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A method for heating optical fibers by electric discharge includes fusion splicing optical fibers and then applying a heating to a
neighborhood of a fusion splicing part of the optical fibers by the electric discharge. The discharge electrodes are provided In a
direction perpendicular to the plane in which the optical fibers are arranged. The heating Is applied to the neighborhood of the
fusion splicing part by the electric discharge with discharge electrodes. The discharge electrodes are moved not only in a direction
of arrangement of the optical fibers but also In an axial direction of the optical fibers such that more thermal energy Is applied to an
optical fiber positioned closer to a center of the arrangement of the optical fibers than to an optical fiber positioned away from the
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ABSTRACT

A method for heating optical fibers by electric
discharge includes fusion splicing optical fibers and then
applyving a heating to a neighborhood of a fusion splicing
part of the optical fibers by the electric discharge. The
discharge electrodes are provided in a direction
perpendicular to the plane in which the optical fibers are
arranged. The heating 1is applied to the neighborhood of the
fusion splicing part by the electric discharge with
discharge electrodes. The discharge electrodes are moved
not only 1n a direction of arrangement of the optical

fibers but also in an axial direction of the optical fibers

such that more thermal energy 1s applied to an optical
fiber positioned closer to a center of the arrangement of

the optical fibers than to an optical fiber positioned away

from the center.



CA 02402144 2002-09-10

APPARATUS AND METHOD FOR HEATING OPTICAL FIBER USING

ELECTRIC DISCHARGE

p &

BACKGROUND OF THE INVENTION

5 FIELD OF THE INVENTION
The present invention relates to a method and an
apparatus for heating a neighborhood of a fusion splicing
part of a plurality of optical fibers of an optical fiber

ribbon using electric discharge, after the plurality of the

10 optical fibers having different mode-field diameters are

fusion spliced by the electric discharge.

D ART

L*J

DESCRIPTION OF THE RELAT.

An ordinal practice for connecting optical fibers of
15 an optical fiber ribbon is performed by mass fusion
splicing of a plurality of the optical fibers in one
operation. In this operation, while melting both ends of
optical fiber ribbons at the same time, the optical fibers
in the optical fiber ribbons are fusion spliced and make
20 them abut against each other by using an energy of an

electric discharge produced between a pailr of discharge

electrodes.

In recent vears, efforts are underway to develop

hybrid optical fibers which are the combination of ordinary
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single-mode optical fibers and functional optical fibers
for use in wavelength division multiplex transmission and
in Raman amplifier. In the development of such hybrid
optical fibers, 1t 1s important to i1mprove not only the
characteristics of the optical fibers but also the optical
fiber coupling technology.

Fig. 7A to 7C shows an outline for connection method
by using fusion splicing of the optical fibers with the
electric discharge. Fig. 7A 1s a perspective view showing
the connection method. Fig. 7B 1s a partial view showing
how discharge occurs, and Fig. 7C shows the profile of
thermal enerqy applied to individual optical filbers. In
Fig. 7A to 7C, numeral 1 denotes an optical fiber ribbon,
is an optical fiber of the optical fiber ribbon 1, 4 1s a
fusion splice point, 5 i1s a V-grooved substrate, 6 1s a
holding member, 7 1s a discharge electrode, and 8 1s an
arc. To perform fusion splicing, the operator first strips
a coating off from the optical fiber ribbon 1 at the tip
thereof, thereby to expose the optical fibers 2. The
optical fibers 2 are held 1n position by means of the V-
grooved substrates 5 and the holding members 6. Then, the
optical fibers 2 are adjusted such that the end faces ol
every two optical fibers are opposed to each other with a

predetermined gap. Thereafter, an arc 8 1s generated

2
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between a pair of discharge electrodes 7 positioned offset
from the arrangement plane of the optical fibers 2; when
the ends of everv two optical fibers 2 are fused, either
one optical fiber 2 1s pushed against the other optical
5 fiber or both fibers 2 are pushed in opposite directions,
whereby all optical fibers 2 are fusion spliced in one
operation.
However, 1f a plurality of optical fibers 2 are
arranged in the same plane as shown 1n Fig. 7B, an optical
10 fiber 2a positioned away from the center of the fiber array
and an optical fiber 2b positioned closer to its center
recelve different amounts of thermal energy, since the

