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DESCRIPTION

LtJ

OPTICAL FIBER AND LASER OSCILLATOR USING 5AM

TECHNICAL FIELD

[0001] The present invention relates to an optical fiber and a laser

osclillator using the same.

BACKGROUND ART

[0002] Laser oscillators utilizing an optical fiber have been widely

used. This type of laser oscillator 1s configured to oscillate a laser

light by the optical fiber with use of an excitation light to be

oscillated from a light source. The optical fiber to be used for this

type of laser oscillator 1s made of, for instance, fluoride glass such

as ZBLAN glass doped with a laser medium such as erbium. However, there
is a drawback that fluoride glass as described above, particularly

ZBLAN glass, deligquesces by molisture contained 1n the atmosphere by

which the laser light from the optical fiber 1s absorbed. Put

differently, there is a drawback that an end surface of the optical

fiber 1s damaged.

[0003] In PTL 1, for instance, an end cap 1is jolned to the end surface

of the optical fiber in order to solve the drawback. With the

construction, the end surface of the optical fiber 1s not exposed to

the atmosphere. Hence, the end surface of the optical fiber can be
prevented from deliquescing by the moisture contailned in the

atmosphere.

[0004] The laser medium contained in the optical fiber generates heat

by absorbing the excitation light. Hence, it 1s required to prevent

that the optical fiber is burnt and damaged by the heat generation.

In PTL 2, for instance, the optical fiber 1s 1nterposed and held between

two metallic plates and heat from the optical fiber 1s transferred

thereto. Thus, damage of the optical fiber attributed to heat

generation 1s prevented.

CITATION LIST

PATENT LITERATURE

[0005] PTL 1: Japan Laid-open Patent Application Publication No.
2007-273842
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PTL 2: Japan Laid-open Patent Application Publication No.

2001-274489
SUMMARY OF INVENTION

Technical Problems

[(0006] In 1interposing and holding the optical fiber between the two

metallic plates as described above, 1t 1s difficult to completely

interpose and hold the optical fiber inclusive of its both ends between

the metallic plates. Hence, chances are that the both ends of the

optical fiber are exposed from the metallic plates. In this case, a

drawback 1s caused that the optical fiber generates heat and 1s damaged
at its first end on which the excitation light is incident.

(0007] It is an object of the present invention to inhibit damage of
an end of an optical fiber.

Solution to Problems

[0008] (1) An optical fiber according to a first aspect of the present

invention 1s an optical fiber for genérating or amplifying a laser

light with use of an excitation light. The optical fiber includes a

first optical fiber body, a second optical fiber body and a first end
cap. The first optical fiber body includes a first core and a first
cladding. The second optical fiber body includes a second core and

—
—

a second cladding, and 1s jolned at a first end surtface thereof to

a first end surface of the first optical fiber body. The first end

'—
p——

cap has light permeability and 1s joined to a second end surface ot

the second optical fiber body. The first core 1s doped with a laser
medium. A mass content of the laser medium 1n the second core 1s lower

than a mass content of the laser medium 1n the first core.

(0009] According to the present construction, firstly, the second

optical fiber body is joined to the first end surface of the first

optical fiber body, and thus, the first end surface 1s not exposed

to the atmosphere. The first end surface can be thereby prevented from
deliguescing by moisture contained in the atmosphere in which an output

light 1s absorbed. Additionally, the first end cap is jolned to the

second end surface of the second optical fiber body, and the second

end surface 1s not exposed to the atmosphere. Hence, dellqguescence

2
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of the second end surface can be similarly prevented.

[0010] Moreover, the second optical fiber body is joined to the first

end surface of the first optical fiber body. Hence, when the first

optical fiber body 1is, for instance, interposed and held between

cooling members such as metallic plates, the first end of the first

optical fiber body is prevented from being expocsed from the cooling
members. As a result, the first optical fiber body inclusive of its

first end can be sufficiently cooled, and thereby, damage of the first

core by generation of heat can be prevented. It should be noted that

the second optical fiber body has a possibility of being partially

exposed from the cooling members. However, the mass content of the

laser medium in the second core of the second optical fiber body is

set to be lower than that of the laser medium in the first core of

the first optical fiber body, and hence, the absorbance of the

excltation light by the second core is lower than that of the excitation

light by the first core. Accordingly, generation of heat by the second

F

core can be 1nhibited, and hence, damage of the second core by

generation of heat can be inhibited. It should be noted that the first
end of the first optical fiber body means an end to which the second

optical fiber body is connected. Additionally, the present optical

fiber is preferably used such that the excitation light is incident

thereon from the first end cap side.

