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DESCRIPTION

TECHNICAL FIELD

[0001] The present invention relates to a polarization-maintaining optical fiber suitable for an
optical transmission system using a laser diode or the like mainly used in the visible
wavelength range, and in particular, a polarization-maintaining optical fiber which can be used
in the entire wavelength range of 400 to 680 nm and has reduced bending polarization
crosstalk and bending loss in the entire wavelength range.

[0002] Priority is claimed on Japanese Patent Application No. 2010-225797, filed October 5,
2010.

BACKGROUND ART

[0003] Polarization-maintaining optical fiber is a single-mode optical waveguide (single-mode
fiber) capable of holding and transmitting a linearly polarized wave.

[0004] The polarization-maintaining optical fiber has a schematic configuration including a
core, a pair of stress-applying parts provided on both sides of the core, and a cladding
surrounding the core and the stress-applying parts.

[0005] The stress-applying parts serve to induce birefringence in the core to which light is
guided and are a pair of glass regions that are disposed in the cladding so as to be separated
from each other with the core interposed therebetween and face each other in the diameter
direction of the polarization-maintaining optical fiber.

[0006] In addition, the stress-applying part is provided over the entire length in the longitudinal
direction of the polarization-maintaining optical fiber.

[0007] The thermal expansion coefficient of the glass regions which form the stress-applying
parts is different from the thermal expansion coefficient of glass which forms the cladding.

[0008] In addition, a polarization-maintaining optical fiber is known in which the dimension
(diameter) of a cross section perpendicular to the longitudinal direction in at least one of the

glass regions that form stress-applying parts is larger than the diameter of the core.

[0009] The polarization-maintaining optical fiber having such a structure is called PANDA
(Polarization-maintaining and absorption reducing) type polarization-maintaining optical fiber.

[0010] The polarization-maintaining optical fiber is used not only for optical communication but
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also for connection between optical components having a polarization dependence or optical
components for optical transmission, such as an optical fiber grating or an optical fiber coupler.

[0011] Taking into consideration the ease of manufacturing, stability of quality, connectivity with
a common silica-based optical waveguide fiber, and the like, the polarization-maintaining
optical fiber used as an optical component for optical transmission is designed so as to have a
single-mode optical waveguide structure in a narrow wavelength range near the wavelength of
the light used (for example, refer to Patent Document 1, Patent Document 2, Patent Document
3,

[0012] Non-Patent Document 1, and Non-Patent Document 2).

PRIOR ART DOCUMENT

PATENT DOCUMENTS

[0013]

[Patent Document 1] Japanese Unexamined Patent Application, First Publication No. 2003-
337238

[Patent Document 2] JP 2008 076655 A, Japanese Unexamined Patent Application, First
Publication No. 2008-76655 describing a polarization maintaining optical fiber that includes a
core that contains a hydroxyl group with a concentration of 600-1,400 ppm, a clad surrounding
the core, and a pair of stress imparting parts that penetrate a part of the clad and that are
placed symmetrically about the core and in parallel in the longitudinal direction of the core.

[Patent Document 3] JP 63 189809 A, describing a single mode optical fiber having a low
transmission loss and bending loss via coating the circumference of a central SiO2 core with F-
SiO2 and further, coating the same with SiO2 of a specific thickness.

NON-PATENT DOCUMENTS

[0014]
[Non-Patent Document 1] Fujikura Technology Vol. 85, p. 1-9, issued October, 1993

[Non-Patent Document 2] Introduction of Fujikura PANDA fiber and Basis of polarization-
maintaining fiber (URL:http://mwww.fujikura.co.jp/products/tele/o_device/data/16pnb04j.pdf)
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DISCLOSURE OF INVENTION

PROBLEMS TO BE SOLVED BY INVENTION

[0015] Conventional polarization-maintaining optical fibers have been designed so as to have
a single-mode optical waveguide structure in a narrow wavelength range near the wavelength
used taking into consideration the ease of manufacturing, stability of quality, connectivity with a
common silica-based optical waveguide fiber, and the like.

[0016] That is, an optical fiber structure which is satisfactory in terms of bending loss and
bending polarization crosstalk in the entire wavelength range of 400 to 680 nm is not yet
available.