closer to the tip of eilther discharge electrode 7, the

higher the energy of electric discharge the optical fibers
15 2 receive. The thermal enerqgy received also varies since
the outer optical fiber 2a blocks the inner optical fiber
2b. Fig. 7C shows the profile of thermal energy applied to
a plurality of optical fibers 2; obviously, more thermal
enerqgy 1s applied to the outer optical fiber 2a compared
20 with the i1nner optical fiber 2b. The result 1s an uneven
fusion splicing.
In the case of splicing a functional optical fiber
with an ordinary single-mode optical fiber having a

different mode-field diameter to each other, arc-discharge-
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based fusion splicing alone is difficult to achieve a
practically acceptable coupling loss. Therefore, a
neighborhood of the fusion splicing part 4 1s given an
additional heating and at least the core diameter of either
one of the optical fibers are enlarged progressively
(tapered) 1n a smooth shape so that they have the same-
mode-field diameter at the splice point. This method 1is

previously known as a thermally-diffused expanded core

(hereunder, referred to TEC) process. A TEC described in
Japanese Patent Registered No. 2,618,500, for instance.

Fig. 8 shows an example of the process of applylng an
additional heating after fusion splicing. Fig. 8A shows two
optical fibers with different mode-field diameters as they
are disposed in a mating position in preparation for fusion
splicing; Fig. 8B shows the two optical fibers that have
been fusion spliced using arc discharge; and Fig. 8C shows
the splice that has been given heating to perform the TEC
process. In Fig. 8, numerals 3a and 3b refer to the core
portion; the other numerals are identical to those used 1n
Fig. 7 and this 1s in order to omit detailed explanation.

The optical fibers 2 to be fusion spliced have the
same outer cladding diameter but the cores 3a and 3b differ
in diameter and relative refractive 1ndex difference;

hence, these optical fibers have different mode-field
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diameters. After placing the optical fibers 2 such that
their end faces to be coupled are opposed to each other as
shown 1in Fig. B8A, the ends of the two optical fibers are
fused together using arc discharge as shown in Fig. 8B. If
only the ends of the two optical fibers are fused together
using arc discharge, a discontinuous of the two optical
fiber or mismatched splice are generated by the difference
in mode-field diameter so that splice loss shows higher
value.

In order to solve this problem, the neighborhood of

the fusion splicing part 4 1s heated using arc discharge to

effect the TEC treatment (see Fig. 8c). The heating 1is
performed under such temperature and time conditions that
the optical filbers 2 themselves are not melted but that a
dopant added to the cores 3a and 3b thermally diffuses into
the claddings. The dopant 1ncreases refractive 1ndex of the
core of the optical fibers.

In this case the fiber has a sufficlently smaller core
diameter than the other cptical fiber and has larger
relative i1ndex difference.

As a result of this heating, the diameter of the core
3b of the optical fiber 1s 1ncreased progressively
(tapered) so that the discontinulty or mismatch from the

core 3a of the other optical fiber i1s reduced. Hence, the
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splice loss 1s reduced. If the above-described TEC
treatment 1s performed after fusion splicing of such
dissimilar optical fibers, the mode-field diameter of the

optical fiber with the smaller core diameter is brought

S5 progressively nearer to that of the other optical fiber
thereby to reduce the splice loss. As already mentioned,
the method of heating by applying electric discharge in the
manner described with reference to Fig. 7 produces an
uneven fusion since more thermal energy 1s applied to the

10 outer optical fiber Za than to the 1inner optical fiber 2b.
In this process of heating during fusion, TEC also proceeds
to some extent. If heating for TEC treatment is effected in

the same manner as fusion splicing, the TEC treatment of

the inner optical fiber Zb proceeds so slowly that by the
15 time 1t 1s completed, excesslve thermal energy has been
applied to the outer optical fiber 2a, thereby to increase

the splice loss rather than decreasing it.

SUMMARY OF THE INVENTION
20 It 1s an object of the present invention to provide a
method of heating optical fibers by an electric discharge,

which 1s capable of applving substantially uniform thermal

enerqgy to all optical fibers of a ribbon with concentric

core portions by the combination of electric discharge-
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based heating for fusion splicing and an electric
discharge-based heating for TEC treatment.