[0011] (2) It is preferable that the first core is doped with the laser

medium, and the second core is not doped with the laser medium.

According to the present construction, the second core is not doped

g

with any laser medium, and hence, generation of heat attributed to

absorption of an excitation light is prevented. As a result, even when

the second optical fiber body is partially exposed from cooling members,

damage of the second core can be prevented.

10012] (3) It is preferable that the first and second optical fiber

bodies are made of fluoride glass, and the laser medium is a rare earth

element. Specifically, 1t is preferable that the first and second

optical fiber bodies are made of ZBLAN glass, and the laser medium

1S erbium.
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[(0013] According to the present construction, luminescence
characteristics and so forth can be enhaiuced. Additionally, fluoride
glass, especially ZBLAN glass, has dellguescence, and hence, applying
the preserﬁi invention to the optical fiber is particularly effective.
5 [0014] (4) It is preferable that the first end cap is made of calcium
fluoride. | ‘
[0015] (5) It ispreferable that the second core has a diameter larger
than a diameter of the first core, and is designed tec have a length
whereby reflection of an output 1light from the first core is prevented
10 within the second core. According to the present construction, an
output light can be outputted from the first core without changing
the mode of the output lighf.
[001e] (6) It is preferable that the optical fiber further includes
3 second end cap that has light permeabllity and is joined to a second
15 end surface of the first optical fiber body. According to the present

construction, damage of the second end surface of the first optical

fiber body can be also prevented.
[0017] (7) It is preferable that the optical fiber further includes
a cooling member for cooling the £irst optical f£ibex body and the second
20 optical fiber body. According to the present construction, damage of
the first core of the first optical fiber body by generation of heat
can be prevented.
[0018] (8) A laser oscillator according to a second aspect of the
present invention includes the optical fiber having any of the
25 aforementioned constructions, a chassis accommodating the optical
fiber, and a 1ight source configured to oscillate the excitation light.
Advantageous Effects of Invention
[0019] According to the present invention, damage of an end of an
optical fiber can be inhibited.
30 BRIEF DESCRIPTION OF THE DRAWINGS
[0020] FIG. 1 is a schematic diagram showing a construction of a lasexr
oscillator.
FIG. 2 is a cross—-sectional view of a front end side part of an

optical fiber.
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FIG. 3 1s a cross-sectional view of a second end slde part of the

optical fiber.

FIG. 4 1s a detailed cross-sectional view of first and second

i

optical fiber bodies on the first end side of the optical fiber.

FIG. 5 1s a cross—-sectional view of a second end side part of an

optical fiber according to Modification 1.

DESCRIPTION OF EMBODIMENTS

[0021] An exemplary embodiment of an optical fiber and a laser

oscillator using the same according to the present invention will be

hereinafter explained with retference to drawings. FIG. 1 1s a

schematic diagram of a construction of the laser oscillator.

[0022] As shown 1n FIG. 1, a laser oscillator 1 includes a 1light source
2, first tothird lenses 3a, 3band 3¢, first and second dichrolicmirrors

4a and 4b, a damper 5, an optical fiber 6, a chassilis 7 and a chiller

8 .

[0023] The light source 2 1s configured to oscillate an excitation

*

light, and can be composed of, for i1nstance, a lamp, a semiconductor

laser or so forth. The excitation light oscillated i1n the 1light source

2 1s outputted through an excitation light transmission fiber Za.

10024] The first lens 3a 1s a lens functioning as a collimator lens,

and 1s disposed between the excitation light transmission fiber Za

and a first window part 7a of the chassis 7 to be described. The first

lens 3a 1s configured to convert the excitation light, transmitted

thereto from the 1ight source 2, i1nto a state of collimated light from
a state of divergent light.