[0017] For example, when a conventional polarization-maintaining optical fiber for 400 nm is
used at a wavelength (for example, 680 nm) away from the cut-off wavelength to the longer
wavelength, if this polarization-maintaining optical fiber is wound 10 times with a small bending
diameter (for example, with a diameter of 60 mm), there has been a problem in that the loss or
the polarization crosstalk increases.

[0018] In addition, in the conventional polarization-maintaining optical fiber, the diameter of the
stress-applying part is increased or the distance between the stress-applying parts is
decreased so that polarization crosstalk is not increased when the bending diameter is
reduced. However, if the diameter is too large, the rate of non-circularity of the cladding is
increased.

[0019] Then, when the polarization-maintaining optical fiber is connected with a connector or
when the polarization-maintaining optical fiber is connected with other optical fibers or optical
components, positioning becomes difficult. As a result, there has been a problem in that
working efficiency becomes poor.

[0020] If the distance between the stress-applying parts is narrowed, a mode field becomes
non-circular. As a result, loss of connection with other optical fibers is increased, or the loss of
the optical fiber itself is increased due to the influence of the stress-applying parts.

[0021] The present invention has been made in view of the above-described situation, and it is
an object of the present invention to provide a polarization-maintaining optical fiber capable of
suppressing an increase of bending loss and polarization crosstalk.

MEANS FOR SOLVING THE PROBLEMS
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[0022] A polarization-maintaining optical fiber of the present invention is a polarization-
maintaining optical fiber according to claim 1.

EFFECTS OF THE INVENTION

[0023] According to the aspect of the polarization-maintaining optical fiber of the present
embodiment, after applying a bending of 60 mm in diameter 10 times, a loss increase in the
wavelength range of 400 to 680 nm can be less than or equal to 0.1 dB and polarization
crosstalk in the wavelength range of 400 to 680 nm can be less than or equal to -30 dB.

BRIEF DESCRIPTION OF DRAWINGS

[0024]

FIG. 1 is a schematic cross-sectional diagram showing an embodiment of a polarization-
maintaining optical fiber not forming part of the present invention.

FIG. 2 is a schematic cross-sectional diagram showing an embodiment of the polarization-
maintaining optical fiber of the present invention.

FIG. 3 is a graph showing a result when a polarization-maintaining optical fiber of a first
example of the present invention is wound around bobbins having different external diameters
and the bending loss in the wavelength range of 400 to 680 nm is measured for each bending
diameter.

EMBODIMENTS FOR CARRYING OUT THE INVENTION

[0025] Hereinafter, embodiments of a polarization-maintaining optical fiber of the present
invention will be described.

[0026] In addition, the present embodiment is intended to explain the summary of the invention
in detail for better understanding, and does not limit the present invention unless otherwise

specified.

[0027] FIG. 1 is a schematic cross-sectional diagram showing an embodiment of a
polarization-maintaining optical fiber not forming part of the present invention.

[0028] A polarization-maintaining optical fiber 10 of the present embodiment has a schematic
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configuration including a core 11, a pair of stress-applying parts 12 provided on both sides of
the core 11 and at point-symmetrical positions with respect to the core 11, and a cladding 13
surrounding the core 11 and the stress-applying parts 12.

[0029] This polarization-maintaining optical fiber 10 is an optical fiber of which a cross-
sectional shape perpendicular to the longitudinal direction, that is, a cross-sectional shape in
the diameter direction is circular.

[0030] A material with higher refractive index than the cladding 13 is used as the core 11, and
a material with a larger thermal expansion coefficient than the cladding 13 is used as the

stress-applying part 12.

[0031] As these materials, any material may be used as long as it is a material used for the
conventional PANDA type polarization-maintaining optical fiber.

[0032] For example, silica glass added (doped) with germanium is used as a material of the
core 11.

[0033] As a material of the stress-applying part 12, B>O3-SiO, glass obtained by adding

(doping) boron of about 17 to 21 mol% in cross-sectional weight concentration of boron oxide
(B2O3) is used.

[0034] Pure silica glass is used as a material of the cladding 13.

[0035] The refractive index of the core 11 is 1.462 to 1.464.

[0036] In addition, the thermal expansion coefficient of the core 11 is 21 x 10"/ /°C to 22 x 107/
/°C.