It 1s an another object of the invention is to provide
an apparatus for i1mplementing the method.

As for a first aspect of the invention, a method for
heating a first optical fiber ribbon and a second optical
fiber ribbon using an electric discharge, the first and
second optical fiber ribbons respectively having a
plurality of optical fibers arranged parallel to each
other, the method comprising the steps of:

a) fusion splicing the optical fibers of the first
and second optical fiber ribbons using electric discharge;

D) disposing at least one pair of discharge
electrodes 1n a direction perpendicular to a plane in which

the optical fibers are arranged;

C) heating a neighborhood of a fusion splicing part
of the optical fibers of the first and second optical fiber
ribbons using the electric discharge generated between the
palr of the discharge electrodes, while the pair of the
discharge electrodes moving 1in at least one of a direction
of arrangement of the optical fibers and an axial dilirection
of the optical fibers such that more thermal energy 1s

applied to the optical fibers positioned closer to a center
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of the arrangement of the optical fibers than to optical
fibers positioned away from the center.

In addition, 1t 1s known that the TEC treatment by
heating 1s also effective in fusion splicing of similar
optical fibers since the connecting loss of the optical
fibers due to eccentricity can be reduced by flaring the
core diameter of the two optical fibers in the fusion
splicing.

As for a second aspect of the invention, The apparatus
of the invention for heating a neighborhood of a fusion
splicing part of an optical fibers by an electric discharge
after fusion splicing of the optical fibers, the apparatus
comprising:

at least one pair of discharge electrodes provided 1n
a direction perpendicular to a plane in which the optical
fibers are arranged,

a moving mechanlism for moving at least one of the
discharge electrodes and the optical fibers 1n at least one
of a direction of an arrangement of the optical fibers and
an axial direction of the optical fibers; and

a control unit for controlling to apply a thermal
enerqy to the optical fibers 1n such a way that more

thermal enerqy 1s applied to the optical fibers positioned
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closer to a center of the arrangement of the optical fiber

than to the optical fibers positioned away from the center.

BRIEF DESCRIPTION OF THE DRAWINGS
Figs. 1A to 1C are diagrams 1llustrating the first

embodiment;

Figs. 2A to 2C are diagrams 1llustrating the second
embodiment;

Figs. 3A to 3C are diagrams 1llustrating the third
embodiment;

Figs. 4A to 4C are diagrams 1llustrating three
profiles of thermal energy as applied to optical fibers in

the i1nvention;

Figs. 5A and 5B show diagrammatically two examples of
the optical fiber holding apparatus that can be used 1in the
invention;

Figs. 6A and 6B show diagrammatically two examples of
the electrode unit that can be used 1n the 1i1nvention;

Figs. 7A to 7C are diagrams 1llustrating a method of
the related art for fusion splicing of optical filbers; and

Figs. 8A - 8C are diagrams 1llustrating a method of

TEC treatment of the related art.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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- In the invention, a plurality of optical fibers of a
optical fiber ribbon having different mode-field diameters
are simultaneously fusion spliced by an ordinary method of
arc discharge as shown in Fig. 7. Thereafter, a

5 neighborhood of a fusion splicing part of the optical fiber

ribbons 1s heated using arc discharge to correct the

discontinuity or mismatch of the optical fiber ribbons due
to a difference of the mode-field diameter at the fusion

splicing point (this treatment 1s hereunder referred to as

10 TEC treatment) .

Such a heating 1s performed under such temperature and
time conditions that optical fibers 2 themselves are not

melted but that dopant, which 1s added 1n the core region

to increase refractive index, thermally diffuses i1nto the

15 cladding region.

We describe a first embodiment with reference to Fig.

1. Fig. 1A shows the positions of discharge electrodes
relative to optical fibers; Fig. 1B shows a modification of
the setup shown in Fig. 1A; and Fig. 1C shows the

20 relationship between a discharge power applied to the

discharge electrodes and the arrangement of the optical
fibers. The numerals used 1n Fig. 1 are 1dentical to those

used in Fig. 8 and this 1s 1in order to omit detalled

description.