[0025] The second lens 3b 1s a lens functioning as a condenser lens

and a collimator lens, and 1s disposed between the first dichroicmirror

4a and a first end 67 of the optical fiber 6. The second lens 3b 1s

configured to condense the excitation light converted into the state

-

of collimated light by the first lens 3a and irradiate the condensed

light to the optical fiber 6, and 1s also configured to convert the

laser light irradiated from the optical fiber 6 into the state of

collimated light.

10026] The third lens 3¢ 15 a lens functioning as a condenser lens

S
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and a collimator lens, and is disposed between the second dichroic

mirror 4b and a second end 68 of the optical fiber 6. The thira lens

3¢ is configured to convert the excitation light and the laser light

5.

from the optical fiber 6 into the state of collimated light, and 1s

also configured to condense the laser light from the second dichroic

mirror 4b and irradiate the condensed light to the optical fiber o.

'0027] The first dichroicmirror 4a is disposed between the first lens

3a and the second lens 3b. The first dichroic mirror 4a is designed

to allow passage of the excitation light from the light source 2 and

reflect the laser light from the optical fiber 6 so as to change its

transmission direction.

(0028] The second‘diChroic mirror 4b is disposed between the third

lens 3c and the damper 5. The second dichroic mirror 4b 1s designed

to allow passage of the excitation light from the optical fiber 6 and

reflect the laser light from the optical fiber o.
'0029] The damper 5 is a member disposed downstream of the second
dichroic mirror 4b so as to absorb the excitation light that has passed

through the second dichrcic mirror 4Db.

[0030] FIG. 2 is a cross-sectional side view of a first end 67 side

part of the optical fiber 6, whereas FIG. 3 is a cross-sectional side

view of a second end 68 side part of the optical fiber 6. As shown

in FIGS. 2 and 3, the optical fiber 6 includes a first optical fiber

body 61, a second optical fiber body 62, a first end cap 63, a second

end cap 64 and a coollng member 6©0.

(0031] The first optical fiber body 61 is a main portion of the optical

fiber 6 and a laser light is produced in the first optical fiber body

1. FIG. 4 is a cross-sectional side view of a detailed construction

of the first optical fiber body 61 and the second optical fiber body

62 on the first end 67 side of the optical fiber 6. As shown in FIG.

4, the first optical fiber body 61 has a first core 611 and a first

cladding 612 formed so as to enclose the first core 611.

'0032] The first core 611 is made of fluoride glass doped with a rare

carth element as a laser medium, and 1is preferably made of ZBLAN

(ZrF,-BaF,-LaF;-AlF;-NaF) glass doped with erbium. The first cladding

6
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612 is made of fluoride glass, and is preferably made of ZBLAN glass.
Tt should be noted that the first cladding 612 has a refractive index
lower than that of the first core 611 and is not doped with any laser
medium, |

5 [0033] A first end surface 623 of the second optical fiber body 62
is joined to a first end surface 613 of the first optical fiber body
61. The second optical fiber body 62 has a second core 621 and a second
cladding 622 formed so as to enclose the second core 621. The second
optical fiber bedy 62 extends coaxially to the first optical fiber

10 Dbody 61, and has a diameter roughly equal to that of the first optical
fiber body 6l. Put diffe;ently, the second cladding 622 has an outer
diameter roughly equal to that of the first: cladding 612. It should
be noted that the second optical fiber body 62 is joined to the first
optical fiber body 61 by thermal fusion boding.