[0037] The thermal expansion coefficient of the stress-applying part 12 is 14 x 1077 /°C to 15 x
107 /°C.

[0038] The refractive index of the cladding 13 is 1.456 to 1.458.

[0039] In addition, the thermal expansion coefficient of the cladding 13 is 4 x 1077 /°C to 6 x
107 /°C.

[0040] The relative refractive index difference between the core 11 and the cladding 13 is 0.35
to 0.45%, and is preferably 0.37 to 0.43%.

[0041] By setting the relative refractive index difference within the above range, the effect of
confinement of light to the core 11 becomes strong. Accordingly, even if the polarization-
maintaining optical fiber 10 is bent with a small bending diameter, the loss does not increase.



DK/EP 2626730 T3

[0042] When the relative refractive index difference is less than 0.35%, the effect of
confinement of light to the core 11 becomes weak. Accordingly, if the polarization-maintaining
optical fiber 10 is bent with a small bending diameter, the loss increases.

[0043] As the relative refractive index difference becomes larger, the effect of confinement of
light to the core 11 becomes stronger. Accordingly, even if the polarization-maintaining optical
fiber 10 is bent with a small bending diameter, the loss does not increase.

[0044] However, if the relative refractive index difference exceeds 0.45%, a mode field
diameter (MFD) is reduced. As a result, connectivity with other optical fibers or optical
components is reduced.

[0045] The core 11 forms the center of the polarization-maintaining optical fiber 10, and the
cross-sectional shape of the polarization-maintaining optical fiber 10 in the diameter direction is
circular.

[0046] Preferably, the diameter of the core 11 is 1.5 to 3.5 uym. More preferably, the diameter
of the core 11is 2 ym to 3 uym.

[0047] When the diameter of the core 11 is less than 2 ym, it is necessary to increase the
refractive index difference between the core 11 and the cladding 13. In this case, since the
MFD is also reduced, connection with other optical fibers, incidence of light from other optical
components, and the like become difficult.

[0048] On the other hand, if the diameter of the core 11 exceeds 3 um, it is necessary to
reduce the refractive index difference between the core 11 and the cladding 13. Accordingly,
loss due to the bending of the polarization-maintaining optical fiber 10 is increased.

[0049] The diameter of the cladding 13 is 125 pm.
[0050] The stress-applying parts 12 are disposed so as to be separated from each other with
the core 11 interposed therebetween, and the cross-sectional shape of the polarization-

maintaining optical fiber 10 in the diameter direction is circular.

[0051] The diameter D of the stress-applying part 12 is 33 to 37 ym, and is preferably 34 ym
to 36 pm.

[0052] When the diameter D of the stress-applying part 12 is less than 33 pm, stress applied to
the core 11 is reduced. As a result, the polarization crosstalk characteristic is degraded.

[0053] On the other hand, if the diameter D of the stress-applying part 12 exceeds 37 pm, the
cladding 13 becomes non-circular. As a result, workability for a connector is degraded.
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[0054] In addition, a distance R between the two stress-applying parts 12 is 8.6 to 15.4 ym,
and is preferably 10 to 14 ym.

[0055] When the distance R between the stress-applying parts 12 is less than 8.6 ym, a
distance between the stress-applying part 12 and the core 11 is too small. In this case, there is
a possibility that the mode field will become non-circular and the connection loss will increase
accordingly. Therefore, this is not desirable.

[0056] In addition, if the stress-applying part 12 overlaps the mode field, the loss is increased.

[0057] On the other hand, if the distance R between the stress-applying parts 12 exceeds 15.4
pm, the polarization maintaining characteristic is degraded. Therefore, this is not desirable.

[0058] Hereinafter, the reason why the above-described structural parameters of the
polarization-maintaining optical fiber of the present invention are set to be within the above-
described ranges will be described.

[0059] By calculating the diameter of the stress-applying part 12 and the distance between the
stress-applying parts 12 using the method proposed in Patent Document 1 described above,
the modal birefringence which determines the characteristics of the optimal polarization
crosstalk can be calculated without increasing the rate of non-circularity of the core 11.

[0060] In addition, the diameter of the stress-applying part determined by this method was
38.75 pm.

