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BACKGROUND OF THE INVENTION
1. FIELD OF THE INVENTION
5 The present invention relates to a fused-elongated-type

optical-fiber coupler formed by fusing and elongating single-
mode optical fibers; in particular, the present invention
relates to an optical-fiber coupler by which dependence on
polarization can be improved, and relates to a process for

10 manufacturing such an optical-fiber coupler.

2. BACKGROUND ART
In the fields of optical communication, optical
instruments, optical-fiber sensors, and the like, fused-

15 elongated-type optical-fiber couplers {(hereinafter simply
referred to as "optical-fiber couplers") formed by fusing and
elongating single-mode optical fibers have been employed for
the purpose of making optical signals which are transmitted
in an optical fiber diverge or merge.

20 ' Fig. 11 is a perspective view showing an example of a
conventional optical-fiber coupler. In the figure, reference
numerals 1 and 2 indicate optical fibers, reference numerals
la and 2a indicate c¢laddings, and reference numeral 3
indicates a fused-elongated portion. In addition, each of

25 reference numerals Pl, P2, P3, and P4 indicates a port.

An optical-fiber coupler of this type is usually

manufactured in the following manner.




pol ari,zation can be inproved, and relates to a process feg;

manuf acturing such an optical-fiber coupler. 2. BA awd
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optical -fi ber sensors, and the like, fused- 5 elongated

optical -fiber couplers (hereinafter si mply referred to-as
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of the coating layer at a central portion of each of optlcal
fibers 1 and 2 is removed so as to expose optical-fiber

5 c¢laddings la and 2a. Then, the two optical fibers 1 and 2
are placed in a manufacturing machine for an optical-fiber
coupler in a manner such that the optical fibers 1 and 2 are
arranged in parallel and that the exposed portions are next
to each other. The manufacturing machine for an optical-

10 fiber coupler employed in this process has a stage with a
driving device for stretching the optical fibers 1 and 2 in
the longitudinal direction. The two optical fibers are
attached using an adhesive, strings, or the like, at the ends
of.each portion where the.coating layer is removed, so as to

15 maintain contact between the surfaces of the claddings la and
2a of the two opfical—fibers at the portiens where the
coating -layers are removed. In this condition, a central
.portion of the part where the claddings la and 2Za are in
contact with each other is heated using a gas burner or an

20 electric heater so as to fuse the claddings la and 2a with

_each other. The heating is further continued, while the
fused portion 3 of the two optical fibers is elongated by
stretching the fused portion 3 in the longitudinal direction.-
The further the elongation proceeds in this manner, the

25 higher the level of optical coupling at the fused-elongated
portion 3. That is to say, when light enters through one of

the two ports Pl or P2 which is at one end of the optical



conventional optical-fiber coupler. In the figure, refegg ﬁ%ﬂhsB %ﬂar S
1 and 2 indicate optical fibers, reference nunerals itggll cat e
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portion. In addition, each of 25 reference nunerals Pl 4

I ndi cates a port. An optical -fiber coupler of this type S

;SU&||Y fibemBNUbACH Ur 8dcéPrA N0 OOV AL BN e 1ight enters into
the other optical fiber due to the optical coupling at the
fused~elongated portion 3, whereby both of the optical fibers
1 and 2 become capable of releasing lights through the ports

5 P3 and P4, which are at the other ends of the optical fibers
1 and 2. Accordingly, the elongation is carried out while
measuring the quantity of light released from each releasing
end, and completed when a desired level of optical coupling
is obtained. After the elongaticn, the fused-elongated

10 portion 3 is housed in a protective case in order to ensure
the environmental resistance, whereby an optical-fiber
coupler is obtained.
An optical-fiber coupler manufactured by fusing and
eiéngating two optical fibers in such a manner allows optical
15 coupling at the fused-elongated portion 3; the optical
coupling enabling divergence and mergence.bf light, which are
the functions of the optical-fiber coupler.
However, in communication systems ﬁsing lasers as light
sources, it has recently become a problem that a level of
20 opéical coupling of an optical-fiber coupler depends on the
. state of polarization of the entering light. That is to say,
there has been a problem in that when light enters threugh
the port Pl at an entrance end, and is released from the port
P3 or P4 at a releasing end, the insertion loss of the
25 coupler varies depen@ing on the polarization of the entering
light. 1In particular, in a system where a plurality of

optical-fiber couplers are used in many stages, the insertion



Firét,‘tmo'single-nnde optical fibers each of which is covered with a

pl astic coating are provided, and then, a part of the co ot Replaced
central portion of each of optical fibgrs 1 and 2 is rennﬁ 1 TS
expose optical -fiber claddings |a and 2a. Then, the two o [ [
and 2 are placed in a manufacturing machine for an optical-fiber coupler

in a mannépssuvhriabiobhdepmdent dn beres rbland Z2tdon aacuaogedesn paral | el
and that the exposed portions are next to each other. The manufacturing
machi ne f@hiah npyi calise évéerlaoggt @ranpmoyeduch ahvsrpaviessohas a st age
with a driving device for stretching the optical fibers 1 and 2 in the
| ongi t udi hakedtient Llons dépendentopin ddle fodlens zartdon is called
"polarization-dependent loss” or "PDL".
5 With an optical-fiber coupler manufactured by a
conventional process as described above, PDL has been
inevitable for the following reasons.
Fig. 12 is a view of a cross section at line C~C through
the optical coupling part of the fused-elongated portion 3 in
10 the optical-fiber coupler shown in Fig. 11. The origin of
the coordinate axes in this cross-sectional view is the
center of the optical fiber 1, which is one of the two
optical fibers 1 and 2 constituting the optical-~fiber
céﬁpler; the z-axis extends in the longitudinal direction of
15 the optical fiber 1; and on a plane vertical to thé z—axlis,
the x-axis exten&s in the direction of the line linking the
centers of the two optical fibers 1 and 2, and the y-axis
-extends in the direction perpendicular to the x-axis.
Now, suppose light of a certain polarized state enters
20 thé optical coupling part through the port Pl. For example,
~ Fig. 13 shows a situation where.planerolarized light which
is polarized in the direction of the x-axis enters, while
Fig. 14 shows a situation where plane-polarized light which
is polarized in the direction of the y-axis enters. In these
25 figures, the arrows indicate the directions of polarization

of the entering light and the coupling light in the adjacent

optical fiber which couples with the entering light. In the
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in propagation constants arises; as a result, a difference in

5 wavelengths at which the optical coupling becomes

maximum/minimum arises, and PDL occurs. As a result,

the

coupling ratios of light released from the optical-fiber

coupler vary depending on the polarization of the entering

light, for example, depending on whether the entering light

10 1s polarized in the x direction or the y direction, as shown

in Fig. 15. Accordingly, the coupler's insertion loss

between the port Pl and the port P3 or between the port Pl

-and the port P4 varies depending on the polarization of the

ehtering light, and PDL occurs.

15 Here, the coupling ratio, for example, when light enters

through the port Pl, the quantity of light released from the

port P3 is p3, and the gquantity of light released from the

port P4 is p4, is given by the following formula:
Coupling ratio (%) = {p4 / (p3 + pd)} x 100
20

SUMMARY OF THE INVENTION

The object of the present invention is to provide an

optical-fiber coupler formed by fusing and elongating single-

mode optical fibers, with which variation of insertion loss

25 dependent on the polarization (polarization-dependent loss;

PDL) can be eliminated, and to provide a process for

manufacturing such an optical-fiber coupler.
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the present invention is an optical-fiber coupler formed by
disposing two single-mode optical fibers in parallel, and
fusing and elongating the optical fibers at one position in
the longitudinal extent of the optical fibers so as to form a
fused-elongated portion having an optical coupling part, the
optical-fiber coupler being characterized in that with
respect to the direction of a line on a plane orthogonally
intersecting the longitudinal direction of the optical
fibers, the line linking the centers of the two optical
fibers, the direction of such a line on a plane at one end of

the optical coupling part of the fused-elongated portion

makes an angle in the range of 90-% 10 degrees with the

direction of such a line on a plane at the other end of the
optical coupling part.

Owing to the above constitution of the optical-fiber
coupler according to the first aspect of the present
invention, the PDL characteristics of a conventional optical-
fiber coupler can be improved by a relatively simple
teéhnique in which with respect to the direction of a line on
a plane orthogonally intersecting the longitudinal direction
of the optical fibers, the line linking the centers of the
two optical fibers, the direction of such a line on a plane
at one end of the optical coupling part of the fused-
eloﬁgated portion makes an angle in the range of 90 % 10
degrees with the direction of such a line on a plane at the

other end of the optical coupling part. Moreover, since such

N



1 and 2. Accordingly, the elongation is carried out while measuring the
quantity of light released fromeach releasing end, and &€ © laged
desired | evel of optical coupling is obtained. After the -ﬂ , F
fused-el ongated portion 3 is housed in a protective case i ]
ensure the environnental resistance, whereby an optical-fiber coupler is

obt ai ned. an optiAB10REHER! cbiBEEr CYPS SEo MBI ACE Wk Afed ng and

el ongating two optical fibers in such a manner allows optical coupling at

the fused«hopgatedaREr hh8Na3sithenoPti falne COUR IO 18030l di ver gence
and nergence of light, which are téé%%%nct?ons of the optical-fiber
coupler. conventional type, the optical-fiber coupler is preferable in

view of cost and compactness.

A second aspect of the present invention is a process
for manufacturing an optical-fiber coupler by disposing two
single-mode optical fibers in parallel, and heating to fuse
and elongate the bptical fibers at'one position in the

10 longitudinal extent of the optical fibers so as to form a
fused-elongated portion having an optical coupling part, the
process being characterized by comprising the step of giving
a twist of the optical fibers at the optical coupling part of
thé fused—-elongated portion in the course of the heating

15 step.

Owing to the above constitution of the process for
manufacturing an optical-fiber coupler according to the
"second aspect of the present invention, the PDL of an
optical-fiber coupler can be improved simply by imparting a

20 twist to the fused-elongated portion in the course of the
fusing-elongating step. Accordingly, the operations are
simple, and furthermore, since the manufacturing machine to
be employed is merely required to be provided with a
mechanism for twisting the fuse-elongated portion in addition

25 to a conventional manufacturing machine for an optical-fiber
coupler, the manufacturing machine can also be readily

introduced into an existing production line at a low cost.
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In addition, since the twist is added in the course of
5 the fusing-elongating step, the thus-twisted part is
additionally heated after the formation of the twist.
Accordingly, distortion due to twisting can be eliminated,
and an optical-fiber coupler having excellent optical
characteristics and mechanical reliability can be obtained.
10
A third aspect of the present invention is a process for
manufacturing an optical-fiber coupler by disposing two
.51ng1e~mode optical fibers in parallel, and heating to fuse
and elongate the optical fibers at one position in the
15 longitudinal extent of the optical fibers so as to form a
fused—elongated portion, the process beiné characterized by
comprising the step of imparting a twist to the optical
fibers before the heating step.
Owing to the above constitution of the process for
20 manufacturing an optical-fiber coupler according to the third
aspect of the present invention, the PDL of an optical-fiber
coupler can be improved simply by imparting a twist to_the
two optical fibers before the fusing-elongating step.
Accordingly, the operations are simple, and furthermore,
25 since the manufacturing machine fto be employed is merely
required to be provided with a mechanism for twisting the

fuse-elongated portion in addition to a conventional



4 ° loss variation dependent on the polarization accunul at es, whi ch
may cause even | arger problem Such a variation of rrms&tebtlmm¢m3@1aced
dependent on the polarization is called, "polarizatlo

"PDL" . Wth an optical -fiber coupler nanufactur

conventional process as described above, PDL has been |nev or th

f0||0“”n9méﬁ§§98§urln? machfid £o drS ﬁﬂd@ﬂ-?ﬁb% CEB§§I§§CttB@ at Ilne GC

t hr ough

10

15

20

25

the optical coupling part of the fuse
manufacturing machine can also be readily introduced into an

existing production line at a low cost. Moreover, since the
production time is almost the same as that of a conventional
process, the process of the third aspect is useful in view of
efficiency.

In addition, since the twist is added before the fusing-
elongating step, the thus-twisted part is heated after the
formation of the twist. Accordingly, distortion due to
twisting can be eliminated, and an optical-fiber coupler
having excellent optical characteristics and mechanical

reliability can be obtained.

A fourth aspect of the present invention is a process
for manufacturing an optical-fiber coupler by disposing two
single-mode optical fibers in parallel, and heating to fuse
and elongate the optical fibers at one position in the
longitudinal extent of the optical fibers so as to form a
fused-elongated portion having an optical coupling part, the

process being characterized by comprising the steps of

. cutting the optical coupling part of the fused-elongated

portion into two sections in the course of the heating step,
rotating one section around a central axis perpendicular to
the cutting plane, joining the two sections together at the
cutting plane, and further heating to fuse and elongate the
fused-elongated portion.

Owing to the above constitution of the process for

el'ongated portion 3 in



the optical -fiber coupler shown in Fig. 11. The origin of t he coor di nat e
axes in this cross-sectional viewis the center of tHEESurMQQBﬂikQﬁ&ag,
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optical coupling part of the fused-elongated portion into two
5 sections, rotating one section around a central axis
perpendicular to the cutting plane, and joining the two
sections together at the cutting plane, in the course of the
fusing-elongating step. Accordingly, the operations are
simple, and furthermore, since the manufacturing machine to
10 Dbe employed is merely required to be provided with a cutting
means and a mechanism for rotating the optical fibers in
addition to a conventional manufacturing machine for an
bptical-fiber coupler, the ménufacturing machine can also be
réédily introduced into an existing production line at a low
15 cost.

In addition, since the cutting and jdining steps are
carried out in the course of the fusing-elongating step, the
thus-joined part is additionally heated after the joining
step. Accordingly, a stepped structure due to the joining

20 caﬁ be eliminated, and an optical-fiber coupler having
_ excellent optical characteristics and mechanical reliability

can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS
25 Fig. 1 is a perspective view showing an embodiment of an
optical-fiber coupler according to the present invention.

Fig. 2A is a view of the cross section at line A-A of
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Fig. 2B is a view of the cross section at iine B-B of

the optical-fiber coupler shown in Fig. 1, into which light
5 of x polarization is introduced.

Fig. 3A is a view of the cross section at line A-A of
the optical-fiber coupler shown in Fig. 1, into which light
of y polarization is introduced.

Fig. 3B is a view of the cross section at line B-B of

10 the optical-fiber coupler shown in Fig. 1, into which light
of y polarization is introduced.

Figs. 4A and 4B are perspective views sequentially

- showing the steps of a third embodiment of a manufacturing
process of an optical-fiber coupler according to the present

15 invention. |

Figs. 5A and 5B are perspective views sequentially
showing the steps of a fourth embodiment of a manufacturing
process of an optical-fiber coupler according to the present
invention.

20 ' Fig. 6 is a perspective view showing an optical-fiber
coupler obtained by the fourth embodiment of the present
invention.

Fig. 7 is a schematic compositional view showing a
measuring system for measuring the PDL of an optical-fiber

25 coupler.

Fig. 8 is a graph showing the PDL characteristics of an

optical-fiber coupler obtained in accordance with an example
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5 Fig. 10 is a graph showing the PDL characteristics of an
optical-fiber coupler obtained in accordance with a
comparative example.

Fig. 11 is a perspective view showing an example of a
conventional optical-fiber coupler.

10 Fig. 12 is a view ¢of the c¢ross section at line C-C of
Fig. 11.

Fig. 13 is a view of the cross section at line C-C of
the conventional optical-fiber coupler as shown in Fig. 11,
iﬁfo which light of x polarization is introduced.

15 Fig. 14 is a view of the cross section at line C-C of
the conventional optical-fiber coupler as shown in Fig. 11,
into which light of y polarization is introduced.

Fig. 15 is a graph showing the wavelength-coupling ratio
characteristics of light of x and y polarization using a

20 coﬁventional optical-fiber coupler.

Figs. 16A, 16B, and 16C are cross-sectional views of an
optical coupling part which is twisted by 180 degrees, into

which light of x polarization is introduced.

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention will be further described in

detail below. Fig. 1 is a perspective view showing an



entering 1ight, and PDL occurs. 5 Here, the coupling ratio, for
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In this embodiment, the optical-fiber coupler is formed

presas

by disposing two single-mode optical fibers 1 and 2 in

5 parallel, and fusing and elongating the optical fibers at one
position in the longitudinal extent of the optical fibers;
the optical fiber coupler greatly differing from conventional
type in that a twist is provided in the optical coupling part
3' of the fused-elongated portion 3 (to form a twisted part

10 4) so that with respect to the direction of a line on a plane
orthogonal to the longitudinal direction of the optical
fibers 1 and 2, and linking the centers of the two optical
fibers 1 and 2, the direction of such a line on the plane at

. oﬁé end of the optical coupling part 3' of the fused-

15 elongated portion 3 makes an angle of approximately 90
degrees with the direction of the line on fhe plane at the
other end of the optical coupling part 3'.