10
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The method of applying the heating for TEC treatment
wlll be shown 1in Figs. 1A and 1B. A pair of discharge
electrodes 7 for generating arc discharge is provided such
that they are perpendicular to the plane (horizontal) in
which optical fibers 2 are arranged. The discharge
electrodes /7 are moved wlth relative to the optical fibers
2 1n the direction of fiber arrangement so that a plurality
of the optical fibers 2 are heated locally at a time. Fig.
1A shows the case that while fixing the positions of the
optical fibers 2 which are arranged at a predetermined
space, the discharge electrodes 7 are moved for the heating
of the optical fibers 2. Fig. 1B shows the case that while
fixing the positions of the discharge electrodes 7, the
optical fibers 2 are moved for the heating. Although not
shown, the discharge electrodes 7 are also moved with
relative to the optical fibers 2 in the axial direction

thereof such that the neighborhood of the fusion splicing

L*J

part 4 1s heated over a predetermined range for TEC
treatment. The movement of the discharge electrodes 7 1in
the axi1al direction of the optical fibers can also be
realized elther by moving the discharge electrodes 7 or by
moving the optical fibers 2. The mechanism and other

features for moving the optical fibers 2 and the discharge

electrodes 7 will be described later.

11
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In the first embodiment shown in Fig. 1, depending on
the fiber, energy 1s changed by varying the discharge power
so that TEC treatment 1s appropriately effected.

As shown 1n Fig. 1C, stronger discharge power 1is applied

to the 1nner optical fiber 2b and weaker discharge power 1s

applied to the outer optical fiber Za. In order to adjust
discharge power, either discharge current or discharge
voltage or both are varied. As a result, more thermal
energy 1s applied to the inner optical fiber 2b than to the
outer optical fiber Z2a. Therefore, heating 1s performed
wlith thermal energy which 1s applied 1n a pattern reverse
to that employed 1n fusion splicing. Hence, considering
both fusion splicing and TEC treatment, a generally uniform
pattern of thermal energy can be applied to all optical
fibers 1involved.

The second embodiment 1s shown in Fig. 2. Fig. 2A shows
the positions of discharge electrodes relative to optical
fibers; Fig. 2B shows a modification of the setup shown 1in
Fig. 2A; and Fig. 2C shows the relationship between the
electrode gap of the discharge electrodes 7 and the
arrangement of optical fibers. The numerals used 1n Fig. 2
are i1dentical to those used 1n Fig. 1 and this 1s 1n order

to omit detalled description.

12
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The method of performing heating for TEC treatment in
the second embodiment 1s as well as 1n the case shown in

Fig. 1; the pair of the discharge electrodes 7 are provided

such that they are perpendicular to the plane (horizontal)

in which optical fibers 2 are arranged. The discharge
electrodes 7 are moved with relative to the optical fibers
2 in the direction of fiber arrangement so that a plurality
of optical fibers 2 are locally heated at a time. Fig. 2A

shows the case that while fixing the positions of optical

fibers 2 arranged at a predetermined space, the discharge

electrodes 7 are moved for the heating of the optical

fibers 2. Fig. 2B shows the case that while fixing
positions of the discharge electrodes 7, the optical fibers
2 are moved for the heating.

Although not shown, the discharge electrodes 7 are
also moved with relative to the optical fibers i1n the axial
direction of optical fibers 2 such that the neighborhood of
the fusion splicing part 1is heated over a predetermined
range to effect TEC treatment. This 1s also the same as 1n
the case shown 1n Fig. 1.

In the second embodiment, the electrode gap or the
distance between discharge electrodes 7 1s changed for a
respective optical fiber so that a varyiling amount of heat

is applied to effect TEC treatment. As shown 1n Fig. 2C,

13
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the electrode gap 1s 1ncreased for the 1nner optical fiber
2b but decreased for the outer optical fiber 2a. If the
discharge current 1s constant, a higher discharge voltage
is obtained by i1ncreasing the electrode gap so that
discharge energy 1is 1ncreased, which is equivalent to
applying an increased discharge power as 1n the case shown
in Fig. 1. As a result, more thermal energy 1s applied to
the inner optical fiber 2b than to the outer optical fiber
2a. Heating is performed with thermal enerqgy being applied
in a pattern reverse to that employed 1n fusion splicing.
Hence, considering both fusion splicing and TEC treatment,
a generally uniform pattern of thermal energy can be

applied to all optical fibers i1nvolved.