15 [0034] The second core 621 of the second optical fiber body 62 has
a diameter larger than that of the first core 611 of the first optical
fiber body 61. Additionally, the second optical fiber bedy 62 is
designed to have a length whereby reflection of a laser light from
the first optical fiber body 61 is prevented within the second core

50 €21. Put differently, when entering the second core 621 from the first
core 611, the laser light is irradiated from the second core 621 before
being reflected within the second core 621. Moreover, the second core
621 is not doped with any rare earth element such as erbium as a laser
medium, and thus, does not generate heat even when an excitation light

o5  is incident thereon. Put differently, no laser light is produced in

the second optical fiber body 62Z.
[0035] As shown in FIG. 2, the first end cap 63 is joined to a second

end surface 624 of the second optical fiber body 62. Specifically,

the first end cap 63 is joined to the second optical fiber body 62

30 bythermal fusion bonding. The first end cap 63 has light permeability
~of allowing an excitation light and a laser light to pass therethrough,

and does not have deliquescence. Additionally, the first end cap €3
preférably has a melting point higher than or equal to that of the
second optical fiber body 62, and preferably has a thermal conductivity

7
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higher than ﬂﬁt of the second op’;ical fiber body 62 $0 as to cool the second
and surface 624 of the second optical fiber body %z2. Moreover, the
first end cap 63 preferably has a coefficient of linear expansion
equivalent to that of the second optical fiber body 62 so as to be

5 t:..ghtly joined to the second optical fiber body 62. Specifically, the
first end cap 63 can be a crystal of calcium fluoxride or so forth.
alternatively, the first end cap 63 may be a crystal of quartz or so

forth.
'0036] As shown in FIG. 3, the second end cap 64 is jolned to a second

10 end surface 614 of the first optical fiber body 61. Specifically, the
second end cap 64 is joined to the first optical £iber body 61 by themmal
fusion bonding. The second end cap 64 has the same construction as
‘he aforementioned first end cap 63, and therefore, the detailed
explanation thereof will not be described.

15 [0037] As shown in FIGS. 2 and 3, the cooling member 65 is composed
of two metallic plates 65la and 651b. The metallic plates 65la and
651b are made of, for instance, copper. The cooling member 65 is
constructed to hold the first and second optical fiber bedies 61 and
62 such that the first and second optical fiber bodies 61 and 62 are

20 interposed between the two metallic plates 65la and 651lb. It should
»e noted that the first optical fiber body 61 is entirely interposed
in and held by the cooling member 65. Put differently, the first
optical flbez: body 61 is not exposed from the respectivemetallic plates
651a and 651b in its lengthw:Lse direction.

o5 {00381 When described in more detail, the metallic plates 65la and

651b respectively have recesses on their opposed surfaces in order

+6 hold the first and second optical fiber bodies 61 and 62. The first

and second optical fiber bodies 6l and 62 are accommodated 1n an
accommodation part delimited by the respective recesses, and are
30 contacted to the respective metallic plates 651a and 651b within the
accommodation part. With the construction, when heat is generated in
+he first and second optical fiber bodies 61 and 62, the generated
heat is released through the metallic plates 6§51a and 651b. It should
be noted that t.he.respecti.ve metallic plates 651a and 651b are contacted

8
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to each other at other parts except for the recesses. The metallic
plate 651b, dlsposed as the bottom side one of the metallic plates,
is contacted to a base part of the chassis 7 to be described.
[0039] As shown in FIG. 1, the chassis 7 is a cubical box member and
accormodates the second and third lenses 3b and 3¢, the first and second
dichroic mirrors 4a and 4b, the damper 5 and the optical fiber 6. The
chassis 7 has the first window part 7z and a second window part 7b,
both of which have light permeability. The excitation light from the
light source 2 is transmitted into the chassis 7 through the first
window part 7a and is fed to the optical fiber 6. On the other hand,
the laser light from the optical fiber 6 is outputted to the outside
of the chassis 7 through the second window part 7b.

(00407 Additionally, the chassis 7 has the base part (not shown in
the drawing) on its bottom side. A flowpath inwhich refrigerant flows
is formed in the interiox of the base part. The aforemehtionedmetallic
plate 651b is mounted onto the base part, and is thereby coocled.
Additionally, the metallic plate 651a is contacted to the metallic
plate 651b, and is thus cooled by héat transference therebetween.
[0041] The intericr of the chassis 7 is filled with nitrogen.
Additionally, a desiccant is put in the interior of the chassis 7 in
order to remove moisture in the interior of the chassis 7.