Figs. 2 and 3 show views of the créss sections at
upstream and downstream ends of the optical coupling part 3!
20 in.the fused-elongated portion 3 of the optical-fiber coupler
_shown in Fig. 1. Figs. 2A and 3A are views of cross sections
at line A-A of Fig. 1. Figs. 2B and 3B are views of cross
sections at line B-B of Fig. 1. The coordinate axes are the
same as those in Fig. 12.

25 Suppose light of a certain polarization enters the

twisted part 4 through the port Pl at an entrance end. For

example, Figs. 2A and 2B show a situation where plane-



PDL) can be elininated, and to provide a process for ThaaM£ |ng
such an optical -fi ber coupler I n order qu@ﬁ
above object, a firstspect of t he present invention is

coupl er formed by di sposing two singl e-node optical fi ﬁ;
and fusing and el ongating the optical fibers at one posrtlon I n he

longitUdi%%ha%éEgatl?&h&hgofgflfgﬁ {ﬂt¥ﬂé;&%}é§%fsg % T3 x-axis
enters. The x polarization of light at the upstream end of
the twisted part 4 as shown in Fig. 2A changes into y
polarization at the downstream end of the twisted part 4 as

5 shown in Fig. 2B. On the other hand, Figs. 3A and 3B show a
situation where plane-polarized light polarized in the
direction of the y-axis enters. The y polarization of light
at the upstream end of the twisted part 4 as shown in Fig. 3A
changes into x polarization at the downstream end of the
10 twisted part 4 as shown in Fig. 3B.

Thus, since in the optical~fiber coupler of this
embodiment, the optical fibers 1 and 2 are both twisted by
approximately 90 degrees at the twisted part 4, light
eﬁrering with x polarization changes into light of y

15 polarization, and light entering with y polarization changes
into light of x polarization, after the light passes througﬁ
the twisted part 4. Accordingly, light entering with x
polarization as well as light entering with y polarization
experiences coupling in the optical coupling part 3' under x-

20 polarization and y-polarization at the same levels; as a
result, the variation of the polarization-dependent loss
(PDL)} can be reduced to an extremely low level.

Theoretically, 100% of light which is x polarized (or y
pelarized) upon entering can be changed into light of y

25 polarization (or x polarization) by using an optical-fiber
coupler formed by twisting both optical fibers 1 and 2 by 90

degrees at the optical coupling part 3', whereby PDL can be
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optical -fi ber coupler being characterized in that %% t he
direction of a line on a plane orthogoRally in er ,"ﬂ ﬂm'
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is assumed that the variation in the insertion loss dependent

5 on the polarization of entering light (PDL) can be reduced to
almost zero.

It is noted that although a twist of approximately 90
degrees is given to the optical coupling part 3' according to
this embodiment, the optical fibers 1 and 2 may be twisted

10 several times so that the direction of a line linking the
centers of optical fibers 1 and 2 at the upstream end of the
optical coupling part 3' makes an angle of approximately 90
aegrees with that at the downstream end. That is to say, the
oéiical coupling part 3' may be formed by twisting the

15 optical fibers 1.and 2 by (2n+l)x90 degrees {(wherein n is an
integer).

In addition, although it is preferable that a twist have

"an angles of exactly (2n+1)x90 degrees, a sufficient PDL
reduction effect can be obtained when the angle of the twist

20 is in the range of {2n+1)x%0 * 10 degrees.

According to this embodiment, PDL characteristics of a
conventional optical-fiber coupler formed by disposing two
optical fibers 1 and 2 in parallel, and fusing and elongating
the optical fibers at one position in the longitudinal extent

25 of the optical fibers can be improved simply by giving a
twist of 90 degrees to the optical coupling part 3' in the

fused-elongated portion 3 of the optical-fiber coupler.



i nvention, the PDL characteristics of a conventional optical- flber
coupl er can be inproved by a relatively sinple 10 techni olts Sheet HisiBetn Rep

respect to the direction of a line on a pl ane orthog naI
t he | ongitudinal direction of the oﬁ%lcal fibers,

centers of the two optical fibers, the direction of uch a ne
pl ane (o1s 1= oftih C f dy
el ongat ed poﬁtpoﬁsngke%laﬁgaﬁg%% ?% e é%%ﬁ%ﬁﬁ%g §4§% d%%ﬁ grees W th

the directiign of caEliBabbACsPPuBREENENA AN P 1574naf sbhg opti cal

coupling part. Mreover, since suc
as that of a conventional type, a conventional protective

case or other related parts may be applied to this optical-
5 fiber coupler without modification, and thus the optical-
fiber coupler is preferable in view of cost and compactness.
Moreover, since the twisted part 4 in which the optical

fibers 1 and 2 are twisted together is in the fused-elongated
portion 3, stress due to the twist does not remain, and

10 degradation of optical properties and reliability is rarely
observed.

In the case where the angle of the twist at the twisted
part 4 is an even-numbered multiple of 90 degrees ({2nx30

degrees}, opfical coupling of one of the polarization states,
15 the x or y polarization, becomes dominant, and therefore the
effect of improving PDL cannot be obtained. Figs. 16A, 16B,
and 16C shows a situation where the optical coupling part of
"an optical-fiber coupler is twisted by 180 degrees; wherein
Fig. 16A is a cross-sectional view showing the upstream end
20 of the optical coupling part; Fig. 16B is a cross-sectional
- view showing the middle of the optical coupling part:; and
Fig. 16C is a cross-sectional view showing the downstream end
of the optical coupling part. In these cross-sectional
views, the coordinate axes arelfhe same as those in Fig. 12.
25 In addition, when plane-polarized light which is polarized in
the direction of x axis enters, light which is x-polarized at

the upstream end of the coupling part once becomes y-



7 an _optical -fiber coupler does not have a conplicated Thgtsﬁléﬁﬂre and has

a size nearly the sanme as that of a conventional type Rhmbar
coupler is preferable in view of cost;-and conpact ness j]ﬂm %
aspect of the present invention is a process for manufa
optical -fiber coupler by disposing two single-node optical fibers |n
Donr ) om0k Beaiothd honept il antienl dahered | one
then returns to the x-polarization state at the downstream
end of the coupling part. Thus, in the case where the
optical coupling part is twisted by approximately 180
5 degrees, since light entering with x polarization experiences
the x-polarization state more than the y polarization state,
while the light passes through the optical coupling part, the
x polarization is dominant, and an effect of reducing the
variation of the polarization-dependent loss (PDL) can be
10 obtained.

An optical-fiber coupler of this embodiment can be
manufactured, for example, in the following manner.

A first embodiment of a manufacturing process for an

, oﬁfical—fiber coupler according to the present invention will
15 be explained in the following.

First, two single-mode optical fibers 1 and 2 each of
which is covered with a plastic coating are provided, and
then, a part of the coating layer at a central portion of
each of optical fibers 1 and 2, preferably in the length of

20 aboﬁt 30 mm, is removed so as to expose optical-fiber
_claddings la and 2a.

Next, the two §ptical fibers 1 and 2 are placed in the
manufacturing machine for an optical-fiber coupler in a
manner such that tﬁe optical fibers 1 and 2 are arranged in

25 parallel and that the exposed portions are next to each

other. The manufacturing machine for an optical-fiber

coupler employed in this process has a stage with a driving



f used-.el ongated portion having an optical coupl iﬂgﬁﬁr Beﬁ'ﬁzﬂa@édocess bei ng

characterized by conprising the step of giving opti cal
fibers at the optical coupling part ofl8the fuseéﬂ BB IL[Hti<3n in the
ion of the

course of the heating step. Owi ng to the
process for manufacturing an optical-fiber coupler according to the

second aspReh cf rhhespresening M td ik cdiner illdr Of @y @PLinCahef | ber _
coupler can be inproved sinply by inparting a twi st to the fused-el ongated

portion inqhiaetaa¥hse Qiréfeiod USdiy-& QA NG 18! RnsAeuREdlnghby st he
operations are sinple, and furthernore, since the manufacturing machine to

to hold the ends of the exposed portions with clamps which

are fixed to the stage.

5 Then, the claddings la and 2a of the two optical fibers
are attached to each other using an adhesive, strings, or the
like, at the ends of each portion where the coating layer is
removed, so as to maintain contact between the surfaces of
the claddings la and 2a of the two optical-fibers at the

10 portions where the coating layers are removed.

In this condition, the part where the claddings la and
2a are in contact with each other (preferably the central
bortions thereof) is heated so as-to fuse the claddings 1la
aﬁd 2a with each other; then, the heating is further

15 continued; while the fused portion 3 is elongated by
stretching the fused portion 3 in the longitudinal direction.
For this heating, a gas burner or an electric heater should
-preferably be used as a heat source.
Then, by rotating one of the clamps holding the ends of
20 thé two optical fibers 1 and 2 by approximately 90 degrees
_ with respect to the other clamp in the course of the fusing-
elongating step, a twist of 90 degrees is given to the
optical coupling part 3' of the fused-elongated portion 3.
In addition, the fusing-elongating step is carried out
25 while measuring the quantity of light released from each
releasing end, and completed when a desired level of optical

coupling is achieved. After this step, the fused-elongated



be enployed is nerely required to be provided with a e c hagi gm

twi sting the fuse-elongated portion |n addltlon to a conven

manuf act uri ng machine for an optical-fi coupl er, ther Jﬁm | ””H
machi ne can al so be readily introduce |nto an eX|st|ng pr t
a | ow cost. Mor eover, since

the produgidranohi 3e ilsshaueeat ihhg dﬁﬁ@@e@@ive céé@ti&foaﬁi&o@(ﬁ@rﬂs@&@
process, the process of the secon

environmental resistance, whereby an optical-fiber coupler is

obtained.
According to the manufacturing process of an optical-

5 fiber coupler in this embodiment, the PDL of an optical-fiber
coupler can be reduced simply by giving a twist to the
optical coupling part 3' of the fused-elongated portion 3 in
the course of the fusing-elongating step. Accordingly, the
operations are simple, and furthermore, since the

10 manufacturing machine to be employed is merely required to be
provided with a mechanism for rotating one of the clamps in
addition to a conventional manufacturing machine for an
'Optical—fiber coupler, the manufacturing machine can also be
réadily introduced into an existing production line at a low

15 cost. Moreover, since the production time is almost the same
as that qf a coﬁventional process, the prdcess of the first
embodiment is useful in view of efficiency.

In addition, since the twist is added in the course of
the fusing-elongating step, the thus—-twisted part 4 is

20 ad&itionally heated after the formation of the twist.
Accordingly, distortion due to twisting can be eliminated,
and an optical-fiber coupler having excellent optical
characteristics and mechanical reliability can be obtained.

Although a twist is given to the fused-elongated portion

25 3 in the course of the fusing-elongating step, the fusing-

elongating step may be carried out after the optical fibers 1

and 2 are twisted.
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and an optical -fiber coupler having excel l ent opti cal l Htics

and nechani cal A’ I| | talne r.d as ect of
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be explained in the following.

twst is added in the course of 5 the fusing-elongati sﬁﬁa@h
thus-twi sted part is additionally heated after the f ﬁ!,
tw st. Accordingly, distortion due“”o tw sting can *,ﬁj

First, in a manner similar to the above first
5 embodiment, two single-mode optical fibers 1 and 2 each of
which is covered with a plastic coating are provided, and
then, a part of the coating layer at a central portion of
each of the optical fibers 1 and 2 is removed so as to expose
optical-fiber claddings la and 2a.

10 Next, the two optical fibers 1 and 2 are placed in a
manufacturing machine for an optical-fiber coupler in a
manner such that the optical fibers 1 and 2 are arranged in
parallel and that the exposed portions are next to each
other. As the manufacturing machine for an optical-fiber

15 coupler, one similar to that used in the above first
embodiment is preferably used.

Then, by rotating one of the clamps holding the ends of
"the two.optical fibers 1 and 2 for several turns with respect
to the other clamp, the surfaces of the claddings 1la and 2a

20 of the two optical fibers 1 and 2 are brought intc contact

. with each other. Thereafter, in order that the portion where
the optical fibers 1 and 2 are twisted together will form an
optical coupling part having a twist of 90 degrees after
fusing and elongating, the pitch and the position of the

25 twist are adjusted using a tool having a smooth surface, such
as a plastic stick, which will not damage the surfaces of the

claddings of the optical fibers.



5 longitudinal extent of the optical fibers so as to forn1a tH%B%
fused- el ongated portion, the process being characterized by h«ﬁ
the. step of inparting a twist to the opical fibers befor

st ep. Owni ng to the above constitution of the process for

manuf acturing an optical -fiber coupler according to the third aspect o

the present invgpkkglenthf, PR Héa@fhzfpé ICtefdPRIF the GRUBIRL paRLbE
i nproved sinply by inparting a twist to the two optical fibers before

the fusing@i@R0aLI BHoSEEPLhe c1ASEHEL NU Yand P& QRAY a4iRS 3@ +kRP! e, and
furthernmore, 5 since the manuf acturing machine to be enployed is nerely
required 9 Re;Rr g¥kdednW theR, NRCIAD SIRE Huin¥ Hd MG 1€ the fused
portion 3 is elongated by stretching the portion in the
5 longitudinal direction. For this heating, a gas burner or an
electric heater should preferably be used as a heat source.
In addition, the fusing-elongating step is carried out
while measuring the quantity of lighf released from each
releasing end, and the elongation is completed when a desired

10 level of optical coupling is achieved. After this step, the
fused-elongated portion 3 is housed in a protective case in
order to ensure environmental resistance, whereby an optical-
fiber coupler is obtained.

| According to the manufacturing process of an optical-

15 fiber coupler in this embodiment, the PDL of the optical-
fiber coupler can be reduced simply by gi#ing a twist to the
two optical fibers 1 and 2 before the fusing-elongating step.
-Accordingly, the operations are simple, and furthermore,
since the manufacturing machine to be employed is merely

20 reéuired to be provided with a mechanism for rotating one of

. the clamps in addition to a conventional manufacturing
machine for an optical-fiber coupler, the manufacturing
machine can also be readily introduced into an existing
production line at a low cost. Moreover, since the

25 production time is almost the same as that gf a conventional
process, the process of the second embodiment is useful in

view of efficiency.



fuse-elongated portion in addition to a conventi onal
9. manufacturing machi ne for an optical -fi ber coupler,,tihgsmmmmuh&ﬁhﬁﬁkgg
machi ne can also be readily introduced jnto an eX|st|3§ p a?hc:{,‘

a low cost. Moreover, since the productdon tinme is al
of a conventional process, the process of the third a
vi ew of

'ect
eff'C'%nCédltlon, since the twist is added before the fusing-

elongating step, the thus-twisted part 4 is heated after the
formation of the twist. Accordingly, distortion due to
twisting can be eliminated, and an optical-fiber coupler

5 having excellent optical characteristics and mechanical
reliability can be obtained.

An optical-fiber coupler as shown in Fig. 1 can also be
manufactured as follows.

A third embodiment of a manufacturing process for an

10 optical-fiber coupler according to the present invention will
be explained in the following.

Figs. 4A and 4B sequentially show the steps of a
-manufacturing process of an optical-fiber coupler according
to this embodiment.

15 First, in a manner similar to the above first
| embodiment, two single-mode optical fiberé 1 and 2 each Sf
which is covered with a plastic coating are provided, and
then, a part of the coating layer at a central portion of
eagh of optical fibers 1 and 2 is removed so as to expose
20 optical-fiber claddings.la and 2a.

Next, the two optical fibers 1 and 2 are placed in a
manufacturing machine for an optical—fibef coupler in a
manner such that the optical fibers 1 and 2 are arranged in
parallel and the exposed portions are next to each other. As

25 the manufacturing machine for an optical-fiber coupler, one
similar to that used in the above first embodiment is

preferably used.



In addition, since the twist is added before the fusing- elpg%m%hﬁgmﬁtep,

the thus-twisted part is heated after the formation TisSheek

Accordingly, distortion due to twsti can be el i m nalje “&\“
optical -fi ber coupler having excellent "optical charact|dfy

mechani cal reliability can be obtained. A fourt aspect of the
present | nvent irfgn) SRePEREA3Snal Ofa TRNIALIIN ItBE AAPRLHGBan B8R LOUP! er
by di sposing two S|ng e optical fibers In paral , eatlng to
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extent of the optical bers so as to forma
like, at the ends of each portion where the coating layer is

removed, 80 as to maintain contact between the surfaces of
5 the claddings la and 2a of the two optical-fibers at the
portions where the coating layers are removed.

In this condition, the part where the claddings la and
2a are in contact with each other (preferably the central
portions thereof) is heated so as to fuse the claddings la

10 and 2a with each other; then, the heating is further
continued, while the fused portion 3 is elongated by
stretching the fused portion 3 in the longitudinal direction.
for this heating, a gas burner or-an electric heater should
pféferably be used as a heat source.