Fig. 3 shows a third embodiment. In particular, Fig.

3A shows the positions of discharge electrodes 7 relative

to optical fibers; Fig. 3B shows a modification of the
setup shown in Fig. 3A; and Fig. 3C shows a moving speed of

the discharge electrodes with relative to the optical

fibers. The numerals used in Fig. 3 are identical to those
used in Fig. 1 and this is in order to omlt detalled
description. The method of performing heating for TEC

freatment in the third embodiment 1s the same as 1n the

case shown in Fig. 1; a pair of discharge electrodes 7/ are

provided such that they are perpendicular to the plane

14
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(horizontal) in which optical fibers 2 are arranged. The
discharge electrodes / are moved with relative to the
optical fibers 2 1n the direction of fiber arrangement so

that a plurality of optical fibers 2 are heated at a time.

Fig. 3A shows the case that while fixing the positions
of optical fibers 2 arranged at a predetermined space, the
discharge electrodes 7 are moved. Fig. 3B shows the case
that while fixing the discharge electrodes 7, the optical

fibers 2 are moved. Although not shown, the discharge

electrodes 7 are also moved with relative to the optical

fibers 2 1n the axial direction thereof such that the

neighborhood of the fusion splicing part 1s heated over a

predetermined range to effect TEC treatment and this 1is
also the same as 1n the case shown 1n Fig. 1.

In the third embodiment, the moving speed of discharge
electrodes 7 1s changed locally for a respective optical
fiber so that a varying amount of heat 1s applied to effect
TEC treatment. As shown 1n Fig. 3C, the moving speed 1is

decreased for the inner optical fiber 2b but increased for

the outer optical fiber 2a. By decreasing the moving speed,
the heating time and the amount of heat applied to the
optical fiber can be increased, which 1s equilvalent to
applying more heat by ilncreasing discharge power as 1n the

case shown in Fig. 1. As a result, more thermal energy 1s

15
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applied to the inner optical fiber 2b than to the outer
optical fiber 2a. Heating 1s performed with thermal energy
being applied in a pattern reverse to that employed 1in
fusion splicing. Hence, considering both fusion splicing
and TEC treatment, a generally uniform pattern of thermal
energy can be applied to all optical fibers involved.

Fig. 4 shows schematically the relationships between
the amount of thermal enerqgy and the optical fibers to

which it is applied in the three embodiments. In

particular, Fig. 4A shows the profile of thermal energy
applied in fusion splicing; Fig. 4B shows the profile of
thermal enerqgy applied 1n heating for TEC treatment; and
‘Fig. 4C shows the profile of total thermal energy as
applied in both fusion splicing and the heating for TEC
treatment. The hatched area corresponds o the thermal
energy applied. As Fig. 4A shows, 1in fusion spliclng, more
thermal energy is applied to the outer optical fiber Za and

less thermal energy is applied to the 1nner optical fiber

?2b. In contrast, as shown 1in Fig. 4B, when heating 1s
effected for TEC treatment, less thermal energy 1s applied
to the outer optical fiber 2a and more thermal energy 1s
applied to the inner optical fiber 2b.

In consequence, &s Fig. 4C shows, considering the

'

overall process including fusion splicing and heating for

16
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TEC treatment, the total quantity of thermal enerqgy applied
to the outer optical fiber Z2a can be made almost equal to
that applied to the inner optical fiber 2b.