[0061] Here, when a polarization-maintaining optical fiber was manufactured in which the
diameter of the stress-applying part was 38.75 ym and other structural parameters were within
the above-described ranges, the rate of non-circularity of the cladding exceeded the
specification (2% or less).

[0062] Therefore, when the inventors and the like manufactured a polarization-maintaining
optical fiber by changing the diameter of the stress-applying part, they found out that optimal
polarization crosstalk characteristics were obtained and the rate of non-circularity of the
cladding satisfied the specification if the diameter of the stress-applying part was in a range of
33 to 37 ym.

[0063] In addition, since the polarization-maintaining optical fiber 10 can be used in the entire
wavelength range of 400 to 680 nm, the cut-off wavelength is less than or equal to 400 nm.

[0064] According to the polarization-maintaining optical fiber 10 of the present embodiment,
after applying a bending of 60 mm in diameter 10 times, a loss increase in the wavelength
range of 400 to 680 nm becomes less than or equal to 0.1 dB and polarization crosstalk in the
wavelength range of 400 to 680 nm becomes less than or equal to -30 dB.
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[0065] Therefore, by using the polarization-maintaining optical fiber 10 as an optical fiber for
connection that is used for optical components for optical transmission, such as an optical fiber
amplifier, a semiconductor laser, and a modulator, and optical measurement equipment, one
type of optical fiber is required for each wavelength although about three types of optical fibers
were required for each wavelength in the related art.

[0066] FIG. 2 is a schematic cross-sectional diagram showing an embodiment of the
polarization-maintaining optical fiber of the present invention.

[0067] A polarization-maintaining optical fiber 20 of the present embodiment has a schematic
configuration including a core 21, a pair of stress-applying parts 22 provided on both sides of
the core 21 and at point-symmetrical positions with respect to the core 21, and a cladding 23
surrounding the core 21 and the stress-applying parts 22.

[0068] In addition, the cladding 23 is configured to include a first cladding 23A, which directly
surrounds the core 21 and the stress-applying parts 22, and a second cladding 23B provided
on the outer periphery of the first cladding 23A.

[0069] This polarization-maintaining optical fiber 20 is an optical fiber of which a cross-
sectional shape perpendicular to the longitudinal direction, that is, a cross-sectional shape in
the diameter direction is circular.

[0070] A material with higher refractive index than the cladding 23 is used as the core 21, and
a material with a larger thermal expansion coefficient than the cladding 23 is used as the
stress-applying part 22.

[0071] As these materials, any material may be used as long as it is a material used for the
conventional PANDA type polarization-maintaining optical fiber.

[0072] As a material of the stress-applying part 22, B;O3-SiO, glass obtained by adding

(doping) boron of about 17 to 21 mol% in cross-sectional weight concentration of boron oxide
(B20O3) is used.

[0073] Fluorine-doped silica glass is used as a material of the first cladding 23A, and pure
silica glass is used as a material of the second cladding 23B.

[0074] The refractive index of the core 21 is 1.456 to 1.458.

[0075] In addition, the thermal expansion coefficient of the core 21 is 4 x 107 /°Cto 6 x 1077 /
°C.

[0076] The thermal expansion coefficient of the stress-applying part 22 is 14 x 1077 /°C to 15 x
1077 /°C.
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[0077] The refractive index of the first cladding 23A is 1.450 to 1.452.

[0078] In addition, the thermal expansion coefficient of the first cladding 23Ais 4 x 1077 /°C to
6 x 1077 /°C.

[0079] The refractive index of the second cladding 23B is 1.456 to 1.458.

[0080] In addition, the thermal expansion coefficient of the second cladding 23B is 4 x 107 /°C
to 6 x 1077 /°C.

[0081] The relative refractive index difference between the core 21 and the cladding 23 is 0.35
to 0.45%, and is preferably 0.37 to 0.43%.

[0082] By setting the relative refractive index difference within the above range, the effect of
confinement of light to the core 21 becomes strong. Accordingly, even if the polarization-
maintaining optical fiber 20 is bent with a small bending diameter at a wavelength away from
the cut-off wavelength to the longer wavelength, the loss does not increase.

[0083] When the relative refractive index difference is less than 0.35%, the effect of
confinement of light to the core 21 becomes weak. Accordingly, if the polarization-maintaining
optical fiber 20 is bent with a small bending diameter, the loss increases.