15 - Then, as shown in Fig. 4A, in the course of this fusing-
elongating step, preferably when optical ééupling is created,
the fused-elongated portion 3 is cut into two sections at the
central position thereof.

Subsequently, one section is rotated by 90 degrees

20 aréund a central axis perpendicular to the cutting plane as

. shown in Fig. 4B (for example, by rotating one of the clamps
holding the ends of the two optical fibers 1 and 2 by 90
degrees with respect to the other clamp); thereafter, the two
sections are joined together at the cutting plane (joined

25 part 5); and the heating for fusing and elongating is further
carried out.

In addition, the fusing-elongating step is carried out



f used-el ongat ed portion having an optical coupling part, Bﬁe ocess being

characterized by conprising the steps of cutting the opti
of .t he fused-el ongated portion into tygp sections in the c i: ,ﬂ%#
heating step, rotating one section around a central axis to
the cutting plane, joining the two sections together at the cutting plane,
and furthghiheahédghting Uge antirelieRgaife 1tiat rusedsetionganedaprrtion.
Owi ng to the above constitution of the process for

releasing end, and the elongation is completed when a desired

level of optical coupling is achieved. After this step, the
fused-elongated portion 3 is housed in a protective case in

5 order to ensure environmental resistance, whereby an optical-
fiber ¢oupler is obtained.

According to the manufacturing process of an optical-
fiber coupler in this embodiment, the PDL of an optical-fiber
coupler can be reduced simply by cutting the fused-elongated

10 portion 3 into two sections, rotating one section, and
joining the two sections together, in the course of the
fusing-elongating step. Accordingly, the operations are
simple, and furthermore, since the manufacturing machine to
bé'employed is merely required to be provided with a cutting

15 means and a mechanism for rotating one of the clamps in
addition to a coﬁventional manufacturing machine for an
optical-fiber coupler, the manufacturing machine can also be
‘readily introduced into an existing production line at a low
cost.

20 | In addition, since the cutting and joining steps are

_carried out in the course of the fusing-elongating step, the
thus-joined part 5 is additionally heated after the joining
step. Accordingly, a stepped structure due to the joining
can be eliminated, and an optical-fiber coupler having

25 excellent optical characteristics and mechanical reliability
can be obtained.

A process as in this embodiment, in which a twisted part



10 © manufacturing an optical -fiber coupler according to gurth asp
the present invention, the PDL of an optical-fiber coup ﬁﬁmﬁgelnproved
sinmply by cutting the optical couplinggpart of the f ' _

into two sections, rotating one sectlon around a central 4
perpendi cular to the cutting plane, and joining the t sect 1 C

at the cufjtiorPhidl® by dthie P hee f@fserdh@mhgaitaa- pboBgahj ngast ep.
Accordingly, the operations are sinple, and furthernore, since the

Vr;atnﬁf ZC}: utfztea@cém@m NRotd ghetanpltewed &l proeeeky iheqHierdthe besed-ovi ded
utting

elongated portion is simply twisted.

Moreover, the above first to third embodiments describe
5 manufacturing processes for an optical-fiber coupler having a
structure in which the direction of a line which links the
centers of the two optical fibers 1 and 2 at one end of the
optical-fiber coupler covered with a coating layer makes an
angle of approximately 90 degrees with the direction of a
10 line at the other end; however, an optical-fiber coupler of
the present invention will function as long as the direction
of a line which links the centers of the two optical fibers 1
and 2 at one end of the optical coupling part, makes an angle
of.approximately 90 degrees with the direction of a line at
15 the other end of the optical coupling part; therefore, the
optical-fiber coﬁpler may be of a structufe in which the
direction of a line which links the centers of the two
optical fibers 1 and 2 at one end of the optical-fiber
coupler covered with a coating layer is identical to the
20 difection of a line at the other end. Such an optical-fiber
_ coupler can be manufactured in the following manner.

A fourth embodiment of a manufacturing process for an
optical-fiber coupler according to the present invention will:
be explained in the following.

25 Figs. 5A and 5B sequentially show the steps of a
manufacturing process of an optical-fiber coupler according

to this embodiment.



means -and a mechanismfor rotating the optical fibers |&““aﬁg1 iEETTT}qi\
conventional manufacturing machine for an optical-fiber
manuf act uri ng machine can also be readigy introduced

production line at a low cost. I'n addition, since t
joining steps are carried out in the course of the fusing-elong

the thus-joinedrpaltihSaafghhépnainyldieatedidf @ovheir@itni ng  step.

Accordingly, a stepped structure due to the joining can be elimnated, and
an opti calemioba%eﬁeupkﬁa @ﬁﬂ%wm@a@%gﬁraapwb@s ghanachekhehi 6 and

mechani cal reliabil |ty can be obtai ned
which is covered with a plastic coating are provided, and
then, a part of the coating layer at a central portion of
5 each of the optical fibers 1 and 2 is removed so as to expose
optical-fiber claddings la and 2a.

Next, the two optical fibers 1 and 2 are placed in a
manufacturing machine for an optical-fiber coupler in a
manner such that the optical fibers 1 and 2 are arranged in

10 parallel and that the exposed portions are next to each
other. As the manufacturing machine for an optical-fiber
coupler, one similar to that used in the above first
embodiment is preferably used.

. Then, by rotating one oﬁ the clamps holding the ends of
15 the two optical fibers 1 and 2 by approximately 90 degrees
with respect to the other clamp, the surféces of the
claddings la aﬁd 2a of the two optical fibers 1 and 2 are
“brought into c¢ontact with each other.
Subsequently, by heating a portion of the par{: where the
20 opéical fibers 1 and 2 are in contact with each other, the
claddings la and 2a are fused together at this portion; then,
while continuing heating, the fused portion 3 is elongated by
stretching the portion in the longitudinal direction. For
this heating, a gas burner or an electric heater should
25 preferably be used as a heat source.
This fusing-elongating step is carried out while

measuring the quantity of light released from each releasing
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BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1is a pEm%ggﬁ% e V|ew
showi ng an enbodi nent of an optical-fiber coupler acc cpresent
i nvent i on. Fig. 2Ais a view of tzh]e Cross secti ﬂmmﬁsﬁn

the optical-fiber coupler shown in Fig.” 1, into which

pol ari zation is introduced.

end, and when a desired level of optical coupling is neared,
one of the clamps holding the ends of the two optical fibers
1 and 2 is rotated by approximately 380 degrees with respect
to the other clamp, as shown in Fig. 5B. This rotation is
5 carried out so as to give é twist of approximately 90 degrees
to the optical coupling part 3', and alsc to bring the
direction of a line which links the centers of the two
optical fibers 1 and 2 at one end of the optical-fiber
coupler covered with a coating layer into agreement with the
10 direction of a line at the other end. The direction of this
rotation of clamps may be the same as or opposite to the
direction of the rotation by approximately 90 degrees which
was carried out before the fusing-elongating step.
When the desired optical coupling characteristics are
15 obtained, the elongation is completed, and the fused-
elongated portioﬁ 3 is housed in a protecfive case 10 as
shown in Fig. 6 in order to ensure environmental resistance,
-whereby an optical-fiber coupler is obtained.
A;cording to a manufacturing process for an optical-
20 fiﬁer coupler of the this embodiment, no twist is provided in
~ the optical coupling part when the two optical fibers 1 and 2
.are twisted together by approximately 90 degrees and the
fusing-elongating step is carried out; thereafter, by
twisting the two optical fibers 1 and 2 together so as to
25 Dbring the direction of a line which links the centers of the
two optical fibers 1 and 2 at one end of the optical-fiber

coupler into agreement with the direction of a line at the



Fig. 2Bis a view of the cross section at |ine B-B of
optical -fiber coupler shown in Fig. 1, into which li ght @ﬁc‘mkphced

polarization is introduced. Bg. 3Ais a view

section at line A-A of t he optical-Tfiber coupler sh |nto
whi ch |ight of y polarization is introduced. Fig. SB IS a

vi ew of t'@%H%&Oéﬁdseﬁttﬂﬂsétok'Qﬁpﬁ%£&ﬁﬁ?el § ") QRiGrRls Til ey vepupber shown
in Fig. 1, into whi ch I'i ght of y po arlzatlon I's I ntroduced.
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coupl er ageRr $ipRgche bBeoBESSERY.

Since an optical-fiber coupler having such a structure
5 possesses identical shapes at both ends of the optical-fiber
coupler, it can be conveniently housed in a protective case
which has a groove'having an even width along the
longitudinal direction; accordingly, such an optical-fiber
coupler is preferable since it can fit a conventional
10 protective case. Furthermore, since the manufacturing
machine to be employed is merely required to be provided with
a mechanism for rotating one of the clamps in addition to a
conventional manufacturing machine for an optical-fiber
coﬁpler, the manufacturing machine can also be readily
15 introduced into an existing production line at a low cost.
Moreover, since the production time is almost the same as
that of a conventional process, the process of this

" embodiment is also useful in view of efficiency.

20 EXAMPLES
Example 1
In line with the manufacturing process of the above
first embodiment, a WDM {wavelength~division-multiplexing)
optical-fiber coupler for 1.48/1.55 pym was manufactured,
25 which is capable of diverging and merging light having a

wavelength of 1.48 um and light having a wavelength of 1.55

pm.
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15 "ipvention. Figs. 5A and 5B are perspecti veyyi S uentiér
showi ng the steps of a fourth enbodi nent of a nanufactu??ymggﬁhsg o?
an,optical -fiber coupler according to gde present i nventHHHi“, I f

Fig. 6 is a perspective view showi ng an optical -fi ber

by the fourth enbodi nent of the present I nventi on. Fig. 7 is
a schematic compasiis dralsay,ewisiaw hgoasinglenpaderopylcybt ey
nmeasuring the PDL of an optical-fiber 25 coupler. Fig. 8is a

gr aph showérg pieriRRld chasactachssf cshefsimgle-mode optical fibers,
one having a mode field diameter of 9.5 um, a cladding
diameter of 125.5 um, a coating diameter of 255 ym, and a
5 cut-off wavelength of 1.23 pym was used.

Next, a part of the coating layer of each of optical
fibers was removed in a length of about 30 mm, and thereafter
the optical fibers were placed in a manufacturing machine for
an optical-fiber coupler, and the exposed claddings were

10 brought into contact with each other.

Subsequently, the exposed cladding portions were heated
at the approximate centers thereof, and were elongated while
the heating was further continued. During this elongating
stép, light having a wavelength of 1.48 pm and light having a

15 wavelength of 1.55 um were introduced through Pl, which was
one of the ports.at the entrance end, and the quantities of
light released from P3 and P4, the two ports at the releasing
end, were monitored; an optical coupling state in which 100%
of coupling light having the wavelength of 1.55 pm 1is

20 obﬁained from P3, which is one of the ports at the releasing

_ end, and 100% of coupling light having the wavelength of 1.48
pm is obtained from the other port P4 was targeted.

Then, when the optical coupling level of the light
having the wavelength of 1.48 pm reached approximately 100%,

25 one of the clamps holding the ends of the two optical fibers
was rotated by approximately 90 degrees with respect to the

other clamp, thereby giving a twist of 90 degrees to the



optical -fiber coupler obtained in accordance with an ex&hipbRe: g, Be

12 of the present invention. Fig. 9 is a graphfsh : laced
characteristics of an optical-fiber cggpl er obtai ne(aj[i n H gt h an
exanple of the present invention. Fig. 10 is gra e PDL

characteristics of an optical-fiber coupler obtained in accordance with a
conpar at i ¥fasedagpbegated portion. Thereafter, the elongating was

further continued until the targeted optical coupling state
was achieved. The final elongation length was 35 mm.
The PDL characteristics of the thus-obtained optical-
5 fiber coupler were evaluated.
Fig. 7 shows a measuring system for measuring the PDL of
an optical-fiber coupler. This measuring system is composed
of a wavelength-variable laser diode light source 11,
polarization controller 12, an optical-fiber coupler 13, and
10 an optical power meter 14. After light from the power source
11 is adjusted to a predetermined polarization using the
polarization controller 14, the light is introduced into the
port Pl of the optical-fiber coupler 13, and the quantity of
the transmitted light which is released from the port P3 is
15 measured by the optical power meter 14. Then, the PDL is
obtained by finding the ratio of the ninimum value to the
maximum value of the transmitted light quantity obtained by
varying the polarization of light introduced in the optical-~
fiber coupler 13.
20 . Fig. 8 shows the PDL characteristics of an optical-fiber
~ coupler obtained in accordance with this example. As shown
in the figure, the maximum value of the PDL in the wavelength
range of 1.55 + 0.001 pm was 0.03 dB, which was extremely
low.
25 The reason why the PDL of the optical-fiber coupler did
not absolutely become zero in this example is believed to be

due to the 90 degree twist at the fused-elongated portion not



Fig. 11 is a perspective view showi ng an exanple of @ conventjon jaced

optical -fiber coupler. Fig. 12 is a view of the This8best s t line
CCof Fig 11. Fig. 13 is a vi of the cross sHEHH \' CeC
of the conventional optical-fiber coupl'er as shown in Htti¥ i ch
i ght of x polarization is introduced. Fig. 14 is a view of the cross
section atdiinge £f516y0h nphPeeaopyephs 083t 1 0Pt | &AlpTiheroLaupl er as shown in
Fig. 11, intgewhicgolight of y polar?gation(?gh?ﬁfgg uced. Fig. 15

s agr gpy@cgglcz\gri?% Pg%ﬁﬁégggegw-see&hﬁfﬂswifbwé:pemqt HHeSthagol 11 ght

between the clamps may be adjusted to be more than 90
degrees, so as to give a twist of exactly 90 degrees to the

5 o¢ptical coupling part, taking account of the amount of twist
imparted to parts other than the optical coupling part.

Furthermore, in order to efficiently manufacture an

optical fiber coupler of a lower PDL, it is preferable that
the relationship between the amount of twist of the clamps

10 and the PDL be known, prior to manufacturing of the optical-

fiber coupler.

ﬁxample 2
' In line with the manufacturing procesé of the above
15 second embodiment, a WDM {wavelength-division-multiplexing)
optical-fiber coupler for 1.48/1.55 ym waé manufactured.
That is to say, in a manner similar to the above Example
"1, first, two single-mode optical fibers were provided, and a
part of the coating layer of each of the optical fibers was
20 reﬁoved, then the optical fibers were placed in a
. manufacturing machine for an optical-fiber coupler, and the
exposed claddings were brought into contact with each other.
Subsequently, one of the clamps holding the ends of the
two optical fibers was rotated by 270 degrees with respect to
25 the other clamp. Furthermore, the twist was adjusted using a
plastic stick having a diameter of 1.5 mm with a smooth

surface so as to obtain a pitch of approximately 8 mm and to



conventional optical-fiber coupler. Fi gs. 16A, 16Bpisske Hh6BienReplaced

cross-sectional views of an optical coupling part which Hnmmm m“tm\ 180
E nwlli

degrees, into which light of x polarizgtion is introfluce

DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The presen
be further described in detail below Fig. 1 is a perspective view-shdwi ng
an position the twist at the center of the fused-elongated

portion.

After the above procedure, the central portion of the

twisted part was heated over a length of approximately 6 mm
5 so as to fuse the claddings with each other. Then, while

monitoring the quantities of the released light, elongation
was carried out until the targeted optical coupling state was
achieved. The final elongation length was 35 mm.

The results of measurement of PDL characteristics of the

10 thus-obtained optical-fiber coupler were found to be similar

to those of Example 1, that is, the maximum value of the PDL
in the wavelength range of 1.55 + 0.001 pm according to

Example 2 was 0.03 dB, which was extremely low.

