outputted outside the planar waveguide 4.
[0044] Similarly, the second signal beam 11 inputted
through an anti-reflection film 7c provided on a side face
of the laser amplifier 12 opposite to the anti-reflection film
7a, is confined within and guided along the core layer 1
in the planar waveguide 4. The second signal beam 11
repeats reflection between the total reflection films 6
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formed on the side faces of the planar waveguide 4 to
follow a zigzag course, so that a signal beam component
of a wavelength of 1047 nm is amplified by the laser gain
induced in the planar waveguide 4 by the semiconductor
lasers 5 for excitation. Here, in the planar waveguide 4,
the second signal beam 11 goes along a path different
from that of the first signal beam 10.
[0045] In Embodiment 5, similarly to Embodiment 4,
the second signal beam 11 outputted from the second
signal beam laser 9 has a wavelength different from that
of the first signal beam 10 outputted from the first signal
beam laser 8. Because a same transition band is utilized
for laser gains of the signal beam 10 having a wavelength
of 1053 nm and the signal beam 11 having a wavelength
of 1047 nm, if the signal beam 10 and the signal beam
11 pass through a same path in the planar waveguide 4,
the output of the signal beam 11 having a wavelength of
1047 nm to be amplified through a larger gain becomes
larger than that of the signal beam 10 having a wave-
length of 1053 nm to be amplified through a smaller gain;
however, in Embodiment 5, the signal beam 10 goes, in
the planar waveguide 4, along a path different from that
of the signal beam 11, so that the first signal beam 10
can utilize a gain of the part of the planar waveguide 4
that the second signal beam 11 does not utilize. By using
such a configuration, it is possible to obtain, from a single
planar waveguide laser amplifier, large outputs of signal
beams having different wavelengths.
[0046] So far, explanation has been made for a single
clad structure in which the clad layers 2 are provided on
the top and bottom faces of the core layer 1 so that ex-
citation light and a signal beam are totally reflected on
the interfaces between the core layer 1 and the clad lay-
ers 2 to be confined within the core layer 1. As an em-
bodiment other than those embodiments, it is possible
to further provide second clad layers having a refractive
index smaller than that of the clad layers 2 on the top and
bottom faces of the clad layers 2. In this case, excitation
light 3 is totally reflected on interfaces between the clad
layers 2 and the second clad layers to be confined within
the core layer 1 or the clad layers 2. Furthermore, the
signal beams are totally reflected on interfaces between
the core layer 1 and the clad layers 2 to be confined within
the core layer 1. Even in such a double clad structure
waveguide, it is possible to carry out the method de-
scribed in Embodiment 5.
[0047] In the scope of the present invention, it is pos-
sible to freely combine Embodiment 5 with Embodiments
1 to 4, or modify or omit any components of respective
embodiments. For example, three signal beam lasers
may be provided. In addition, the laser amplifier 12 may
be a laser amplifier in which a slab type laser medium is
used.

Numeral Explanation

[0048]

1: core layer
2: clad layer
3: excitation light
4: planar waveguide
5: semiconductor laser for excitation
6: total reflection film
7a, 7b: anti-reflection film
8: first signal beam laser
9: second signal beam laser
10: first signal beam
11: second signal beam
12: laser amplifier
13: input unit
16, 17: total reflection mirror
18: polarization beam splitter
20: signal beam laser
21: half-wave plate
22: non-polarization laser
23: half-wave plate
24: linear polarization laser
25: partial reflection mirror
26: polarization direction of first signal beam
27: polarization direction of second signal beam

Claims

1. A laser amplification device comprising:

a planar waveguide laser amplifier to amplify
and output received beams; and
an input unit to simultaneously input plural
beams into the planar waveguide laser amplifier.

2. The laser amplification device according to claim 1,
wherein the input unit inputs, into the planar
waveguide laser amplifier, the plural beams at dif-
ferent angles thereto or from different side faces
thereof.

3. The laser amplification device according to claim 1
or claim 2, wherein the input unit produces the plural
beams by dividing, with a splitter, a beam outputted
from a single signal beam laser.

4. The laser amplification device according to claim 3,
wherein the input unit is provided with a half-wave
plate into which one of the plural beams that the split-
ter produces by dividing is inputted.

5. The laser amplification device according to claim 1
or claim 2, wherein the plural beams have different
wavelengths.

6. The laser amplification device according to claim 1,
wherein the planar waveguide laser amplifier in-
cludes a plate-shaped laser medium and clads
formed on the top and bottom faces of the plate-
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shaped laser medium, and the plural beams are to-
tally reflected on the clads formed on the top and
bottom faces to be confined within the plate-shaped
laser medium.

7. The laser amplification device according to claim 6,
wherein the plural beams follow different paths in the
planar laser medium.

8. The laser amplification device according to claim 7,
wherein the plate-shaped laser medium is excited
by light, and a reflection film and an anti-reflection
film are provided on the side face of a planar
waveguide to which the beams are inputted in the
planar waveguide laser amplifier.

9. The laser amplification device according to any one
of claims 1, 2, and 6 to 8, wherein the plural beams
are polarized in polarization directions orthogonal to
each other and have different wavelengths, and the
laser medium included in the planar waveguide laser
amplifier has a maximum gain at a different wave-
length depending on the polarization directions of
the inputted beams.
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