[0084] As the relative refractive index difference becomes larger, the effect of confinement of
light to the core 21 becomes stronger. Accordingly, even if the polarization-maintaining optical
fiber 20 is bent with a small bending diameter, the loss does not increase.

[0085] However, if the relative refractive index difference exceeds 0.45%, the mode field
diameter (MFD) is reduced. As a result, connectivity with other optical fibers or optical
components is reduced.

[0086] The core 21 forms the center of the polarization-maintaining optical fiber 20, and the
cross-sectional shape of the polarization-maintaining optical fiber 20 in the diameter direction is
circular.

[0087] Preferably, the diameter of the core 21 is 1.5 to 3.5 ym. More preferably, the diameter
of the core 21is2 to 3 um.

[0088] When the diameter of the core 21 is less than 2 um, it is necessary to increase the
refractive index difference between the core 21 and the cladding 23. In this case, since the
MFD is also reduced, connection with other optical fibers, incidence of light using a lens, and
the like become difficult.
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[0089] On the other hand, if the diameter of the core 21 exceeds 3 uym, it is necessary to
reduce the refractive index difference between the core 21 and the cladding 213. Accordingly,
loss due to the bending of the polarization-maintaining optical fiber 20 is increased.

[0090] Preferably, the diameter of the first cladding 23A is 30 to 95 ym. More preferably, the
diameter of the first cladding 23A is 60 to 90 uym.

[0091] The diameter of the second cladding 23B is 125 ym.

[0092] The thickness of the second cladding 23B is 15 to 32.5 ym. More preferably, the
thickness of the second cladding 23B is 17.5 ym to 32.5 uym.

[0093] The reason why the second cladding 23B is provided is that the melting point of the
cladding 23 is low if the core 21 is pure silica glass and the cladding 23 is fluorine-doped silica
glass and tension is applied to the core 21 at the time of drawing, and as a result, the optical
properties are no longer stable.

[0094] The reason why the thickness of the first cladding 23A is greater than or equal to 30 um
is that the light propagating through the core 21 leaks to the second cladding 23B if the second
cladding 23B having the same refractive index as the core 21 is close to the core 21.

[0095] In addition, if the thickness of the second cladding 23B is less than or equal to 15 ym,
tension applied to the core 21 is increased. As a result, the optical properties are no longer
stable.

[0096] The stress-applying parts 22 are disposed so as to be separated from each other with
the core 21 interposed therebetween, and the cross-sectional shape of the polarization-
maintaining optical fiber 20 in the diameter direction is circular.

[0097] The diameter D of the stress-applying part 22 is 33 to 37 um, and is preferably 34 to 36
pm.

[0098] When the diameter D of the stress-applying part 22 is less than 33 pm, stress applied to
the core 21 is reduced. As a result, the polarization crosstalk characteristic is degraded.

[0099] On the other hand, if the diameter D of the stress-applying part 22 exceeds 37 pm, the
cladding 23 becomes non-circular. As a result, workability for a connector is degraded.

[0100] In addition, a distance R between the two stress-applying parts 22 is 8.6 to 15.4 ym,
and is preferably 10 to 14 ym.

[0101] When the distance R between the stress-applying parts 22 is less than 8.6 ym, a
distance between the stress-applying part 22 and the core 21 is too small. In this case, there is
a possibility that the mode field will become non-circular and the connection loss will increase
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accordingly. Therefore, this is not desirable.

[0102] On the other hand, if the distance R between the stress-applying parts 22 exceeds 15.4
pm, the polarization maintaining characteristic is degraded. Therefore, this is not desirable.

[0103] In addition, since the polarization-maintaining optical fiber 20 can be used in the entire
wavelength range of 400 to 680 nm, the cut-off wavelength is less than or equal to 400 nm.

[0104] According to the polarization-maintaining optical fiber 20 of the present embodiment,
after applying a bending of 60 mm in diameter 10 times, a loss increase in the wavelength
range of 400 to 680 nm becomes less than or equal to 0.1 dB and polarization crosstalk in the
wavelength range of 400 to 680 nm becomes less than or equal to -30 dB.