15 Example 3
In line witﬁ the manufacturing proceés of the above
third embodiment, a WDM (wavelength—division—multiplexing)
-optical-fiber coupler for 1.48/1.55 pm was manufactured.
That is to say, in a manner similar to the above Example
20 l,.first, two single-mode optical fibers were provided, and a
. part of the coating layer of each of optical fibers was
removed, then the optical fibers were placed in a
manufacturing machine for an optical-fiber coupler, and the
exposed claddings were brought into contact with each other.
25 Subsequently, the approximate centers of the exposed
cladding portions were heated to fuse them together, and

while monitoring the quantities of the released light, the



enbodi-ment of an optical -fiber coupler according to the presenf“?ﬁVéﬁTTGﬁTﬂ—

In t.his enbodi nent, the optical-fiber coupler is formed by _di gposing t
si ngl e-node optical fibers 1 and 2 in 3parallel, and fus%ﬁg ‘-;.;ﬁhwff-
xt entiE e “i |

the optical fibers at one position in the |ongitudinal
optical fibers; the optical fiber coupler greatly differikng |{HEEE
convent i ohabtihygpendneltmgabitgiwdre cqrmediediti.n t he optical coupling part
3" of the fused-elongated portion 3 (to forma twisted part 4) so that
W th respect tohéhe wheecthommiical icwpdnimy Weard odr thegadghtto the
| ongi tudi nal direction of the optical

having the wavelength of 1.48 pm reached approximately 100%,

tﬁe center of the fused-elongated portion was cut into two
5 sections. Next, one of the clamps holding the ends of the
two optical fibers was rotated by 90 degrees with respect to
the other clamp so as to rotate one of the two sections of
optical fibers. Thereafter, the two sections of the optical
fibers were joined together at the cutting plane. The joined
10 part was heated to fuse the two sections together, and
further elongation was carried out until the targeted optical
coupling state was achieved. The final elongation length was
35 mm.
Fig. 9 shows PDL characteristics of an optical-fiber
15 coupler obtained in accordance with this example. As shown
in the figure, tﬁe maximum value of the PDL in the wavelength
range of 1.55 * 0.001 pym was 0.0l dB, which was extremely
low.
The reason why the PDL of the optical-fiber coupler did
20 noé absolutely become zero in this example was believed to be
~ that when one of the clamps holding the ends of the two
optical fibers was rotated by 90 degrees, there was an error
in the angle, and thus the twist at the fused-elongated
portion was not exactly 90 degrees.
25
Comparative Example 1

A WDM (wavelength-division-multiplexing) optical-fiber



coupling part 3 of the fused- elongat®d portion 3 nakes
approximately 90 degrees with the direction of the |

fibers 1 and 2, and linking the centers of the two optlcatrg gkgﬁ&gB nﬁmgm%1

the direction of such a line on the plane at one end m"

the other end of the optical coupling part 3 gs. 2 and 3 show
views of tdveipdless fosedt.ideins . a6 umpshsemamaﬂﬂcﬂmmm@txnnancﬁnﬁanﬁh tWiehopt 1 cal
coupling part 3 in the fused-elongated portion 3 of the optical-fiber

coupler shawmviemtBogallprbigss.2A and 3A are views of cross sections at
line AAA of Fig. 1. Figs. 2B and 3B are views of cross sections at |line
B-B of Fig. 1. That deordi saye axes maenéhesimilar to the above Example
1, first, two single-mode optical fibers were provided, and a
5 part of the coating layer of each of the optical fibers was
removed, then the optical fibers were placed in a
manufacturing machine for an optical-fiber coupler, and the
exposed claddings were brought into contact with each other.
Subsequently, the approximate centers of the exposed
10 c¢ladding portions were heated to fuse them together, and
while monitoring the quantities of the released light, the
heating and elongating were carried out until a targeted
‘optical coupling state was achieved. The final elongation
léngth was 35 mm.
15 Fig. 10 shows PDL characteristics of an optical~fiber
coupler obtaine& in accordance with this comparative example.
As shown in the figure, the maximum value of the PDL in the

-wavelength range of 1.55 * 0.001 pm was 0.09 dB, which was

high.



same as those in Fig. 12. Suppose |ight of a certainpotarization
enters the twisted part 4 through the port Pl at an entr.an BediReplaced
exampl e, Figs. 2A and 2B show a situatizm where pl ane- fhﬁﬁ@%ﬁggf ; *

14 pol ari zed light polarized in the direction of the Hl““ mu lll‘
enters. The x polarization of light at the upstream end of HllEiEKe ed
part 4 as Wowis rliiiged2Aschanges into y

1. An optical-fiber coupler formed by disposing two single-
mode optical fibers in parallel, and fusing and elongating

5 the optical fibers at one position in the longitudinal extent
of the optical fibers so as to form a fused-elongated portion
having an optical coupling part, the optical-fiber coupler
being characterized in that with respect to the direction of
a line on a plane orthogonally intersecting the longitudinal

10 direction of the optical fibers, said line linking the

centers of the two optical fibers, the direction of such a.
line on a plane at one end of the optical coupling part of
‘the fused-elongated portion makes an angle in the range of 90
+ 10 degrees with the direction of such a line on a plane at

15 the other end of the optical coupling part.

2. A_procéss for manufacturing an optical-fiber coupler by

. disposing two single-mode optical fibers in parallel, and
‘heating to fuse and elongate the optical fibers at one

20 poéition in the longitudinal extent of the optical fibers so

as to form a fused-elongated portion having an optical
coupling part, the process being characterized by comprising
the step of giving a twist of the optical fibers at the
optical coupling part of the fused-elongated portion in the

25 course of the heating step.

3. A process for manufacturing an optical-fiber coupler by
_—

OB

¢



pol ari.zation at the downstreamend of the twisted part -4_as .. _shown in
Fig. 2B. On the other hand, Figs. 3A and 3B show a S ITHISSHERT NAREL:N |
pl ane-pol ari zed light polarized in thezg direction of the y!ﬁxiscmmtersj
The y pol arization of |ight at the upstreamend of the twstéd part &
as shown in Fig. 3A changes into x polarization at the downstream end
of the dispbsisd pastsingbeshed® dptidal £Bers in parallled, andce in the
optical -fiber coupler of this enbodi ment, the optical fibers 1 and 2
are both hehsifgd by fuseappd oxismdety 2k dagriess &ivdie taw shed part 4,

l'i ght entering with x polarization changes into light of y 5

pol ari zat peBitast Lhgbheeldegitigdiimdlh extrolardz athiconpeiangesibers so

as to form a fused-elongated portion, the process being
5 characterized by comprising the step of imparting a twist to

the optical fibers before the heating step.

4. A process for manufacturing an optical-fiber coupler by
disposing two single-mode optical fibers in parallel, and

10 heating to fuse and elongate the optical fibers at one
position in the longitudinal extent of the optical fibers so
as to form a fused-elongated portion having an optical
coupling part, the process being characterized by comprising
the steps of cutting the optical coupling part of the fused-

15 elongated portion into two sections in the course of the
heating step, rofating one section around é central axis
perpendicular to the cutting plane, joining the two sections
together at the cutting plane, and further heating to fuse

and elongate the fused-elongated portion.

aced.

i
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into light of x polarization, after the |ight passes through t he

twi sféd part 4. Accordingly, light entering with x polarization-as—wek
as kight entering with y polarization 3gxperiences coupl i{ngHis SHERE ! tBEEH]
coupling part 3' under x- O polarization and y-polarizgti on BEPUAREDsane |
| evel s; as a result, the variation of the pol arizati on-dependent |oss
(PDL) can be reduced to anasstTracel orl 0UEl BYSCLOSURE Theoretically,
100% of light which is x polarized (or y pol ari zed) upon entering can
be changed into light of y 5 polarization (or x polarization) by using an
optical -fi ber coupler formed by twi sting both optical fibers 1 and 2 by

90 degr egsr RIATHFE BER! CORPLEQUANDNEANBFACBUR ING eprRbYE ST ERHE FOR

5 In an optical-fiber coupler formed by disposing two
single-mode optical fibers 1 and 2 in parallel, and fusing
and elongating the optical fibers at one position in the
longitudinal extent of the optical fibers 1 and 2, variation
of insertion loss dependent on the polarization can be

10 eliminated in its manufacturing by imparting a twist to the
optical coupling part 3' of the fused-elongated portion 3 so
that with respect to the direction of a line on a plane
6rtﬁogonally intersecting the longitudinal direction of the

. oéﬁical fibers 1 and 2, the line linking the centers of the

15 two optical fibexrs 1 and 2, the direction of the line on a
plane at one end.of the optical coupling pért 3' of the
fused-elongated portion 3 makes an angle of 90 degrees with
the direction of the line on a plane at:the other end of the

optical coupling part 3'.

\
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1503y J conpletely elimnated. Accordingly, since the vecto
expressing the polarization state of entering |ight can be expressed
as the sumof vectors of x and y polarization, it i sunmed that the
variation in the insertion | oss dependent 5 on the poljafH¥BaHEeR 8
entering light (PDL) can be reduced to al nost zero.
noted that although a tw st of approximtely 90 degr ees
the optical coupling part 3" according to

Flg. 1
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this enbodinent, the optical fibers 1 and 2 may be tw sted sever al

tinmes so that the direction of a line linking the centers of optical
fibers 1 and 2 at the upstream end of the optical coupling part 3
makes an angl e of approximtely 90 degrees with stream
end. That is to say, the optical coupling part

twsting the 15 optical fibers 1 and 2 by (2n+1)x9 ereininis
an i nt eger). In addition, although it is preferable t a
tw st have an angl es of exactly (2n+1)x90 degrees, a sufficient PDL

reduction effect can be obtai ned when the angle of the twist 20 is in the
range of (2n+1)x90 10 degrees.

FIG. 2A FIG. 2B
y
- Y
. -—x
1
X
Fig. 3A FIG. 3B
f |
X
X
—_—
This Sheet Ky
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According to this enbodi nent, PDL characteristics of a conventi onal

gptical -fi ber coupler fornmed by disposing two optical fibers 1 and 2
in pdarallel, and fusing and el ongati ng the optical fjbers at one
position in the longitudinal extent 25 of the optical fifgssug -
I nproved sinply by giving a twi st of 90 degrees to {he opidped v L
coupling part 3 in the fused-el ongated portion 3 o Lber
coupl er. 16

FIG. 4A !

la

CUTTING PLANE

FIG. 4B

-
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Accordi ngly, since such an optical-fiber coupler does not have a
conplicated structure and has a size nearly the sane as that of a

conventional type, a conventional protective case ar TBIShsrek rts
may be applied to this optical- 5 fiber coupler withdut nDQEﬁU nd
t hus the optical - fiber coupler is preferable in viewof

conpact ness. Mor eover, since.the tw sted part 4 in which the

opti cal fibers 1 and 2 are twisted together is in the fused-el ongated
portion 3, stress due to the twi st does not remain, and degradati on of
optical properties and reliability is rarely observed. In the

case where the angle of the twist at the tw sted

This Sheet Has Beep Replac

[
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part 4 is an even-nunbered nmultiple of 90 degrees (2nx90 degrees),
optical coupling of one of the polarization states, 5 the x or vy

pol ari zation, becones dom nant, and therefore the ef fect of inproving
PDL cannot be obtained. Figs. 16A, 16B, and 16C shows a situation where
the optical coupling part of an optical-fiber coupler is tmnsted by 180

degrees; wherein Fig. 16A is a cross-sectional Vi ey jaaos

end 3 of the optical coupling part; Fig. 16Bis a{ L Vi ew
showi ng the middle of the optical coupling part; and —==F —LSd a
cross-sectional view show ng the downstream end of the optlcal coupl ing
part. In these cross-sectional vi ews, the coordinate axes are the sane

as those in Fig. 12.

FIG. 6

s;,,_,.e -

Wiy



5 In addition, when plane-polarized light which is polarized in t he
direction of x axis enters, light which is x-polarized at the upstream
end of the coupling part once becones y-

17. polarized at the mddle of the optical coupling part, and then
returns to the x-polarization state at the downstrean f_the coupling
part. Thus, in the case where the optical coupling ﬁar’t’lslmmw}gts
approxinately 180 REPLACED

FIG. 7
1§ t? ;?
P '? P3
P2 P4
FIG. 8
0.2
s
= 0.1
O
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degrees, since light entering with x polarization experiences the
x--pol ari zation state nore than the y polarization state, while the |ight
passes. t hrough the optical coupling part, the x polarization is dom nant,
and an effect of reducing the wvariation of the polarizati on-dependent | oss
(PDL) can be obtained. An optical -fiber couplequﬁﬂgggggﬁgpgg et
can be manufactured, for exanple, in the follow ng nmapner REPLAQEﬁ\ Irgt
enbodi ment of a manufacturing process for an optical - fiter—cotupt-er
according to the present invention will be explained in the follow ng.
First, two single-node optical fibers 1 and 2 each of

-y

FIG. 9
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whi ¢h is covered with a plastic coating are provided, and then, a part of
the coating layer at a central portion of each of optical fibers 1 and 2,
preferably in the length of about 30 nm is renmpved so as to expose
optical -fi ber claddings la and 2a. Next, the two S fibers 1
and 2 are placed in the manufacturing nachine for an opti't '
in a manner such that the optical fibers 1 and 2 are a‘~---e@&mﬁc“
and that the exposed portions are next to each other. The man

machi ne for an optical -fiber coupler enployed in this process has’a sttage
with a driving

-4

Flg. 11

R
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18 ° device for stretching the optical fibers 1 and 2 in the
l,ongitudinal direction, and is preferably constructed so as to hold the
ends ‘of the exposed portions with clanps which are fixed to the stage.
5 ° Then, the claddings la and 2a of the two optical fibers are
attached to each other using an adhesive, strings, or t'hesis syektrkas mient he
ends of each portion where the coating |ayer is renoved, Rsm.A@EDt O
mai ntai n contact between the surfaces of

FIG. 12
Y
X
Fig. 13
ENTERING LIGHT ~ COUPLING LIGHT
FIG. 14

This Sheet Has Been Replaced
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the ‘cl addi ngs la and 2a of the two optical-fibers at the portions where

t.he coating | ayers are renoved. In this condition, the part where
t he claddings Ia and 2a are in contact with each other (preferably the
central portions thereof) is heated so as to fuse the claddings |a

and 2a with each other; then, the heating is further 5 continued, while
the fused portion 3 is elongated by stretching the fused portion 3 in
t he | ongi tudi nal direction. For this heating,| au@agBHTIIEF—~&an

el ectric heater should preferably be used as ja heakmﬁﬁ, :

Then, by rotating one of the clanps hol di ng the end¥ of—%: le. two optica
fibers 1 and 2 by approximately 90 degrees

FIG. 15

100

T
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/X POLARIZATION
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with respect to the other clanp in the course of the fusing- el ongati ng

step, a twist of 90 degrees is given to the optical coupling part 3' of
t he fused-el ongated portion 3. In addition, the fusing-el ongating
step i's carried out 5 while measuring the quantity of |ight released from
each rel easing end, and conpl eted when a desired | evel of optical
coupling is achieved. After this step, the fused- el prgastee-——

19 portion 3 is housed in a protective case in oF%@ﬁgggﬂggggaEgN'

FIG. 16A

FIG. 16B :
A
-~ y
-v—o--B
!
X
FIG. 16C
A
X

ot Has Been Replaced

[T

This

il




environnental resistance, whereby an optical -fiber coupliﬁ@kﬁCﬂMﬁﬁfﬁﬁEﬁf
Aﬁcordhggdto t he manuf acturing process of an optical - eT " Ccouprer
this enbodi nment, the PDL of an optical-fiber coupl erjcan d
sinply by giving a twist to the optical coupling part 3'0§fN?ﬁ§9%e
fused-el ongated portion 3 in the course of the fusing-elongati-ng-step.
Accordingly, the operations are sinple, and furthermpre, since the '
manuf acturi ng machine to be enployed is nerely required teo-be proviae'

I, U B LRI e i MISRRERRRINE, procBd) KiBabe”
manuf acturi ng machi ne can al so be
BACKGROUND OF THE INVENTION
1. FIELD OF THE INVENTION
5 The present invention relates to a fused-elongated-type
optical-fiber coupler formed by fusing and elongating single-
mode optical fibers; in particular, the present invention
relates to an optical-fiber coupler by which dependence on
polarization can be improved, and relates to a process for

0 manufacturing such an optical-fiber coupler.

2. BACKGROUND ART
In the fields of optical communication, optical
instruments, optical-fiber sensors, and the like, fused-

5 elongated-type opticél-fiber couplers (hereinafter simply
referred to as "optical-fiber couplers”) formed by fusing and
elongating single-mode optical fibers have been employed for
the purpose of makiﬁg optical signals which are transmitted

- in an optical fiber diverge or merge.

0 Fig. 11 is a perspective view showing an example of a
conventional opticél—fiber coupler. In the figure, reference
numerals 1 and 2 indicate optical fibers, reference numerals
la and 2a indicate claddings, and reference numeral 3
indicates a fused-elongated portion. In addition, each of

'5 reference numerals Pl, P2, P3, and P4 indicates a port.