[0042] The chiller 8 is connected to the chassis 7 through pipes B8a.
The chiller 8 is cenfiqured to requlate the temperature of the
refrigerant £lowing w.;'Lthin the base part of the chassis 7.
Specifically, the chiller 8 is configured to cool the refrigerant fed
from the base part of the chassis 7 through one pipe 8a. The refrigerant
cooled by the chiller 8 is returned to the base part of the chassis
7 through the other pipe 8a. |
[0043] Next, an action of the laser oscillator 1 constructed as
described above will be explained.

[0044] An excitation light oscillated by the light source 2 is
outputted from the excitation light transmission fiber 2a, is converted
into the state of parallel light by the first lens 3a, and is transmitted

into the chassis 7 through the first window part 7a. The excitation
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light transmitted into the chassis 7 penetrates through the first

dichroic mirror 4a, is condensed by the second lens 3b, and enters

the optical fiber 6 from its first end 67. When described in more

detail, the excitation light enters the optical fiber 6 from its first

end cap 63.

[0045] After entering the optical fiber 6, the excitation light

propagates through the first core 611 of the first optical fiber body

61. Erbium doped in the first core 611 is thereby excited and outputs

a laser light. It should be noted that the excitation light also

F

propagates through the second core 621 of the second optical fiber

body 62, but a laser light is not outputted in the second core 621

because the second core 621 is not doped with erbium. The excitation

light is gradually reduced in intensity during propagation through

the first core 611. Then, the excitation light, irradiated from the

second end 68 of the optical fiber 6, penetrates through the third
lens 3¢ and the second dichroic mirror 4b and is absorbed by the damper

5.
[0046] On the other hand, the laser light generated in the first core

611 of the first optical fiber body 61 is irradiated from the second

end 68 of the optical fiber 6, and is converted into the state of parallel

light by the third lens 3c. Then, the laser light is reflected by the

second dichroicmirror 4b, is condensed by the third lens 3¢, and enters

the optical fiber 6 from the second end 68 side. After entering the

optical fiber 6, the laser light propagates through the first core

611 of the first optical fiber body 61, and is irradiated from the
first end 67 of the optical fiber 6. Then, the laser light is converted

into the state of parallel light by the second lens 3b, 1s reflected

by the first dichroic mirror 4a, is changed in propagation direction
so as to be directed to the second window part 7b, and is lrradiated

to the outside of the chassis 7 through the second window part /D.
[00477] [Features]

The optical fiber 6 according to the present exemplary embodiment

has the following features.

(0048] (1) First, the second optical fiber body 62 1s jolned to the

10
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first end surface 613 of the first optical fiber body 61, and the first
end surface 613 is not exposed to the atmosphere. Hence, the first end
surface 613 can be prevented from deliquescing by moisture contained 1in
the atmosphere in which an output light is absorbed. Additionally, the
first end cap 63 1s joined to the second end surface 624 of the second
optical fiber body 62, and the second end surface 624 1s not exposed to
the atmosphere. Hence, deliquescence of the second end surface 624 can
be similarly prevented.

[0049] Moreover, the second optical fiber body 62 is jolned to the first
end surface 613 of the first optical fiber body o©0l. Hence, when the
first optical fiber body 61 is interpocsed and held between the metallic
pnlates 65la and 651b, the first end 67 of the first optical fiber body
61 1s prevented from belng exposed from the metallic plates 65la and
651b. As a result, the first end 67 of the first optical flber body ol
can be also sufficiently cooled, and thereby, damage of the first core
611 by generation of heat can be prevented. It should be noted that the
second optical fiber body 62 has a possibility of being exposed from the

metallic plates 65la and 651b. However, the second core 621 1s not doped

with any laser medium, and thus, the second core 621 can be prevented
from generating heat by absorption of an excitation light. As a result,
even when the second optical fiber body 62 i1s exposed from the metallic
plates 651a and 651b, damage of the second core 621 can be prevented.

[0050] (2) The second core 621 has a diameter larger than that of the
first core 611 and is designed to have a length whereby reflection of an
output light from the first core 611 1s prevented wlithin the second core
621. Therefore, a laser light generated by the first core 621 can be

outputted without changing the mode of the laser light.
[0051] (3) The second end cap 64 1s joined to the second end surface 614

of the first optical fiber body 61, and hence, damage of the second end
surface €14 of the first optical fiber body 61 can be also prevented.
[0052] [Modifications]

One exemplary embodiment of the present 1nvention has Dbeen

explained above. However, the present invention 1s not limited to the
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aforementioned exemplary embodiment, and a variety of changes can be
herein made without departing from the scope of the present invention.