By applying generally uniform thermal energy to all optical

fibers 2 involved, any unevenness 1n fusion splicing can be
eliminated and uniform TEC treatment can be performed on
all optical fibers. Therefore, 1t can be performed uniform
reduction 1n coupling loss. The terms "uniform” and
"generally uniform" do not mean complete 1denticalness but
allow for a certain range of variations. Fig. 5 shows
schematically exemplary optical fiber holding apparatus.
Fig. 5A shows a setup adapted to move optical fibers 1in the

axial direction while synchronizing the holders on opposite

sides of optical fibers. Fig. 5B shows a modification of

the setup shown in Fig. 5A. In Fig. 5A and 5B, numerals 10
and 10a are the optical fiber holding apparatus, 11 1s a
fiber holder, 12 1s a holder drive stage, 13 1s a base
platform, 14 1s a drive mechanism, 15 1s a base platform
drive stage, 16 1s a drive mechanism, and 20 1s an
electrode unit. The other numerals are 1dentical to those
used in Figs. 1 - 4 and this is in order to omit detailed
description.

The optical fiber holding apparatus 10, 10a shown 1n

Fig. S5A and 5B are used for heating the neighborhood of the

17
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fusion splicing part 4 of optical fibers 2 over a
predetermined range in the axial direction. In the setup
shown in Fig. 5A, while the discharge electrodes 7/ are
fixed, the optical fibers 2 are moved. The spliced optical

fibers 2 are fixed in position on both sides of the fusion

splicing part 4 by means of V-grooved fiber holders 11 and
the like. The pair of fiber holders 11 1s disposed on the
base platform 13 via the holder drive stages 12. The holder
drive stage 12 is controlled to move 1n the axial direction
of the optical fibers 2 by the drive mechanlisms 14.

The optical fiber holding apparatus 10 shown in Fig.
SA includes the pair of fiber holders 11 1individually
driven by the associated drive mechanisms 14. The drive
mechanisms 14 are controlled to be driven in synchronism Dby
means of control units (not shown).

The optical fiber holding apparatus 1l0a shown i1n Fig.
5B is a modified version of the setup shown 1in Fig. 5A. The
optical fiber holding apparatus 10a 1s one example of fiber
holding apparatus that the base platform 13 1s disposed on
the base platform drive stage 15 in order to be movable.
This configuraticn benefits from a simple control mechanlsm
since the pair of fiber holders 11 need not be individually

controlled for drive. On the other hand, 1n this

18
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configuration, the number of parts increases and the
overall setup 1s somewhat bulky.

In Fig. 5A and 5B, the discharge electrodes 7 are
shown to be fixed. The optical fibers 2 may be fixed

5 whereas the discharge electrodes 7 are adapted to be
capable of moving in the axial direction of the optical
fibers 2. In yet another embodiment, the optical fiber
holding apparatus 10, 1l0a may be used as a fiber holding
apparatus when ribbons 1 of optical fibers are to be mass

10 fusion spliced 1n one operation.

In this case, optical fibers 2 may immediately be
subjected to TEC treatment without dismounting from the
holding apparatus after fusion splicing of the optical
fibers 2.

15 Fig. 6A and 6B show schematically two examples of the
electrode unit. In particular, Fig. 6A shows the setup
where the discharge electrode gap 1s constant. Fig. 6B

shows the setup where the discharge electrode gap is

variable. In Filig. 6A and 6B, numerals 20, 20a refer to the
20 electrode unit, 21 1s an electrode mount, 22 1s an
electrode support column, 23 1s a support column drive
stage, 24 1s a base platform, 25 is a drive mechanilism, 26
1s an electrode holding arm, 27 1s an electrode drive

stage, 28 1s a drive mechanism, 30 1s discharge circuitry,

19
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31 is a control unit, and 32 is a power supply unit. The
other numerals are 1dentical to those used in Figs. 1 - 4
and this 1s in order to omit detailled description.

The electrode unit 20 shown in Fig. 6A is suitable for
use 1n the embodiments of heating i1llustrated in Figs. 1
and 3. The electrode unit 20 makes the gap between
discharge electrodes /7 constant during operation. The
electrode unit 20, however, 1s equipped with adjusting unit
(not shown) for setting the discharge electrode height and
gap during operation. The electrode unit 20 is so
constructed that a pair of discharge electrodes 7 are
supported by the associlated electrode mounts 21 which are
fastened to holding arms Z22a extending from the electrode
support column 22. The electrode support column 22 is
adapted po be movable 1n the direction of fiber arrangement
by means of the support column drive stage 23 disposed on
the base platform 24. The support column drive stage 23 1is
driven with the crive mechanlism 25 1ncluding a direct drive
motor or the like. The drive mechanism 25 1s controlled by
a control signal from the control unit 31 with a preloaded
program.