An optical-fiber coupler of this type is usually

manufactured in the following manner.



readily introduced into an existing production |ine at:
Mor eover, since the production tine is alnost the sane
conventional process, the process of the first enbo

vi ew of efficiency. In addition, since the tws
course of the fusing-elongating step, othe thus-twi sted ip

additionally heated after the formation of the tw st. . Y,
distortion due to twi sting can be elim nated, and an_optical-fiber
coupl er havi ngrias! et saRlg1eahode oﬁb%éﬁt ﬁbékgCéaa@Qmeéh Ced
reliability can be obtai ned. hough a twist 1s given to the

I Eze?ugl ﬁ%@@éf&ﬁ REH AN plastic EOEIEQnQOHEvEepPBvHSSdf UghddeebRNORTA LG St ep,

' of the coating layer at a central portion of each of optical
fibers 1 and 2 is removed so as to expose optical-fiber

» claddings la and 2a. Then, the two optical fibers 1 and 2
are placed in a manufacturing machine for an optical-fiber
coupler in a manner such that the optical fibers 1 and 2 are
arranged in parallel and that the exposed portions are next
to each other. The manufacturing machine for an optical-
fiber coupler employed in this process has a stage with a
driving device for stretching the optical fibers 1 and 2 in
the longitudinal direction. The two optical fibers are
attached using an adhesive, strings, or the like, at the ends
of each portion where the.coating layer is removed, so as to

5 maintain contact between the surfaces of the claddings la and
2a of the two optical-fibers at the portions where the
coating -layers are removed. In this condition, a central

portion of the part where the claddings la and 2a are in

’

contact with each other is heated using a gas burner or an

}  electric heater so as to fuse the claddings la and 2a with
each other. The heating is further continued, while the
fused portion 3 of the two optical fibers is elongated by
stretching the fused portion 3 in the longitudinal direction.
The further the elongation proceeds in this manner, the

> higher the level of optical coupling at the fused-elongated

portion 3. That is to say, when light enters through one of

the two ports Pl or P2 which is at one end of the optical



el ongating step may be carried out after the optical flbeﬁﬁﬁﬁbgjﬂﬁk“‘gﬂﬁﬁp

tw st ed. 20 Grrd
enbodi ment of a manuf act uri ng process for an opti cal - f@b“r
according to the present invention wl| be expl ai ned in rhg%fggye&?%g

Flrst in a manner simlar to the abové first enbodiment,
optical fibers 1 and 2 each of

fiber 1 or 2, a certain percentage of the lighthggﬁgps into

the other optical fiber due to the optical coupling at the

fused-elongated portion 3, whereby both of the optical fibers

1 and 2 become capable of releasing lights through the ports
,  P3 and P4, which are at the other ends of the optical fibers
1 and 2. Accordingly, the elongation is carried out while
measuring the quantity of light released from each releasing
end, and completed when a desired level of optical coupling
is obtained. After the elongation, the fused-elongated
portion 3 is housed in a protective case in order to ensure
the environmental resistance, whereby an optical-fiber
coupler is obtained.

An optical-fiber coupler manufactured by fusing and
elongating two optical fibers in such a manner allows optical
5 coupling at the fused-elongated portion 3; the optical

coupling enabling divergence and mergence of light, which are
the functions of the optical-fiber coupler.
However, in communication systems using lasers as light

sources, it has recently become a problem that a level of

./

) optical coupling of an optical-fiber coupler depends on the
state of polarization of the entering light. That is to say,
there has been a problem in that when light enters through
the port Pl at an entrance end, and is released from the port
P3 or P4 at a releasing end, the insertion loss of the

coupler varies depending on the polarization of the entering

w

light. 1In particular, in a system where a plurality of

optical-fiber couplers are used in many stages, the insertion



which is covered with a plastic coating are provided, -and ﬁE@hﬁQﬂhﬁﬂWﬁ§5§ET

of the coating layer at a central portion of each of the dgp I 'DErs

1 and 2 is renoved so as to expose optical -fiber claddi ngg Iam@@p‘{ggy
Next, the two optical fibers 1 and 2 are placed in a nmanuflaqt ur rng.

machi ne for an optical -fiber coupler ing a manner such that} thae—epi-ea

fibers 1 and 2 are arranged in parall el and that the expoéed portlons N
are next to each ot her. As the nmanufacturing machine for arm™ * =
opti cal - fidmesy vardwilien depenslenit| an thet balavsedtion tdecwahdseos€,r st - - Sl
enbodi ment is preferably used. Then, by rotating one of the cl anps

hol di ng twiei@ndsayfcause even larger problem. Such a variation of
insertion loss dependent on the polarization is called
"polarization-dependent loss" or "PDL".
With an optical-fiber coupler manufactured by a
conventional process as described above, PDL has been
inevitable for the following reasons.
Fig. 12 is a view of a cross section at line C-C through
the optical coupling part of the fused-elongated portion 3 in
the optical-fiber coupler shown in Fig. 11. The origin of
the coordinate axes in this cross-sectional view is the
center of the optical fiber 1, which is one of the two
optical fibers 1 and 2 constituting the optical-fiber
coupler; the z-axis extends in the longitudinal direction of
» the optical fiber 1; and on a plane vertical to thé z—-axis,
the x-axis extends in the direction of the line linking the
centers of the two optical fibers 1 and 2, and the y-axis
extends in the direction perpendicular to the x-axis.

‘; Now, suppose light of a certain polarized state enters

}  the optical coupling part through the port Pl. For example,
Fig. 13 shows a situation where_plane—polarized light which
is polarized in the direction of the x-axis enters, while
Fig. 14 shows a situation where plane-polarized light which
is polarized in the direction of the y-axis enters. In these

> figures, the arrows indicate the directions of polarization
of the entering light and the coupling light in the adjacent

optical fiber which couples with the entering light. In the



the two optical fibers 1 and 2 for several turns with resp et-her
clanp, the surfaces of the claddings |la and 2a of the two S&ﬁiﬁ&ﬁﬂ&g HEET
and 2 are brought into contact wi th each other. Thereafitdr, 1n order

that the portion where the optical fibers 1 and 2 are tmns ?@per
will forman optical coupling part Baving a tw st of 90 egrees a

fusing and el ongating, the pitch and the position of the 5 thpSdetrfo@me

adj usted using a tool having a snooth surface, such a plastic stick,
whi ch wi | |oRfekCadarfaye ting mlrftacééeof:OFﬁeC1addé1‘—9d§11ﬁ‘g§t’é¥éW'
fibers. e - S et

asymmetric; therefore, the degeneracy of the x-polarization
mode and the y-polarization mode is lifted, and a difference
in propagation constants arises; as a result, a difference in

5 wavelengths at which the optical coupling becomes
maximum/minimum arises, and PDL occurs. As a result, the
coupling ratios of light released from the optical-£fiber
coupler vary depending on the polarization of the entering
light, for example, depending on whether the entering light

* 1s polarized in the x direction or the y direction, as shown
in Fig. 15. Accordingly, the coupler's insertion loss
between the port Pl and the port P3 or between the port Pl
and the port P4 varies depending on the polarization of the
entering light, and PDL occurs.

5 Here, the coupling ratio, for example, when light enters
through the pott Pl, the quantity of light released from the
port P3 is p3, and the quantity of light released from the
port P4 is p4, is given by the following formula:

Coupling ratio (%) = {p4 / (p3 + pd4)} x 100
20
SUMMARY OF THE INVENTION
The object of the present invention is to provide an
optical-fiber coupler formed by fusing and elongating single-
mode optical fibers, with which variation of insertion loss

25 dependent on the polarization (polarization-dependent loss;

PDL} can be eliminated, and to provide a process for

manufacturing such an optical-fiber coupler.



21 Subsequently, by heating a portion of the tw st RA & N ORI
formed as above, the claddings la and 2a are fused togetherggﬁﬁggtgyﬁ@ﬁjSHEET
portion; then, while continuing heating, the fused portiani3 is _

el ongated by stretching the portion in the | ongi tudi nal di fe€td SRV BBbr
this heating, a gas burner or an el gctric heater should fgre¢ferably be

used as a heat source. I n addi tion, the fusing-elongatimg StEP 15
carried out whil e measuring the quantity of light releasqd fromeach .. ...

rel easing end, rangkdde &) QRUAldveN the GBBRLELBYeWRCNaar St ! £6bect of

the present invention is an optical-fiber coupler formed by
disposing two single-mode optical fibers in parallel, and
fusing and elongating the optical fibers at one position in
the longitudinal extent of the optical fibers so as to form a
fused-elongated portion having an optical coupling part, the
optical-fiber coupler being characterized in that with
respect to the direction of a line on a plane orthogonally
intersecting the longitudinal direction of the optical
fibers, the line linking the centers of the two optical
fibers, the direction of such a line on a plane at one end of
the optical coupling part of the fused-elongated portion
makes an angle in the range of 90 * 10 degrees with the
direction of such a line on a plane at the other end of the
optical coupling part.

Cwing to the above constitution of the optical-fiber
coupler according to the first aspect of the present
invention, the PDL characteristics of a conventional optical-
fiber coupler can be improved by a relatively simple
technique in which with respect to the direction of a line on
a plane orthogonally intersecting the longitudinal direction
of the optical fibers, the line linking the centers of the
two optical fibers, the direction of such a line on a plane
at one end of the optical coupling part of the fused-
eloﬁgated portion makes an angle in the range ¢f 90 % 10
degrees with the direction of such a line on a plane at the

other end of the optical coupling part. Moreover, since such




| evel of optical coupling is achieved. After this step, the [Bust i Iorrs Bibomn
f used-el ongated portion 3 is housed in a protective cgse in Rgﬁh&ﬁﬁkﬁﬁﬂlgﬁﬁﬁr
ensure environnental resistance, whereby an optical- fibel goupler is
obt ai ned. According to the manufacturing process of #njoBtd NEV-Wys
fiber coupler in this enbodi nent, the PDL of the optical- i fiber coupler
can be reduced sinply by giving a twist to the two optical TTBEFS T and
2 before the fusing-elongating step. Accordingly, the opetations are -
si npl e, amdobtithérfbber csupter tdeesramif detus iangompdhiicagedo, be enpl oyed is
merely required to be provided with a mechanismfor rotating one of

t he cl anpt ructadei thdnhte a sbnwemtéawial thmmdmectay ithgt of a

conventional type, the optical-fiber coupler is preferable in

view of cost and compactness.

A second aspect of the present invention is a process
for manufacturing an optical-fiber coupler by disposing two
single-mode optical fibers in parallel, and heating to fuse
and elongate the optical fibers at'one position in the
longitudinal extent of the optical fibers so as to form a
fused-elongated portion having an optical coupling part, the
process being characterized by comprising the step of giving
a twist of the optical fibers at the optical coupling part of
the fused-elongated portion in the course of the heating
step.

Owing to the above constitution of the process for
manufacturing an optical-fiber coupler according to the
second aspect of the present invention, the PDL of an
optical-fiber coupler can be improved simply by imparting a
twist to the fused-elongated portion in the course of the
fusing-elongating step. Accordingly, the operations are
simple, and furthermore, since the manufacturing machine to
be employed is merely required to be provided with a
mechanism for twisting the fuse-elongated portion in addition
to a conventional manufacturing machine for an optical-fiber
coupler, the manufacturing machine can also be readily

introduced into an existing production line at a low cost.




machi ne for an optical -fiber coupler, the manufacturing Gy I

be readily introduced into an existing production |line at‘“ffﬁ‘ Eﬁﬁ%ﬁ?SHEET
Mor eover, since the production tinme is alnost the sane as t haf

convent i onal process, the process of the second embodi nen s@ﬁ%ﬁﬂﬁfw?%
vi ew of efficiency. 8 22 LN
addition, since the twist is added before the fusing- ! '

Moreover, since the production time is almost the sa@e as
that of a conventional process, the process of the second
aspect is useful in view of efficiency.

In addition, since the twist is added in the course of

the fusing-elongating step, the thus-twisted part is

Rt

additionally heated after the formation of the twist.
Accordingly, distortion due to twisting can be eliminated,
and an optical-fiber coupler having excellent optical

characteristics and mechanical reliability can be obtained.

A third aspect of the present invention is a process for
manufacturing an optical-fiber coupler by disposing two
single-mode optical fibers in parallel, and heating to fuse
and elongate the optical fibers at one position in the

5 longitudinal extent of the optical fibers so as to form a
fused-elongated portion, the process being characterized by
comprising the step of imparting a twist to the opéical
fibers before the heating step.

- Owing to the above constitution of the process for

0 manufacturing an optical-fiber coupler according to the third
aspect of the present inventioﬁ, the PDL of an optical-fiber
coupler can be improved simply by imparting a twist to'the
two optical fibers before the fusing-elongating step.
Accordingly, the operations are simple, and furthermore,

5 since the manufacturing machine to be employed is merely
required to be provided with a mechanism for twisting the

fuse-elongated portion in addition to a conventional




elongating step, the thus-twi sted part 4 is heated after the e
twi sting can p&a X

of the twist. Accordingly, distortion due to

Aol

ACTMRNT SHEET

el im nated, and an optical -fiber coupler havi ng excel | ent i cal
characteristics and nechani cal reliability can be obtai nedj 03 WOV Ty
optical -fiber coupler as shown in Fig. 91 can al so be manuf actured as

fol | ows. A third enbodi rent of a manufacturing proces$ T6F an

optical -fiber coupler according to the present invention will | be EE

expl ai nedramufdrt ymidowiarhine for an EpgscaAAfahdr4EbspheenttméIy ShOM/the e
steps of a manuf acturi ng process of an optical-fiber couﬁrer accordi ng
manufacturing machine can also be readily introduced into an

existing production line at a low cost.

Moreover, since the

production time is almost the same as that of a conventional

»  process, the process of the third aspect is useful in view of

efficiency.

In addition, since the twist is added before the fusing-

elongating step, the thus-twisted part is heated after the

formation of the twist. Accordingly, distortion due to

twisting can be eliminated, and an optical-fiber coupler

having excellent optical characteristics and mechanical

reliability can be obtained.

A fourth aspect of the present invention is a process

> for manufacturing an optical-fiber coupler by disposing two

single-mode optical fibers in parallel,

and heating to fuse

and elongate the optical fibers at one position in the

longitudinal extent of the optical fibers so as to form a

fused-elongated portion having an optical coupling part, the

}  process being characterized by comprising the steps of

cutting the optical coupling part of the fused-elongated

portion into two sections in the course ¢f the heating step,

rotating one section around a central axis perpendicular to

the cutting plane, joining the two sections together at the

fused-elongated portion.

Owing to the above constitution of the process for

5 cutting plane, and further heating to fuse and elongate the



to this enbodinent. 5 First, in a manner simlar topihe—ahoye~fi
enbodi nent, two single-node optical fibers 1 and 2 each of I
covered with a plastic coating are provided, and t hen,
coating layer at a central portion of each of opti cal
renoved so as to expose O optical-filke claddings la and
Next, the two optical fibers 1 and 2 are placed in a n GttH -
machi ne for an optical -fiber coupler in a manner such ghat the optical
fibers 1pmnhfacaueiagr angegtioal-£filper atdwhleandddoe dbugo sodtperti-onsar e
next to each other. As 5 the manufacturing machine for an optical-fiber
coupl er, fo@th aspect of the present invention, the PDL of an

optical-fiber coupler can be improved simply by cutting the
optical coupling part of the fused-elongated portion into two
;  sections, rotating one section around a central axis
perpendicular to the cutting plane, and joining the two
sections together at the cutting plane, in the course of the
fusing-elongating step. Accordingly, the operations are
simple, and furthermore, since the manufacturing machine to
T‘ be employed is merely required to be provided with a cutting
means and a mechanism for rotating the optical fibers in
addition to a conventional manufacturing machine for an
optical-fiber coupler, the manufacturing machine can alsoc be
readily introduced into an existing production line at a low
>  cost.

In addition, since the cutting and joining steps are
carried out in the course of the fusing-elongating step, the
thus-joined part is additionally heated after the joining

) step. Accordingly, a stepped structure due to the joining
) can be eliminated, and an optical-fiber coupler having
excellent optical characteristics and mechanical reliability

can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS
5> Fig. 1 is a perspective view showing an embodiment of an
optical-fiber coupler according to the present invention.

Fig. 2A is a view of the cross section at line A-A of




simlar to that used in the above first embodiment is - ﬁ?ﬁgﬁg@@%ﬁN@ﬁﬁﬁ%ﬁ

23 Then, the claddings |a and 2a of the two optical | - gr-e _
attached to each other using an adhesive, strings, or the Iik@r %b t@e

ends of each portion where the coating layer is renoved, go0ija :3' ﬁa Af ailn
contact between the surfaces of 1 - '

optical -fibers at the
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the optical-fiber
of x polarization
Fig. 2B is a
the optical-fiber
of x polarization
Fig. 3A is a
the optical~fiber
of y polarization
Fig. 3B is a
the optical—fibef
of y polarization
Figs. 4A and

showing the steps

t he clatdi ngs la and 2a oq L

coupler shown in Fig. 1, into which lighf
is introduced.

view of the cross section at line B-B of

coupler shown in Fig. 1, into which light
is introduced.

view of the cross section at line A-A of

coupler shown in Fig. 1, into which light
is introduced.

view of the cross section at line B-B of

coupler shown in Fig. 1, into which light
is introduced.

4B are perspective views sequentially

of a third embodiment of a manufacturing

process of an optical-fiber coupler according to the present

invention.
Figs. 5A and

showing the steps

5B are perspective views sequentially

of a fourth embodiment of a manufacturing

process of an optical-fiber coupler according to the present

invention.

Fig. 6 is a perspective view showing an optical-fiber

coupler obtained by the fourth embodiment of the present

invention.

Fig. 7 1s a schematic compositional view showing a

measuring system for measuring the PDL of an optical-fiber

coupler.