[0053] Modification 1

In the aforementioned exemplary embodiment, the second end cap 64

is joined to the second end surface 614 of the first optical fiber
body 61, but the construction composed of these elements 1s not

particularly limited to this. For example, as shown in FIG. 5, a third

optical fiber body 66 may be interposed between the first optical fiber

body 61 and the second end cap 64. Specifically, the third optical

fiber body 66 is joined at a first end surface 663 to the second end

P

surface 614 of the first optical fiber body tl, and 1s jolned at a

second end surface 664 to the second end cap 64. The third optical
fiber body 66 can have the same construction as the second optilcal
fiber body 6Z.

[0054] Modification Z

In the aforementioned exemplary embodiment, the second core 021

of the second optical fiber body 62 does not contain any laser medium,
but its configuration regarding containment of a laser medium 1S not
limited to this. For example, the second core 621 of the second optical

fiber body 62 may contain a laser medium with a mass content lower

than that of the laser medium contalned in the first core 611 of the

first optical fiber body 61. It should be noted that the mass content

of the laser medium contained in the second core 621 depends on the

intensity of an excitation light, the sort of a laser medlium and soO

forth, but is preferably set such that the second core 621 1s not damaged

by generation of heat.

[0055] Modification 3

In the aforementicned exemplary embodiment, the first optical

fiber body 61 is designed to include the first core 611 and the first

cladding 612 formed so as to enclose the first core 611, but 1ts

construction is not limited to this. For example, the first optical

fiber body 61 can be formed as a so-called double cladding filber.

Specifically, the first cladding 612 may be composed of an inner

cladding and an outer cladding enclosing the 1nner cladding.

12
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ERENCE SIGNS LIST

[0056] 1 Laser oscillator

2

S
ol
0ll
0l2
013
614
62
621
022
023
024
63
04
65

Light source

Optical fiber

First optical fiber body
First core

First cladding

First end surface

Second end surface
Second optical fiber body
Second core

Second cladding

First end surface
Second end surface
First end cap
Second end cap

Cooling member
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CLAIMS:

1. An optical fiber for generating or amplifying a laser light
with use of an excitation light, comprising:

a first optical fiber body including a first core and a
first cladding;

a second optical fiber body including a second core and a
second cladding and joined at a first end surface thereof to a
first end surface of the first optical fiber body; and

a first end cap having light permeability and Jjolned to a
second end surface of the second optical fiber body;

wherein:

the first core is doped with a laser medium;

a mass content of the laser medium in the second core 1s
lower than a mass content of the laser medium 1n the first core;

and

the second core has a diameter larger than a diameter of
the first core and 1is designed to have a length whereby
reflection of an output light from the first core 1s prevented
within the second core.
2. The optical fiber recited in claim 1, whereiln

the first core is doped with the laser medium, and

the second core is not doped with the laser medlumn.
3. The optical fiber recited in claim 1 or 2, wherein

the first and second optical fiber bodies are made of
fluoride glass, and

the laser medium 1is a rare earth element.

4 . The optical fiber recited in claim 3, wherein the first and

second optical fiber bodies are made of ZBLAN glass.

5. The optical fiber recited in claim 3 or 4, wherein the

laser medium 1S erbium.

6. The optical fiber recited in any of claims 1 to 5, whereiln

the first end cap is made of calcium fluoride.

14
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7. The optical fiber recited in any of claims 1 to 6, further
comprising:

a second end cap having light permeability and joined to a
second end surface of the first optical fiber body.
3. The optical fiber recited in any of claims 1 to 7/, further
comprlsing:

a cooling member for cooling the first optical fiber body
and the second optical fiber body.

9. A laser oscillator, comprising:

the optical fiber recited in any of claims 1 to 8;
a chassis accommodating the optical fiber; and

a light source configured to oscillate the excitation

light.
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