[0105] Therefore, by using the polarization-maintaining optical fiber 20 as an optical fiber for
connection that is used for optical components for optical transmission, such as an optical fiber
amplifier, a semiconductor laser, and a modulator, and optical measurement equipment, one
type of optical fiber is required for each wavelength although about three types of optical fibers
were required for each wavelength in the related art.

[Examples]

[0106] Hereinafter, the present invention will be described more specifically through examples
and comparative examples. However, the present invention is not limited to the following
examples.

[First to third examples]

[0107] In manufacturing of a polarization-maintaining optical fiber, a core rod as a core region
formed of pure silica glass was prepared first.

[0108] Then, particles of pure silica glass were deposited on the outer periphery of the core
rod in order to obtain a predetermined cut-off wavelength. Then, this deposition member was
sintered in an atmosphere of a predetermined concentration of fluorine gas so that the relative
refractive index difference A of 0.35% (second example), 0.40% (first example), and 0.45%
(third embodiment) was obtained.

[0109] Then, particles of silica glass were deposited on the outer periphery of the sintered
body and were then sintered so as to become pure silica glass. As a result, a core cladding

preform of PANDA type polarization-maintaining optical fiber was obtained.

[0110] Then, a drilled preform was manufactured by drilling a hole at predetermined positions
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on both sides of the core region of the core cladding preform so as to have a predetermined
diameter using an ultrasonic drill and making the mirror surface by grinding and polishing the
inner surface of the hole.

[0111] Apart from this, using an modified chemical vapor deposition method, a stress-applying
member as a stress-applying part was obtained by depositing silica glass, which was obtained
by adding boron (B) of about 21 mol% in cross-sectional weight concentration of boron oxide
(B203), on the inside of the silica glass tube.

[0112] Then, a stress-applying member as a stress-applying part of the polarization-
maintaining optical fiber was obtained by grinding and removing the silica tube of the outer
periphery of the original preform and then polishing the outer surface until the outer surface
becomes a mirror surface.

[0113] The diameter of the stress-applying member is smaller than the diameter of the hole of
the drilled preform.

[0114] This stress-applying member was inserted into the drilled preform, and was heated in
the drawing furnace to perform drawing so that the diameter of the cladding becomes 125 ym.

[0115] On the optical fiber after drawing, two-layered ultraviolet curable acrylate resin was
coated. As a result, polarization-maintaining optical fibers of the first to third examples were
obtained.

[0116] In this case, the coating diameter of the first layer was set to about 185 um, and the
coating diameter of the second layer was set to about 250 pym.

[0117] For the polarization-maintaining optical fibers of the first to third examples obtained as
described above, transmission loss, bending loss, and polarization crosstalk and bending
polarization crosstalk when the polarization-maintaining optical fibers were wound around a
bobbin having a diameter of 160 mm were evaluated.

[0118] In addition, the connectivity was evaluated by fusion splice using the external diameter
alignment of the optical fibers.

[0119] These results are shown in Table 1 together with structural parameters of the
polarization-maintaining optical fibers.

[Table 1]
First Second Third
example example example
Relative refractive index difference (%) 0.40 0.35 0.45
Core diameter (um) 26 2.5 2.2
Diameter of stress-applying part (um) 35 35 35
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First Second Third
example example example

Distance between stress-applying parts 11 11 11
(Mm)
Cladding diameter (um) 125 125 125
Coating diameter (um) 250 250 250
MFD [405 nm] (pm) 2.3 2.7 2.4
Bead length [405 nm] (mm) 0.69 0.7 0.65
Modal birefringence (x 104) 0.59 0.58 0.62
Cut-off wavelength (nm) 390 390 390
Loss [400 nm] (dB/km) 38 38 38
Bending loss [680 nm] (dB/f60mm 10 times)§ 0.005 0.005 0.005
Polarization crosstalk [680 nm] (dB) -42 -42 -42
Bending Polarization crosstalk [680 nm] -42 -42 -42
(dB/f60mm 10 times)
Connection characteristic good good good

[0120] From the result of Table 1, in the polarization-maintaining optical fibers of the first to
third examples, the cut-off wavelength measured at 2 m in length was 390 nm.