Fig. 8 is a graph showing the PDL characteristics of an

optical-fiber coupler obtained in accordance with an example




portions where the coating | ayers are renoved. In this condition, the
part where the claddings la and 2a are in contact wth eaeh—ether
(preferably the central portions thereof) is heated so dREPLACEMENThSHEET
claddings la and 2a with each other; then, the heating ijs {furtter 1
continued, while the fused portion 3 i elongated by stretic ;ﬂ gmtvh@}} d
portion 3 in the longitudinal direction. For this heating, ﬁ S burn
an electric heater should preferably be used as a heat goice

as shown afh tiegy.présentn inkentdvnse of this fusing- elongating step,
preferably when optical coupling is created, the fused-
IS cut into tvicge® iiena atrabheshowing the PDL characteristics of an

us
er
T

optical-fiber coupler obtained in accordance with an example

of the present invention.

Fig. 10 is a graph showing the PDL characteristics of an
optical-fiber coupler obtained in accordance with a
comparative example.

Fig. 11 is a perspective view showing an example of a
conventional optical-fiber coupler.

Fig. 12 is a view of the cross section at line C-C of
Fig. 11.

Fig. 13 is a view of the cross section at line C-C of
the conventional optical-fiber coupler as shown in Fig. 11,
into which light of x polarization is introduced.

) Fig. 14 is a view of the cross section at line C-C of
the conventional optical-fiber coupler as shown in Fig. 11,
into which light of y polarization is introduced.

Fig. 15 is a graph showing the wavelength-coupling ratio
characteristics of light of x and y polarization.using a

)}  conventilonal optical-fiber coupler.

Figs. 16A, 16B, and 16C are cross—sectional views of an
optical coupling part which is twisted by 180 degrees, into

which light of x polarization is introduced.

3 DESCRIPTION OF THE PREFERRED EMBCODIMENTS
The present invention will be further described in

detalil below. Fig. 1 is a perspective view showing an



central position thereof. Subsequent |y, one section is pqotateg-hy-9o0:
degrees around a central axis perpendicular to the cutting p)ﬁﬁﬁiAﬁﬁhﬁﬁﬁgéﬁﬁﬁT
in Fig. 4B (for exanple, by rotating one of the clanps holding the ends of
the two optical fibers 1 and 2 by 90 degrees with respect tojthe;gtiigy tvy/
clanp); thereafter, the two sectionsldre joined together at fhe cutting

pl ane (joined part 5); and the heating for fusing and el onga} i ®g-—+s

further carried out. In addition, the fusing-el ongati step is
carri ed émbodiment of an optical-fiber coupler acco%ding %o th P

present invention.

In this embbdiment, the optical-fiber coupler is formed
by disposing two single-mode optical fibers 1 and 2 in
parallel, and fusing and elongating the optical fibers at one
position in the longitudinal extent of the optical fibers;
the optical fiber coupler greatly differing from conventional
type in that a twist is provided in the optical coupling part
3*' of the fused-elongated portion 3 (to form a twisted part
4) so that with respect to the direction of a line on a plane
orthogonal to the longitudinal direction of the optical
fibers 1 and 2, and linking the centers of the two optical
fibers 1 and 2, the direction of such a line on the plane at
one end of the optical coupling part 3' of the fused-
elongated portion 3 makes an angle of approximately 90
degrees with the direction of the line on the plane at the
other end of the optical coupling part 3°'.

Figs. 2 and 3 show views of the cross sections at
upstream and downstream ends of the optical coupling part 3!

1 in the fused-elongated portion 3 of the optical-fiber coupler
shown in Fig. 1. Figs. ZA and 3A are views of cross sections
at line A-A of Fig. 1. Figs. 2B and 3B are views of cross
sections at line B-B of Fig. 1. The coordinate axes are the
same as those in Fig. 12.

3 Suppose light of a certain polarization enters the
twisted part 4 through the port Pl at an entrance end. For

exanple, Figs. 2A and 2B show a situation where plane-



24  while neasuring the quantity of light released fromea Lg ' SHEET
end, and the elongation is conpleted when a desired |evel 4Rt

coupling is achieved. After this step, the fused-elongatedipdrtigon g :
housed in a protective case in order to ensure environnentadl r b @%?

wher eby an optical- fiber coupler is bftained. Accordijng to the

manuf acturing process of an optical- fiber coupler in this odi nent, the
, 0t . Iy th

P O o PSRiEERa B SR eL R BB SUVSSEiShTBEY cRY Silkhpo-the

enters. The x polarization of light at the upstream end of
the twisted part 4 as shown in Fig. 2A changes into y
polarization at the downstream end of the twisted part 4 as

v shown in Fig. 2B. On the other hand, Figs. 3A and 3B show a
situation where plane-polarized light polarized in the
direction of the y—axis enters. The y polarization of light
at the upstream end of the twisted part 4 as shown in Fig. 3A
changes into x polarization at the downstream end of the
twisted part 4 as shown in Fig. 3B.

Thus, since in the optical-fiber coupler of this
embodiment, the optical fibers 1 and 2 are both twisted by
approximately 90 degrees at the twisted part 4, light
entering with x polarization changes into light of y

5 polarization, and light entering with y polarization changes
into light of x polarization, after the light passes through
the twisted part 4. Accordingly, light entering with x
polarization as well as light entering with y polarization

- experiences coupling in the optical coupling part 3' under x-

0 polarization and y-polarization at the same levels; as a
result, the variation of the polarization-dependent loss
{PDL) can be reduced to an extremely low level.

Theoretically, 100% of light which is x polarized (or y
pélarized) upon entering can be changed into light of y

5 polarization (or x polarization) by using an optical-fiber
coupler formed by twisting both optical fibers 1 and 2 by 90

degrees at the optical coupling part 3', whereby PDL can be



portion 3 into two sections, rotating one section, and join
sections together, in the course of the fusing-elongating SE@?LA@EN&%@TSHEET

Accordingly, the operations are sinple, and furthernore, sijnde the
manuf acturing nmachine to be enployed is nerely required to ibg grdWDeHY/
with a cutting nmeans and a nechani smfb?¥ rotating one of tHeiclanps in
addition to a conventional manufacturing machine for an optlical-Tiber

coupl er,

h ] : : : : :
coupl e e TBANRGH 1 1A%, TRED 1558085 D% LS2dLY, Lot doduced Lol an
cutting and cg%%;g Z%ﬁgf3§{§iié§¥¥8ne%tg%é 5? é&%@f&ﬂﬂ’§§gﬁE EQS be

fusing-el on
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expressed as the sum of vectors of x and y polarization, it
is assumed that the variation in the insertion loss dependent
on the polarization of entering light (PDL} can be reduced to
almost zero.

It is noted that although a twist of approximately 90
degrees is given to the optical coupling part 3' according to
this embodiment, the optical fibers 1 and 2 may be twisted
several times so that the direction of a line linking the
centers of optical fibers 1 and 2 at the upstream end of the
optical coupling part 3' makes an angle of approximately 90
degrees with that at the downstream end. That is to say, the
optical coupling part 3' may be formed by twisting the
optical fibers 1 and 2 by (2n+1)x90 degrees {(wherein n is an
integer).

In addition, although it is preferable that a twist have
an angles of exactly (2n+1)}x90 degrees, a sufficient PDL
reduction effect can be obtained when the angle of the twist
is in the range of (2n+l1)x90 * 10 degrees.

According to this embodiment, PDL characteristics of a
conventional optical-fiber coupler formed by disposing two
optical fibers 1 and 2 in parallel, and fusing and elongating
the optical fibers at one position in the longitudinal extent
of the optical fibers can be improved simply by giving a
twist of 90 degrees to the optical coupling part 3' in the

fused-elongated portion 3 of the optical-fiber coupler.



thus-joined part 5 is additionally heated after the joini
Accordingly, a stepped structure due to the joining can b

RLAGEMENI SH

an optical -fiber coupler having excellent optical charactleristics and
mechanical reliability can be obtained. A process ds i Q&MY 99/
enbodi nent, in which a twsted part 16

25 4 is formed by cutting the fused-el ongated porti on n

Accordingly, since such an optical-fiber coupler d ot
have a complicated structure and has a size nearly the same
as that of a conventional type, a conventional protective
case or other related parts may be applied to this optical-

;  fiber coupler without modification, and thus the optical-
fiber coupler is preferable in view of cost and compactness.

Moreover, since the twisted part 4 in which the optical
fibers 1 and 2 are twisted together is in the fused-elongated
portion 3, stress due to the twist does not remain, and
degradation of optical properties and reliability is rarely

observed.

In the case where the angle of the twist at the twisted
part 4 is an even-numbered multiple of 90 degrees {2nx90

degrees), optical coupling of one of the polarization states,

5 the x or y polarization, becomes dominant, and therefore the
effect of improving PDL cannot be obtained. Figs. 16A, 16B,
and 16C shows a situation where the optical coupling part of
an optical-fiber coupler is twisted by 180 degrees; wherein
Fig. 16A is a cross-sectional view showing the upstream end

3 of the optical coupling part:; Fig. 16B is a cross-sectional
view showing the middle of the optical coupling part; and
Fig. 16C is a cross-sectional view showing the downstream end
of the optical coupling part. In these cross-sectional
views, the coordinate axes are fhe same as those in Fig. 12.

5 In addition, when plane-polarized light which is polarized in
the direction of x axis enters, light which is x-polarized at

the upstream end of the coupling part once becomes y-



reduce PDL nore greatly than a process in which the fused-{;

portion is sinply tw sted. Mor eover, the above fi{isg

enbodi nents describe 5 manufacturing processes for an opt cal %ﬁﬁ

coupl er having a structure in which the direction of ajl 6%9&? Ks
t he centers of the two optical fibgrs 1 and 2 at one egd of t he

optical -fiber coupler covered with a coating |ayer nmakes a angl e of
approximately 90 degrees with the direction of a | i ne at_the.otherepes=
however, gulafitdechlat! ither mdddpeebfothe optheapreseplingveattorand 1 - . - =
function as | ong as the direction of a line which 1ifR& Yhe centers of

the two offdricaletfid®®r ol the x2pdl3r@tabhénestané dberipptdoalstaiy i ng part,
makes an angl e

end of the coupling part. Thus, in the case where the

optical coupling part is twisted by approximately 180

degrees, since light entering with x polarization experiences

the x-polarization state more than the y polarization state,

while the light passes through the optical coupling part, the

x polarization is dominant, and an effect of reducing the

variation of the polarization-dependent loss (PDL) can be

obtained.

An optical-fiber coupler of this embodiment can be
manufactured, for example, in the following manner.

A first embodiment of a manufacturing process for an
optical-fiber coupler according to the present invention will
be explained in the following.

First, two single-mode optical fibers 1 and 2 each of
which is covered with a plastic coating are provided, and
then, a part of the coating layer at a central portion of
each of optical fibers 1 and 2, preferably in the length of
about 30 mm, is removed so as to expose optical-fiber
claddings la and 2a.

Next, the two optical fibers 1 and 2 are placed in the
manufacturing machine for an optical-fiber coupler in a
manner such that the optical fibers 1 and 2 are arranged in
parallel and that the exposed portions are next to each

other. The manufacturing machine for an optical-fiber

coupler employed in this process has a stage with a driving



of approximately 90 degrees with the direction of a line at
end of the optical coupling part; therefore, the opti cal
may be of a structure in which the direction of a line
centers of the two optical fibers 1 and 2 at one end of e
optical -fiber coupler covered with a rt®ating layer is i dent i cal CrbNPNe9y/

direction of a line at the other end. Such an optical-fi ber i.coupler can
be manufactured in the foll ow ng manner. A fourth epbodi nent o
manuf act udéwvicerbmess: fafrctdmg theoppitdéablf Ebbersolphed actwritisg.tia.the
present invention wl| be explained in the following. 5 Figs. SA

and 5B sehowat tadiyals hbirddte ost,epadofisapreferably constructed so as
to hold the ends of the exposed portions with clamps which
are fixed to the stage.

3 Then, the claddings la and 2a of the two optical fibers
are attached to each other using an adhesive, strings, or the
like, at the ends of each portion where the coating layer is
removed, so as to maintain contact between the surfaces of
the claddings la and 2a of the two optical-fibers at the
portions where the coating layers are removed.

In this condition, the part where the claddings la and
2a are in contact with each other (preferably the central
portions thereof) is heated so as to fuse the claddings la
and 2a with each other; then, the heating is further

5 continued, while the fused portion 3 is elongated by
stretching the fused portion 3 in the longitudinal direction.
For this heating, a gas burner or an electric heater should
preferably be used as a heat source.

; Then, by rotating one of the clamps holding the ends of

0 the two optical fibers 1 and 2 by approximately 90 degrees
with respect to the other clamp in the course of the fusing-
elongating step, a twist of 90 degrees is given to the
optical coupling part 3' of the fused-elongated portion 3.

In addition, the fusing-elongating step is carried out

5 while measuring the quantity of light released from each
releasing end, and completed when a desired level of optical

coupling is achieved. After this step, the fused-elongated



manuf act uri ng process of an optical-fiber coupler accordin
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a manner simlar to the above first enbodi ment, two sing§l e-node opti
fibers 1 and 2 each of which is covered with a plasti¢ ¢ogati NOVelbe/
provi ded, and then, a part of the X®ating |layer at a d¢entral portion

al

5 each of the optical fibers 1 and 2 is renoved so as to gxpese

N’

portion 3 is housed in a protective case in order ensSure
environmental resistance, whereby an optical-fiber coupler is
obtained.

According to the manufacturing process of an optical-
fiber coupler in this embodiment, the PDL of an optical-fiber
coupler can be reduced simply by giving a twist to the
optical coupling part 3' of the fused-elongated portion 3 in
the course of the fusing-elongating step. Accordingly, the
operations are simple, and furthermore, since the
manufacturing machine to be employed is merely required to be
provided with a mechanism for rotating one of the clamps in
addition to a conventional manufacturing machine for an
optical-fiber coupler, the manufacturing machine can also be
readily introduced into an existing production line at a low
cost. Moreover, since the production time is almost the same
as that of a conventional process, the process of the first
enmbodiment is useful in.view of efficiency.

In addition, since the twist is added in the course of
the fusing-elongating step, the thus-twisted part 4 is
additionally heated after the formation of the twist.
Accordingly, distortion due to twisting can be eliminated,
and an optical-fiber coupler having excellent optical
characteristics and mechanical reliability can be obtained.

Although a twist is given to the fused-elongated portion
3 in the course of the fusing-elongating step, the fusing-
elongating step may be carried out after the optical fibers 1

and 2 are twisted.




optical -fi ber claddings |la and 2a. Next, the-t
and 2 are placed in a manuf acturing machi ne for an of
coupler in a manner such that the optical fibers 1 and 2
in parall el and that the exposed portions are next tg
As the manufacturing nmachine for an oma cal -fi ber couple

' AEMT@I‘IEFF

SEPTT

arecﬁfgg ef

r, one 5|n1l r

to that used in the above first enbodi ment is prefergbly
Then, by rotating one of the clanps holding the ends of 5

used.
t he two opt Gt

fibers 1 and & e caper exbodiaepto0f degrarstactuping pragrst i e ot her
cl anp, the surfaces of the cl addings |a and 2a of the two opti cal
fibers 1 gpiicalarfiber coupler according to the present invention will

be explained in the following.

First, in a manner similar to the above first
embodiment, two single-mode optical fibers 1 and 2 each of
which is covered with a plastic coating are provided, and
then, a part of the coating layer at a central portion of
each of the optical fibers 1 and 2 is removed so as to expose
optical-fiber claddings la and 2a.

Next, the two optical fibers 1 and 2 are placed in a
manufacturing machine for an optical-fiber coupler in a
manner such that the optical fibers 1 and 2 are arranged in
parallel and that the exposed portions are next to each
other. As the manufacturing machine for an optical-fiber
coupler, one similar to that used in the above first
embodiment is preferably used.

Then, by rotating one of the clamps holding the ends of
the two.optical fibers 1 and 2 for several turns with respect
to the other clamp, the surfaces of the claddings la and 2a
of the two optical fibers 1 and 2 are brought into contact
with each other. Thereafter, in order that the portion where
the optical fibers 1 and 2 are twisted together will form an
optical coupling part having a twist of 90 degrees after
fusing and elongating, the pitch and the position of the
twist are adjusted using a tool having a smooth surface, such
as a plastic stick, which will not damage the surfaces of the

claddings of the optical fibers.



brought into contact with each other. Subsequently, by héagpmny
of the part where the optical fibers 1 and 2 are in cont

ot her, the cl addings |a and 2a are fused together at
t hen, whi l e continuing heating, the fused portion 3 i§
stretching the portion in the |ongitud2hal direction. For j
a gas burner or an electric heater should 5 preferably b¢ used as a heat
sour ce. This fusing-elongating step is carried odl.while o

B

t hi s _heating,i

measuring the Hiksrquantdiy | byhhepdilagsadrproiPrach Fleehidifged part

formed as above, the claddings la and 2a are fused together
at this portion; then, while continuing heating, the fused
portion 3 is elongated by stretching the portion in the

5 longitudinal direction. For this heating, a gas burner or an

electric heater should preferably be used as a heat source.