For use 1n the mode shown 1n Fig. 1A, the discharge
electrodes 7 are connected to the discharge circultry 30 so

that discharge power 1s controlled step by step. The

20
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discharge circultry 30 1s connected to the control unit 31
and the power supply unit 32. The discharge circuitry 30
adjusts discharge power each time the discharge electrodes
7 are moved 1n the direction of fiber arrangement.

In this way, the thermal enerqgy applied to the
individual optical fibers 2 of a ribbon in a single array
can be varied as shown in Fig. 1C. The amount of thermal
enerqgy applied to each optical fiber 2 1s set as shown in

Fig. 4B.

For use 1n the embodiment shown in Fig. 3A to 3C, the

‘discharge power of the discharge electrodes 7 keeps

constant. However, each time the discharge electrodes 7 are
moved 1n the direction of fiber arrangement, their moving
speed 1s controlled by the control unit 31 to adjust the
time for which the i1ndividual optical fibers 2 of a ribbon
are exposed to discharge. The moving speed of the discharge
electrodes 7 as they traverse the individual optical fibers
2 1n a single array can be altered as shown in Fig. 3C. In
this way, the thermal energy applied to each optical fiber
can pbe varied and the amount of thermal energy applied to
the 1ndividual optical fibers 2 1s agaln set as shown 1in

Fig. 4B.

The electrode unit 20a shown i1n Fig. 6B 1s suitable

for use 1n the mode of heating 1llustrated i1n Fig. 2Z2A to
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2C. The electrode unit 20a makes the gap between discharge
electrodes 7 variable. The electrode unit 20a 1s so
constructed that a palr of discharge electrodes 7 are
mounted on the associated electrode holding arms 26 via
electrode mounts 21. The electrode holding arms 26 are
mounted on the electrode drive stages 27 provided
vertically on the electrode support column 22; the support
column drive stages 27 are adapted to be capable of moving
individually in a direction perpendicular to the plane in
which the optical fibers are arranged by means of drive
units 28 each i1ncluding & direct drive motor or the ‘like.

As with the setup shown 1n Fig. 6A, the electrode

support column 22 1s adapted to be movable 1in the direction

of fiber arrangement by means of the support column drive
stage 23 disposed on the base platform 24. The support
column drive stage 23 1s driven with the drive mechanism 25
including a direct drive motor or the like. The drive
mechanisms 25 and 28 are controlled by control signals from
the control unit 31 with a preloaded programn.

For use in the embodiment shown in Fig. ZA to 2C, a
constant current supply unit 32 1s used as a discharge
circuitry 30 to supply a constant current to the discharge
electrodes 7, which are moved at a constant speed 1n the

direction of fiber arrangement. However, as shown 1n Fig.
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2C, the gap between discharge electrodes 7 1s altered each
time they are moved 1n the direction of fiber arrangement.
If the discharge current between the electrodes 1s
constant, discharge power varies depending on the electrode
gap so that the discharge voltage 1s changed. In this way,
the thermal enerqgy applied to each optical fiber can be
varied locally. The amount of thermal energy applied to the
individual optical fibers 1s again set as shown in Fig. 4B.
The foregoing description of Fig. 6 assumes a setup of

a type in which the discharge electrodes 7 are moved

relative to the optical fibers 2. If the optical fibers 2
are to be moved relative to the discharge electrodes 7 as
in Fig. 6A, the optical fiber holding apparatus 10, 10a may
be equipped with a mechanism for moving each array of
optical fibers 2 1n the direction of thelr arrangement.
While the foregoing description concerns only the mechanism
of moving the discharge electrodes 7 1n the direction of
fiber arrangement, 1{ should be noted that after movement
in the direction of fiber arrangement, the discharge
electrodes 7 are also moved relatively 1in the axial
direction of optical fibers 2 so that the neighborhood of
their fusion splice 1s heated over a predetermined range Dby
electric discharge. The movement of the discharge

electrodes 7 in the axial direction of optical fibers can

23



10

15

20

25

CA 02402144 2002-09-10

be effected 1n operative assoclation with the drive
mechanism(s) 1n the optical fiber holding apparatus 10, 10a
described with reference to Fig. 5. It should also be noted
that the heating of the optical fibers 2 by electric
discharge 1s repeated until the neighborhood of the fusion
splicing part 4 1s given the necessary amount of thermal
energy to ensure that the TEC treatment of that area is
completed in a substantially uniform way.