[0121] In addition, when the polarization-maintaining optical fibers of the first to third examples
were wound 10 times around a bobbin having a diameter of 60 mm, the loss and polarization
crosstalk at the wavelength of 680 nm were 0.005 dB and -42 dB, respectively. Accordingly, a
satisfactory result was obtained.

[0122] In addition, the polarization-maintaining optical fiber of the first example was wound
around bobbins having different diameters, and the bending loss and polarization crosstalk in

the wavelength range of 400 to 680 nm were evaluated for each bending diameter.

[0123] The result is shown in Table 2 and FIG. 3.

[Table 2]
_ Unit: dB
I th
) \.\\jv\aileleng 406 nm 480 nm 633 nm 676 nm
Bending diameter - _
¢ 280mm -44.01 -44.65 -45.12 -43.85
#60mm -42.65 -43.80 -45.84 -41.77
#40mm -43.08 -43.48 -44.53 -44.08
#30mm -44.73 -43.44 -46.09 -43.35
#20mm -41.07 -41.01 -42.72 -43.18

The number of windings: 10 times
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[0124] From the result of Table 2, when the bending diameter was 20 to 60 mm, the
polarization crosstalk in the wavelength range of 400 to 680 nm was less than or equal to -41
dB.

[0125] From the result shown in FIG. 3, when the bending diameter was 20 to 60 mm, the
bending loss in the wavelength range of 400 to 680 nm was less than or equal to 0.1 dB.

[First comparative example]

[0126] A polarization-maintaining optical fiber of a first comparative example was obtained in
the same conditions as in the first embodiment except that the relative refractive index
difference A was set to 0.23%.

[0127] For the polarization-maintaining optical fiber of the first comparative example obtained
as described above, transmission loss, bending loss, and polarization crosstalk and bending
polarization crosstalk when the polarization-maintaining optical fiber was wound around a
bobbin having a diameter of 160 mm were evaluated.

[0128] In addition, connectivity was evaluated.

[0129] These results are shown in Table 3 together with structural parameters of each
polarization-maintaining optical fiber.

[Table 3]
First comparative Second Third
example comparative | comparative
example example
Relative refractive index 0.23 0.6 0.4
difference (%)
Core diameter (um) 3 1.9 2.3
Diameter of stress-applying part 35 35 38.75
(Um)
Distance between stress- 15.4 11 11
applying parts (um)
Cladding diameter (um) 125 125 125
Coating diameter (um) 250 250 250
MFD [405 nm] (um) 3.3 2.07 2.6
Bead length [405 nm] (mm) 0.75 0.58 0.68
Modal birefringence (x 10'4) 0.54 0.7 0.59
Cut-off wavelength (nm) 370 390 390




DK/EP 2626730 T3

First comparative Second Third
example comparative § comparative
example example

Loss [400 nm] (dB/km) 32 46 38
Bending loss [680 nm] (dB/¢ 7 0.001 0.005
60mm 10 times)
Polarization crosstalk [680 nm] -35 -42 -42
(dB)
Bending Polarization crosstalk Immeasurable -42 -42
[680 nm] (dB/p 60mm 10 times)
Connection characteristic good bad good
Non-circularity of cladding good good bad

[0130] From the result of Table 3, in the polarization-maintaining optical fiber of the first
comparative example, the cut-off wavelength measured at 2 m in length was 370 nm.

[0131] In addition, when the polarization-maintaining optical fiber of the first comparative
example was wound 10 times around a bobbin having a diameter of 60 mm, the loss at the
wavelength of 680 nm was 7 dB and the polarization crosstalk was poor and immeasurable.

[Second comparative example]

[0132] A polarization-maintaining optical fiber of a second comparative example was obtained
in the same conditions as in the first embodiment except that the relative refractive index
difference A was set to 0.60%.

[0133] For the polarization-maintaining optical fiber of the second comparative example
obtained as described above, transmission loss, bending loss, and polarization crosstalk and
bending polarization crosstalk when the polarization-maintaining optical fiber was wound
around a bobbin having a diameter of 160 mm were evaluated.

[0134] In addition, connectivity was evaluated.

[0135] These results are shown in Table 3 together with structural parameters of each
polarization-maintaining optical fiber.

[0136] From the result of Table 3, in the polarization-maintaining optical fiber of the second
comparative example, the cut-off wavelength measured at 2 m in length was 390 nm.