In addition, the fusing-elongating step is carried out
while measuring the quantity of lighﬁ released from each
releasing end, and the elongation is completed when a desired
level of optical coupling is achieved. After this step, the
fused-elongated portion 3 is housed in a protective case in
order to ensure environmental resistance, whereby an optical-
fiber coupler is obtained.

According to the manufacturing process of an optical-

5 fiber coupler in this embodiment, the PDL of the optical-
fiber coupler can be reduced simply by giving a twist to the
two optical fibers 1 and 2 before the fusing-elongating step.
Accordingly, the operations are simple, and furthermore,

.) since the manufacturing machine to be employed is merely

7 required to be provided with a mechanism for rotating one of
the clamps in addition to a conventional mahufacturing
machine for an optical-fiber coupler, the manufacturing
machine can also be readily introduced into an existing
production line at a low cost. Moreover, since the

5 production time is almost the same as that qf a conventional
process, the process of the second embodiment is useful in

view of efficiency.



27 end, and when a desired |evel of optical coupl4n

one of the clanps holding the ends of the two opti cal 8EELﬂ&? ﬁHEET
rotated by approximately 90 degrees with respect to ot her clanp, ajs
shown in Fig. 5B. This rotation is <carried out so as to g| v & RNOW w7 of
approxi mately 90 degrees to the opgpcal coupling par ', and al so tjo
bring the direction of a line which links the center$ of The two
optical fibers 1 and 2 at one end of the optical-fiber coupl er covere

with a coatinglhsadditiinirg agresnahie wwilstt He added before the fusing-

elongating step, the thus-twisted part 4 is heated after the
formation of the twist. Accordingly, distortion due to
twisting can be eliminated, and an optical-fiber coupler
having excellent optical characteristics and mechanical
reliability can be obtained.

An optical-fiber coupler as shown in Fig. 1 can also be
manufactured as follows.

A third émbodiment of a manufacturing process for an
optical-fiber coupler according to the present invention will
be explained in the following.

Figs. 4A and 4B sequentially show the steps of a
manufacturing process of an optical-fiber coupler according
to this embodiment.

First, in a manner similar to the above first
embodiment, two single-mode optical fibers 1 and 2 each Sf
which is covered with a plastic coating are provided, and
then, a part of the coating layer at a central portion of
each of optical fibers 1 and 2 is removed so as to expose
optical-fiber claddings la and 2a.

Next, the two optical fibers 1 and 2 are placed in a
manufacturing machine for an optical-fiber coupler in a
manner such that the optical fibers 1 and 2 are arranged in
parallel and the exposed portions are next to each other. As
the manufacturing machine for an optical-fiber coupler, one
similar to that used in the above first embodiment is

preferably used.




direction of aline at the other end. The direction of this

r.ot.at-i-0n.-,of

clanps may be the same as or opposite to the d|rectlﬁﬁﬁgﬁjﬂﬂENTQ§ﬂﬂfkn

Py approTlnater 90 degrees which was carried out béfgre=tte

usi ng- el ongating step. When the desired opticg
characteristics are 5 obtained, the eljongation is conple1eQ%P§hgg?%%
f used- el ongated portion 3 is housed in a protectivé¢ Gase.l1lQ._as

shown in Fig. 6 in order to ensure environnmental resistance,

opti cal - f'berT%QHP'%ﬁe'§1938§h6§d1a and 2a oAGGR A0 dpfriaefy
process for an optlca - fibéer coupler of the this enbodlnent

mhereby
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an

|'s providgd 'a'?:tachehh%ooQﬁbﬁabtﬁé’f'pthéﬂggp&[tadﬁlﬁi’iﬁé’le Stwaromt,i el thibers 1

and 2

like, at the ends of each portion where the coating layer is
removed, so as to maintain contact between the surfaces of
the claddings la and 2a of the two optical-fibers at the
portions where the coating layers are removed.

In this condition, the part where the claddings la and
2a are in contact with each other (preferably the central
portions thereof) is heated so as to fuse the claddings la
and 2a with each other; then, the heating is further
continued, while the fused portion 3 is elongated by
stretching the fused portion 3 in the longitudinal direction.
For this heating, a gas burner or an electric héater should
preferably be used as a heat source.

Then, as shown in Fig. 4A, in the course of this fusing-
elongating step, preferably when optical coupling is created,
the fused-elongated portion 3 is cut into two sections at the
central position thereof.

Subsequently, one section is rotated by 90 degrees
around a central axis perpendicular to the cutting plane as
shown in Fig. 4B (for example, by rotating one of the clamps
holding the ends of the two optical fibers 1 and 2 by 90
degrees with respect to the other clamp); thereafter, the two
sections are joined together at the cutting plane (joined
part 5); and the heating for fusing and elongating is further
carried out.

In addition, the fusing-elongating step is carried out



are tw sted together by approximately 90 degrees and the |
f.using-elongating step is carried out; thereafter, by ! LAY N ST
optical fibers 1 and 2 together so as to 5 brlng t he dlrectlon of a I
which links the centers of the two optical fibers 1 L 3NN g9 nd 01
the optical-fiber coupler into agrkenment with the dirjegtion of a lin
at the 28 ot er*@nnfr”a* ' o]
approxi nately 90 degrees '
while measuring the quantity of light released from each

releasing end, and the elongation is completed when a desired
level of optical coupling is achieved. After this step, the
fused-elongated portion 3 is housed in a protective case in
order to ensure environmental resistance, whereby an optical-
fiber éoupler is obtained.

ﬁccording to the manufacturing process of an optical-
fiber coupler in this embodiment, the PDL of an optical-fiber
coupler can be reduced simply by cutting the fused-elongated
portion 3 into two sections, rotating one section, and
joining the two sections together, in the course of the
fusing-elongating step. Accordingly, the operations are
simple, and furthermore, since the manufacturing machine to
be employed is merely required to be provided with a cutting
means and a mechanism for rotating one of the clamps in
addition to a conventional manufacturing machine for an
optical-fiber coupler, the manufacturing machine can also be
readily introduced into an existing production line at a low
cost.

In addition, since the cutting and joining steps are
carried out in the course of the fusing-elongating step, the
thus-joined part 5 is additionally heated after the joining
step. Accordingly, a stepped structure due to the joining
can be eliminated, and an optical-fiber coupler having
excellent optical characteristics and mechanical reliability
can be obtained.

A process as in this embodiment, in which a twisted part



the optical coupling part, and an optical-fiber coupler gBHrai

he obtai ned. Since an optical -fiber coupler haviﬁg ‘ . -
structure possesses identical shapes at both ends of {tHe ggtlcal fibgr
coupler, it can be conveniently housed in a protective cass NiYi WH/ has &
groove having an even wdth along the 25 |ongitudinal dijrection;
accordingly, such an optical-fiber coupler is preferable since it can
fit a conventional protective case. Furthernore, sinde-the

manuf act W i iy formeadhdhyi matitdnige tbeplfuped-edongabeg p@thre,d ¢an be pr ovi ded
W th a mechanismfor rotating one of the clanps in addition to a

convent i aneducmRBlactans yeaddlyi tbahor pnoopsscan-whbeh the fused-
elongated portion is simply twisted.
Moreover, the above first to third embodiments describe
35 manufacturing processes for an optical-fiber coupler having a
structure in which the direction of a line which links the
centers of the two optical fibers 1 and 2 at one end of the
optical-fiber coupler covered with a coating layer makes an
angle of approximately 90 degrees with the direction of a
line at the other end; however, an optical~fiber coupler of
the present invention will function as long as the direction
of a line which links the centers of the two optical fibers 1
and 2 at one end of the optical coupling part, makes an angle
of approximately 90 degrees with the direction of a line at
5 the other end of the optical coupling part; therefore, the
optical-fiber coupler may be of a structure in which the
direction of a line which links the centers of the two
optical fibers 1 and 2 at one end of the optical-fiber
) coupler covered with a coating layer is identical to the
direction of a line at the other end. Such an optical-fiber
coupler can be manufactured in the following manner.

A fourth embodiment of a manufacturing process for an
optical-fiber coupler according to the present invention will
be explained in the following.

5 Figs. S5A and 5B sequentially show the steps of a
manufacturing process of an optical-fiber coupler according

to this embodiment.



coupl er, the manufacturing machi ne can al so be readily intnrge

exi sting production line at a | ow cost. Mor eover, sincej

time is alnost the sanme as that of a conventi onal procexsm

of this enbodi ment is also useful in view of efficiencyj
Exanmple 1 In line with the nmgngif acturing process o
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embodiment, two single-mode optical fibers 1 and 2 each of

which is covered with a plastic coating are provided, and
then, a part of the coating layer at a central portion of
each of the optical fibers 1 and 2 is removed so as to expose
optical-fiber claddings la and 2a.

Next, the two optical fibers 1 and 2 are placed in a
manufacturing machine for an optical-fiber coupler in a
manner such that the optical fibers 1 and 2 are arranged in
parallel and that the exposed portions are next to each
other. As the manufacturing machine for an optical-fiber
coupler, one similar to that used in the above first
embodiment is preferably used.

Then, by rotating one of the clamps holding the ends of

" the two optical fibers 1 and 2 by approximately 90 degrees

with respect to the other clamp, the surfaces of the
claddings la aﬁd 2a of the two optical fibers 1 and 2 are
brought into contact with each other.

Subsequently, by heating a portion of the paré where the
optical fibers 1 and 2 are in contact with each other, the
claddings la and 2a are fused together at this portion; then,
while continuing heating, the fused portion 3 is elongated by
stretching the portion in the longitudinal direction. For
this heating, a gas burner or an electric heater should
preferably be used as a heat source.

This fusing-elongating step is carried out while

measuring the quantity of light released from each releasing



wavel ength of 1.48 [err]mand |ight having a wavel ength

dianeter of 125.5 [err]m a coating di gneter of 255 [erf
wavel ength of 1.23 pm was used. Next, a part of
of each of optical ]

[3 That is to say, first, {REPish
fibers were provided. For each of the singl
one having a node field dianeter of 9.5 [er]

end, and when a desired level of optical coupling is neared,
one of the clamps holding the ends of the two optical fibers
1 and 2 is rotated by approximately 90 degrees with respect
to the other clamp, as shown in Fig. 5B. This rotation is
carried out so as to give ; twist éf approximately 90 degrees
to the optical coupling part 3', and also to bring'the
direction of a line which links the centers of the two
optical fibers 1 and 2 at one end of the optical-fiber
coupler covered with a coating layer into agreement with the
direction of a line at the other end. The direction of this
rotation of clamps may be the same as or opposite to the
direction of the rotation by approximately 90 degrees which
was carried out before the fusing-elongating step.

When the desired optical coupling characteristics are
obtained, the elongation is completed, and the fused-
elongated portion 3 is housed in a protective case 10 as
shown in Fig. 6 in order to ensure environmental resistance,
whereby an optical-fiber coupler is obtained.

Agcording to a manufacturing process for an optical-
fiber coupler of the this embodiment, no twist is provided in
the optical coupling part when the two optical fibers 1 and 2
are twisted together by approximately 90 degrees and the
fusing-elongating step is carried out; thereafter, by
twisting the two optical fibers 1 and 2 together so as to
bring the direction of a line which links the centers of the
two optical fibers 1 and 2 at one end of the optical-fiber

coupler into agreement with the direction of a line at the



th!cal fibers were placed in a manufacturing machi ne f‘;'-r~
optical -fiber coupler, and the exposed cl addi ngs were

contact with each other. Subsequently, the expassg

portions were heated at the approxjgmte centers theregf,

el ongated whil e the heating was further continued. Dutl :
el ongati ng step, light having a wavel ength of 1.48 | g

from P3 apde Pdptidiel tauHIGHS pairtt hanHebaasptgcal-fEher veuSLADHE of ed; an
optical couplihg state in which 100%
low PDL can be obtained.
Since an optical-fiber coupler having such a structure
5 possesses identical shapes at both ends of the optical-fiber
coupler, it can be conveniently housed in a protective case
which has a groove'having an even width along the
longitudinal direction; accordingly, such an optical-fiber
coupler is preferable since it can fit a conventional
protective case. Furthermore, since the manufacturing
machine to be employed is merely required to be provided with
a mechanism for rotating one of the clamps in addition to a
conventional manufacturing machine for an optical-fiber
coupler, the manufacturing machine can also be readily
5 introduced into an existing production line at a low cost.
Moreover, since the production time is almost the same as
that of a conventional process, the process of this

embodiment is also useful in view of efficiency.

0 EXAMPLES
Example 1
In line with the manufacturing process of the above
first embodiment, a WDM (wavelength-division-multiplexing)
optical-fiber coupler for 1.48/1.55 pm was manufactured,
5 which is capable of diverging and merging light having a
wavelength of 1.48 um and light having a wavelength of 1.55

nm.



of éoupling | i ght having the wavel ength of 1.55 [err]ﬁ1ﬂ

P3, which is one of the ports at the rel easing end, la uLééggﬁﬁipggEﬁT

coupling light having the wavel ength of 1.48 [err]mi & obtajned fro
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the other port P4 was targeted. Then, when the

o}

of the light havi ng the wavepength of 1.48 pmirdached
approximately 100% 5 one of the clanps holding the ends of the two

fibers was rotated by approxi mately 90 degrees-with.r.espect t
ot her Thanpis thersdy, @idisty awbwisshgtb-ROddegpresal ofihers |

were provided. For each of the single-mode optical fibers,
one having a mode field diameter of 9.5 um, a c¢ladding
diameter of 125.5 pm, a coating diameter of 255 um, and a
cut—-off wavelength of 1.23 um was used.

Next, a part of the coating layer of each of optical
fibers was removed in a length of about 30 mm, and thereafter
the optical fibers were placed in a manufacturing machine for
an optical-fiber coupler, and the exposed claddings were
brought into contact with each other.

Subsequently, the exposed cladding portions were heated
at the approximate centers thereof, and were elongated while
the heating was further continued. During this elongating
step, light having a wavelength of 1.48 pm and light having a
wavelength of 1.55 pm were introduced through Pl, which was
one of the ports at the‘entrance end, and the quantities of
light released from P3 and P4, the two ports at the releasing
end, were monitored; an optical coupling state in which 100%
of coupling light having the wavelength of 1.55 pm is
obtained from P3, which is one of the ports at the releasing
end, and 100% of coupling light having the wavelength of 1.48
um is obtained from the other port P4 was targeted.

Then, when the optical coupling level of the light
having the wavelength of 1.48 um reached approximately 100%,
one of the clamps holding the ends of the two optical fibers
was rotated by approximately 90 degrees with respect to the

other clamp, thereby giving a twist of 90 degrees to the
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fromthe power source
further continued until the targeted optical coupling state

was achieved. The final elongation length was 35 mm.
The PDL characteristics of the thus—-obtained optical-
3 fiber coupler were evaluated.
Fig. 7 shows a measuring system for measuring the PDL of

an optical-fiber coupler. This measuring system is composed

of a wavelength-variable laser diode light source 11,

polarization controller 12, an optical-fiber coupler 13, and

an optical power meter 14. After light from the power source
11 is adjusted to a predetermined polarization using the
polarization controller 14, the light is introduced into the
port Pl of the optical-fiber coupler 13, and the quantity of
the transmitted light which is released from the port P3 is

5 measured by the optical power meter 14. Then, the PDL is
obtained by finding the ratio of the minimum value to the
naximum value of the transmitted light quantity obtained by
varying the polarization of light introduced in the optical-
fiber coupler 13.

3 Fig. 8 shows the PDL characteristics of an optical-fiber
coupler obtained in accordance with this example. As shown

in the figure, the maximum value of the PDL in the wavelength

range of 1.55 + 0.001 pum was 0.03 dB, which was extremely
low.

5 The reason why the PDL of the opticgl-fiber coupler did
not absolutely become zero in this example is believed to be

due to the 90 degree twist at the fused-elongated portion not



11 i's adjusted to a predeternined polarization using the ... polarization
controller 14, the light is introduced into the port farich N
optical -fi ber coupler 13, and the quantity of t he tr,'v.'iﬁgﬁﬁmg%ﬁﬁﬁgy

which is released fromthe port P3 is nmeasured by the dptical power

meter 14. Then, the PDL is obt ai nedll by finding the riatj &331‘*&@\2&% ng mgm
val ue to the maxi mum val ue of the transmitted |ight qudntity obtainefl by
varying the polarization of light introduced in the optijcal - T Der
coupl er I®ing fully Empargedhénsthheopblicehaceupkingtbambal a0 e e o
optical -fi ber coupl er obtained in accordance wth this. exanple. As shown

in the fifkgearding ynadiomordesl te efconplPsh & nlower RVMel eyt Hwist
between the clamps may be adjusted to be more than 90
degrees, s0 as to give a twist of exactly 90 degrees to the

v optical coupling part, taking account of the amount of twist
imparted to parts other than the optical coupling part.
Furthermore, in order to efficiently manufacture an

optical fiber coupler of a lower PDL, it is preferable that
the relationship between the amount of twist of the clamps
and the PDL be known, prior to manufacturing of the optical-

fiber coupler.