As will be apparent from the foregoing description,
the present i1nvention ensures that the neighborhood of the
fusion splice of optical fibers with concentric core.
portions 1s heated as controlled for each optical fiber and.
varyving amounts of thermal energy can be applied to
individual optical fibers. When optical fibers are mass
fusion spliced by electric discharge, the state of fusion
splice of optical fibers away from the center of the fiber
array 1s not the same as that for optical fibers closer to

the center. However, according to the present invention,

such uneven fusion can be eliminated by TEC treatment
involving heating by electric discharge. In addition, the
total quantity of thermal energy including the heat applied
during fusion splicing can be made generally uniform over

all optical fibers involved; with the result that TEC

treatment can be performed uniformly.
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P

The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. A method for heating a first optical fiber ribbon
and a second optical fiber ribbon by an electric discharge,
the first and second optical fiber ribbons respectively
having a plurality of optical fibers arranged parallel to

each other, the method comprising the steps of:

a) fusion splicing the optical fibers of the first and
second optical fiber ribbons using electric discharge such
that more thermal energy is applied to the optical fibers
positioned away from a center of the arrangement than is
applied to the optical fibers at the center;

b) disposing at least one pair of discharge electrodes
in a direction perpendicular to a plane in which the optical
fibers are arranged; .

C) heating a neighborhood of a fusion splicing part of
the Optical fibers of the first and second optical fiber .
ribbons using the electric discharge generated between the
pair of the discharge electrodes, while the pair of the
discharge electrodes moving in at least one of a direction of
arrangement of the optical fibers and an axial direction of
the optical fibers such that more thermal enerqgy is applied
to the optical fibers positioned closer to the center of the
arrangement of the optical fibers than to optical fibers

positioned away from the center.
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2. The method according to claim 1, wherein the
optical fibers have different mode-field diameters, and
wherein the heating 1s performed under such temperature and
time conditions that the optical fibers themselves are not

5 melted and that a dopant added to cores of the optical
fibers thermally diffuses 1into claddings of the optical
fibers to thereby correct a difference of mode-field

diameter in the fusion splicing part.

10 3. The method according to claim 1, wherein the
thermal enerqgy applied to the optical fibers 1s controlled
by changing a power of the electric discharge according to

~

- the optical fibers.

the position o;

15 4., The method according to claim 1, wherein the
thermal energy applied to the optical fibers 1s controlled
by changing a gap between the discharge electrodes

according to the position of the optical fibers.

20 5. The method according to claim 1, wherein the
thermal enerqgy applied to the optical fibers 1s controlled
by changing a speed at which the discharge electrodes are

moved according to the position of the optical filbers.
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6. The method according to any one of claims 3 to 5,
wherein a total thermal energy applied to the optical
fibers by the electric discharge during the fusion splicing
step and the heating step is substantially uniform for each

of the optical fibers.

1. An apparatus for heating a neighborhood of a
fusion splicing part of optical fibers by an electric
discharge after fusion splicing of the optical fibers, the
optical fibers being arranged in a ribbon, the apparatus
comprising:

at least one pair of discharge electrodes provided 1n

a direction perpendicular to a plane in which the optical

fibers are arranged;

a moving mechanism for moving at least one of the

discharge electrodes and the optical fibers in at least one

of a direction of an arrangement of the optical fibers and
an axial direction of the optical fibers; and
a control unit for controlling a thermal energy

applied to the optical fibers in such a way that more

thermal energy 1s applied to the optical fibers positioned

gh—

closer to a center of the arrangement of the optical fiber

than to the optical fibers positioned away from the center.

8 . The apparatus according to claim 7, wherein the
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movling mechanism moves the discharge electrodes relative to

the optical fibers.
9. The apparatus according to claim 7, wherein the

moving mechanism moves the optical fibers relative to the

discharge electrodes.
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