[0137] In addition, when the polarization-maintaining optical fiber of the second comparative
example was wound 10 times around a bobbin having a diameter of 60 mm, the loss and
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polarization crosstalk at the wavelength of 680 nm were 0.005 dB and -42 dB, respectively.
Accordingly, a satisfactory result was obtained.

[0138] However, since the diameter of the mode field diameter (MFD) is small, loss of
connection with other optical fibers is increased if the axis deviation is large.

[Third comparative example]

[0139] A polarization-maintaining optical fiber of a third comparative example was obtained in
the same conditions as in the first embodiment except that the relative refractive index
difference A was set to 0.40%.

[0140] For the polarization-maintaining optical fiber of the third comparative example obtained
as described above, transmission loss, bending loss, and polarization crosstalk and bending
polarization crosstalk when the polarization-maintaining optical fiber was wound around a
bobbin having a diameter of 160 mm were evaluated.

[0141] In addition, connectivity was evaluated.

[0142] These results are shown in Table 3 together with structural parameters of each
polarization-maintaining optical fiber.

[0143] From the result of Table 3, in the polarization-maintaining optical fiber of the third
comparative example, the cut-off wavelength measured at 2 m in length was 390 nm.

[0144] In addition, when the polarization-maintaining optical fiber of the third comparative
example was wound 10 times around a bobbin having a diameter of 60 mm, the loss and
polarization crosstalk at the wavelength of 680 nm were 0.005 dB and -42 dB, respectively.
Accordingly, a satisfactory result was obtained.

[0145] However, although the diameter of the stress-applying part was 38.75 ym and other
structural parameters were almost equal to those in the first example, the modal birefringence
was the same as that in the first example and the rate of non-circularity of the cladding was
large.

INDUSTRIAL APPLICABILITY

[0146] According to the polarization-maintaining optical fiber of the present invention, it is
possible to suppress an increase of bending loss and polarization crosstalk.

DESCRIPTION OF THE REFERENCE SYMBOLS



[0147]

10, 20:
polarization-maintaining optical fiber
11, 21:
core
12, 22:
stress-applying part
13, 23:
cladding
23A:
first cladding
23B:
second cladding
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Patentkrav
1. Polariseringsopretholdende optisk fiber (20), omfattende:
en kerne (21);

et par af speendingspafgrende dele (22) tilvejebragt pa begge sider af
kernen (21) og ved punktsymmetriske positioner i forhold til kernen (21);
0g

en beklaedning (23) der omgiver kernen (21) og de spaendingspafgrende
dele (22), hvor

en diameter af bekleedningen (23) er 125 um, en diameter af hver af de
spaendingspafgrende dele (22) er 33 til 37 uym, en afstand mellem parret af
spaendingspafgrende dele (22) er 8,6 til 15,4 ym, og en
grensebglgelaangde er mindre end eller lig med 400 nm;

kendetegnet ved, at:
brydningsindekset af kernen (21) er 1,456 til 1,458;

bekleedningen (23) omfatter en fgrste beklzedning (23A), som
direkte omgiver kernen (21) og de spaendingspafgrende dele (22) og
er dannet af fluordoteret silikaglas og en anden beklaedning (23B),
som er tilvejebragt pa en udvendig periferi af den fgrste bekladning
(23A) og er dannet af ren silikaglas;

en relativ brydningsindeksforskel mellem kernen (21) og den fgrste
bekleedning (23A) er 0,35 til 0,45 %;

den fgrste bekladning har brydningsindeks pa 1,450 til 1,452;

den anden beklaedning har en tykkelse pa 15 til 32,5 ym og
brydningsindeks pa 1,456 til 1,458, og

efter pafgring af en bgjning pd 60 mm i diameter 10 gange, en
tabsg@gning i et bglgeleengdeomrade pa 400 til 680 nm er mindre end
eller lig med 0,1 dB og polariseringskrydstale i bglgelsengdeomradet
af 400 til 680 nm er mindre end eller lig med -30 dB.

2. Den polariseringsopretholdende optiske fiber (20) ifglge krav 1, hvor afstanden
mellem parret af spaendingspafgrende dele (22) er 10 til 14 pm.
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