Example 2
In line with the manufacturing process of the above
3 second embodiment, a WDM (wavelength-division-multiplexing)
optical-fiber coupler for 1.48/1.55 pum was manufactured.
That is to say, in a manner similar to the above Example
1, first, two single-mode optical fibers were provided, and a
part of the coating layer of each of the optical fibers was
)  removed, then the optical fibers were placed in a
manufacturing machine for an optical-fiber coupler, and the
exposed claddings were brought into contact with each other.
" Subsequently, one of the clamps holding the ends of the
two optical fibers was rotated by 270 degrees with respect to
5 the other clamp. Furthermore, the twist was adjusted using a
plastic stick having a diameter of 1.5 mm with a smooth

surface so as to obtain a pitch of approximately 8 mm and to



range of 1.55 0.001 [err]mwas 0.03 dB, which was ext penmly Ly ©
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position the twist at the center of the fuse%;gldhgated
portion.

After the above procedure, the central portion of the
twisted part was heated over a length of approximately 6 mm
s0 as to fuse the claddings with each other. Then, while
monitoring the quantities of the released light, elongation
was carried out until the targeted optical coupling state was
achieved. The final elongation length was 35 mm.

The results of measurement of PDL characteristics of the
thus—-obtained optical-fiber coupler were found to be similar
to those of Example 1, that is, the maximum value of the PDL
in the wavelength range of 1.55 + 0.001 pm according to

Example 2 was 0.03 dB, which was extremely low.

Example 3

In line with the manufacturing process of the above
third embodiment, a WDM (wavelength—division—multiplexing)
optical-fiber coupler for 1.48/1.55 pm was manufactured.

That is to say, in a manner similar to the above Example
1, first, two single-mode optical fibers were provided, and a
part of the coating layer of each of optical fibers was
removed, then the optical fibers were placed in a
manufacturing machine for an optical-fiber coupler, and the
exposed claddings were brought into contact with each other.

Subsequently, the approximate centers of the exposed
cladding portions were heated to fuse them together, and

while monitoring the quantities of the released light, the



degrees, so as to give a twist of exactly 90 degrees to the optical
coupling part, taking account of the amount of tw st inpaLled to parts

ot her than the optical coupling part. Furt her nore, PRL”‘.;ﬂj;m‘a\i -
efficiently manufacture an optical fiber coupler of a | opep—RRLI 152Kk
preferable that the relationship between the amount of tw f the clanps
and the PDL be known, prior to manufacturing of the optic I- @ Y Wy
coupl er. Exanpl e 2 In line with the manufacturing forocess of thg
above séeartdngnbodi skohgadiPMénaved enipgd-aitvi si on- nult'pIeX|ng)

Then, when the optical coupling level of the: light
having the wavelength of 1.48 pm reached approximately 100%,
the center of the fused~elongated portion was cut into two
5 sections. Next, one of the clamps holding the ends of the
two optical fibers was rotated by 90 degrees with respect to
the other clamp so as to rotate one of the two sections of
optical fibers. Thereafter, the two sections of the optical
fibers were joined together at the cutting plane. The joined
part was heated to fuse the two sections together, and
further elongation was carried out until the targeted optical
coupling state was achieved. The final elongation length was
35 mm.
Fig. 9 shows PDL characteristics of an optical-fiber
3 coupler obtained in accordance with this example. As shown
in the figure, the maximum value of the PDL in the wavelength
range of 1.55 + 0.001 um was 0.01 dB,~which was extremely
low.
) The reason why the PDL of the optical-fiber coupler did
0 not absolutely become zero in this example was believed to be
that when one of the clamps holding the ends of the two
optical fibers was rotated by-90 degrees, there was an error
in the angle, and thus the twist at the fused-elongated

portion was not exactly 90 degrees.

Comparative Example 1

A WDM (wavelength-division-multiplexing) optical-fiber



optical -fiber coupler for 1.48/1.55 [err] mwas manufactured That is
to say, in a nmanner simlar to the above Exanple 1, fir<gBED i wx“w '

optical fibers were provided, and a part of the coating]
the optical fibers was renoved, then the optical fibers\m&r Iaced |n
manuf act uri ng machi ne for an opti cal {er coupl er, and tthe %Ei
cl addi ngs were brought into contact vmé each ot her. | iSubsequentIy
gnezog éhe clanps hol ding the ends of the two optical fitbers was rotated
y 27 e s with re t the_o arurt (¢ o =N o V=10 M. :
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That is to say, in a manner similar to the above Example

1, first, two single-mode optical fibers were provided, and a

3 part of the coating layer of each of the optical fibers was
removed, then the optical fibers were placed in a
manufacturing machine for an optical-fiber coupler, and the
exposed claddings were brought into contact with each other.

Subsequently, the approximate centers of the expoéed

cladding portions were heated to fuse them together, and
while monitoring the quantities of the released light, the
heating and elongating were cérried out until a targeted
optical coupling state was achieved. The final elongation
length was 35 mm.

5 Fig. 10 shows PDL characteristics of an optical-fiber
coupler obtained in accordance with this comparative example.
As shown in the figure, the maximum value of the PDL in the
wavelength range of 1.55 + 0.001 pm was 0.09 dB, which was

high.
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What is claimed is:

1. An optical-fiber coupler formed by disposing two single-~
mode optical fibers in parallel, and fusing and elongating
the optical fibers at one position in the longitudinal extent
of the optical fibers so as to form a fused-elongated portion
having an optical coupling part, the optical-fiber coupler
being characterized in that with respect to the direction of
a line on a plane orthogonally intersecting the longitudinal
direction of the optical fibers, said line linking the
centers of the two optical fibers, the direction of such a
line on a plane at one end of the optical coupling part of
the fused-elongated portion makes an angle in the range of 90
+ 10 degrees with the direction of such a line on a plane at

the other end of the optical coupling part.

2. A procéss for manufacfuring an optical-fiber coupler by
disposing two single-mode optical fibers in parallel, and
heating to fuse and elongate the optical fibers at one
position in the longitudinal extent of the optical fibers so
as to form a.fused-elongated portion having an optical
coupling part, the process being characterized by comprising
the step of giving a twist of the optical fibers at the
optical coupling part of the fused-elongated portion in the

course of the heating step.

3. A process for manufacturing an optical-fiber coupler by

(LT



achi eved. The final elongation |ength
measur enent of PDL characteristics of
coupler were found to be simlar
maxi num val ue of the PDL in the wave

according to Exanple 2 was 0.03 dB, which was |

3 In Iine with the manufacturitg process of the apale
enbodi ment, a WDM (wavel engt h-di vi si on-nul ti pl exi ng) !
coupl er for 1.48/1.55 [err] mwas manufact ur ed. s e g 2>
a manner $isAIENG SWochsiawdeenpdgnppeical fibers in para%ﬁgl, and

heating to fuse and elongate the optical fibers at one
position in the longitudinal extent of the optical fibers so
as to form a fused-elongated portion, the process being

3y characterized by comprising the step of imparting a twist to

the optical fibers before the heating step.

4. A process for manufacturing an optical-fiber coupler by
disposing two single-mode optical fibers in parallel, and
: heating to fuse and elongate the optical fibers at one

position in the longitudinal extent of the optical fibers so
as to form a fused-elongated portion having an optical
coupling part, the process being characterized by comprising
the steps of cutting the optical coupling part of the fused-

5  elongated portion into two sections in the course of the
heating step, rotating one section around a central axis
perpendicular to the cutting plane, joining the two sections
together at the cutting plane, and further heating to fuse

and elongate the fused-elongated portion.

S
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1, first, two si ngl e-node optical fibers were provided, and a part of

the coating |l ayer of each of optical fibers was r enoet=tRehn—t
optical fibers were placed in a manuf act uri ng machi nEFRACEMEN]
optical -fiber coupler, and the exposed cl addi ngs werj [Brougnt
contact*with each other. 5 Subsequent |y, the approxXi %uﬁp
t he exposed cl addi ng portions were heated to fuse then together,

while monitoring the quantities of the B8l eased |ight, the

ABSTRACT OF THE DISCLOSURE -
OPTICAL-FIBER COUPLER AND MANUFACTURING PROCESS THEREFOR

5 In an optical-fiber coupler formed by disposing two
single-mode optical fibers 1 and 2 in parallel, and fusing
and elongating the optical fibers at one. position in the
longitudinal extent of the optical fibers 1 and 2, variation

' of insertion loss dependent on the polarization can be

" eliminated in its manufacturing by imparting a twist to the
optical coupling part 3' of the fused-elongated portion 3 so
that with respect to the direction of a line on a plane
ortﬁogonally intersecting the longitudinal direction of the
optical fibers 1 and 2, the line linking.the centers of the

15 two optical fibers 1 and 2, the direction of the line on a

plane at one end of the optical coupling part 3' of the
fused-elongated portion 3 makes an angle of 90 degrees with
the direction of the line on a plane at the other end of the

optical coupling part 3'.

Figurel



heati ng and el ongating were carried out. Then, when the optica
coupling level of the |ight havi ng t he wavel engt h..af - 1
reached approxi mately 100% the center of the fusgdde ﬁﬁggﬁ%ﬁion
was cut into two sections. Next, one of the clanps hplgrng—ttre-endsiof the
two optical fibers was rotated by 90 degrees with respe gqq .the ot her
clanp so as to rotate one of the two sektions of ; ii% I QYﬁers.
Thereafter, the two sections of the opfical fibers mere j.oined.
at the cutting plane. The joined part was heated to fuse the two secti
t oget her, and further elongation was carried out 4#tt re—t-argete
opti cal

dgeét her
ons

Fig. 1




coubling state was achi eved. The final elongation |ength was 35 mMm
Fig. 9 shows PDL characteristics of an optical-fiber coupler obtalned in

accordance with this exanple. As shown in the figure,
of the PDL in the wavel ength range of 1.55 0.001 [ep
whi ch was extrenely | ow. The reason why the PDL of |

coupler did not absolutely becone zerd@in this exanpl e iwa @ N@V?H
t hat when one of the clanps holding theends of the two} ¢ %t 1‘
was rotated by 90 degrees, there was an error in the amale and fhl,,
the twi st at the fused-el ongated

FIG. 2A FIG. 2B
Y
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o - X

4

X
FIG. 3A FIG. 3B
y

X | Y




portion was not exactly 90 degrees.

VDM (wavel engt h-di vi sion-mul ti pl exi ng) optical-fiber
34 coupler for 1.48/1.55 pmwas manufactured in a
is to say, in a NAREBIAERIEY

conventi onal process.
above Exanpl e

FIG. 4A

That

5 Conparative Exanple 1

3

s

CUTTING PLANE

cordance with

"Sﬁﬁﬁﬁthe
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1, first, two single-node optical fibers were provided, and a part of the

coating |l ayer of each of the optical fibers was rennved t hen the
optical fibers were placed in a manuf act uri ng macheEpe-fo o
optical -fiber coupler, and the exposed cl addi ngs weREilbE oG il s
contact with each other. Subsequently, the appr X|nate cent ef sj of
t he exposed cl addi ng portions weredgheated to fuse | q@gﬁ )|
while nonitoring the quantities of the™Tel eased |ight,jt eat i ny and
el ongating were carried out until a targeted opti was
achi eved. The final el ongation | ength was 35 nm shows

PDL characteristics of an optical-fiber




coubl er obtained in accordance with this conparative exanple. As shown

i'n the figure, the maxi numvalue of the PDL in the wavel engt h range of

1.55 0.001 [err]mwas 0.09 dB, which was " hi gh. What is

claimed is: 1. An optical-fiber coupler formed hy disposing.tuo.

si ngl e- 5 {REPLACEMENT SHEET
03 NOV lyws

FIG. 6




mode optical fibers in parallel, and fusing and el ongating 5 the optical

fi bers at one position in the |ongitudinal extent of the opti cal
fibers so as to forma fused-el ongated portion havi i i
coupling part, the optical-fiber coupler bei ng charjaet

with respect to the direction of a line on a plane
intersecting the longitudinal 10 direagion of the optig
line linking the centers of the twWo optical fibers,
such a line on a plane at one end of the optical cg

+

i

all HHaovwspi d

he direction fof

U =

t he fused-el ongated portion nmakes an angle in the range]

Tg-patt-maft
fof 90 [err] j10

degrees with the direction of such a |ine on a plane at
of the optical coupling part.
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2. A process for manufacturing an optical-fiber coupl er by di sposi ng
two singl e-node optical fibers in parallel, and heating to fuse and

el ongate the optical fibers at one 20 position in the,
of the optical fibers so as to forma fused-el ongaRE
an optical coupling part, the process being chara¢t
conpri si ng the step of giving a tw st of the opti
optical coupling part of the fused-el ongated portion

t he heating step,

pl ane orthogonally intersecting the | ongi t udi nal
optical fibers, said line

udlnal ext ent

Y ST

whereby with respect to the dirlec

ion of a ling

a rBérs at tHe
[hés NEY Wur de fof

h

idi rection of 't

on a
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36 |l inking the centers of the two optical fibers; the direction

of such a line on a plane at one end of the optical coupling part of

t he fused-el ongated portion nakes an angle in the range of 90 [err] 10
degrees with the direction of such a line on 5 a plang-gt tdre=s ==

the optical coupling part. 3. A process for manNagaa]

optical -fiber coupler by 8

e

Flg. 11




disbosing two single-node optical fibers in parallel, -and heating to
fuse and el ongate the optical fibers at one 10 position in the

| ongi tudi nal extent of the optical fibers so as to forma
fused- el ongat ed portion having an optical coupling part, the process
bei ng characterized by conprising the step of inparting a tmnst to the
optical fibers before t he heati ng %tep, mheret? é@' 5 ™ t he
direction of a 15 line on a plane orfhogonally in :s;“”E“f; i E]
| ongi t udi nal direction of the optical fibers, |said |ine g the
centers of the two optical fibers, the direction off $uQ® 8OV W971ing on a
pl ane at one end of the optical coupling part of t he fused- eljorfgat ed
portion makes an angle in the range of 90 .
FiG. 12
y
[ ©- o X
FIG. 13
ENTERING LIGHT  COUPLING LIGHT
FIG. 14



20 [err] 10 degrees with the direction of such a line on a plane at

t‘he other end of the optical coupling part. 4. A process for
manuf acturi ng an optical -fi ber coupl er by di sposi ng two singl e- node
optical fibers in parallel, and 25 heating to fuse and el ongate the

optical fibers at one position in the |ongitudinal extent of the
optical fibers so as to forma fud@d-el ongated portion having an

opti cal

REPLACEMENT SHEET]
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37 coupling part, the process being characterized by conprising
the steps of cutting the optical coupling part of the fused- el ongat ed
portion into two sections in the course of the heati ng step, rotating
one section around a central axis 5 perpendicul ar to~th P
joining the two sections together at the cutting ﬁﬂﬁﬁé&ﬂghﬁ?? f
heating to fuse and el ongate the fwdsed-el ongated poFtion.
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What is claimed is:

1. An optical-fiber coupler formed by disposing two single-
mode optical fibers in parallel, and fusing and elongating
the optical fibers at one position in the longitudinal extent
of the optical fibers so as to form a fused-elongated portion
having an optical coupling part, the optical-fiber coupler
being characterized in that with respect to the direction of
a line on a plane orthogonally intersecting the longitudinal
direction of the optical fibers, said line linking the
centers of the two optical fibers, the direction of such a
line on a plane at one end of the optical coupling part of
the fused-elongated portion makes an angle in the range of 90
t 10 degrees with the direction of such a line on a plane at

the other end of the optical coupling part.

2. A process for manufacturing an optical-fiber coupler by

- disposing two sihgle-mode optical fibers in parallel, and

heating to fuse and elongate the optical fibers at one
position in the longitudinal extent of the optical fibers so
as to form a fused-elongated portion having an optical
cqupling’ﬁart, the process being characterized by comprising
the step df giving a twist of the optical fibers at the
optical coupling part of the fused-elongated portion in the

course of the heating step, whereby with respect to the

direction of a line on a plane orthogonally intersecting the

longitudinal direction of the optical fibers, said line

L
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linking the centers of the two optical fibers, the direction
of such a line on a plane at one end of the optical coupling
part of the fused-elongated portion makes an angle in the
range of 90 + 10 degrees with the direction of such a line on

a plane at the other end of the optical coupling part.

3. A process for manufacturing an optical-fiber coupler by
disposing two single-mode optical fibers in parallel, and
heating to fuse and elongate the optical fibers at one
position in the longitudinal extent of the optical fibers so

as to form a fused-elongated portion having an optical

coupling part, the process being characterized by comprising

the step of imparting a twist to the optical fibers before

the heating step, whereby with respect to the direction of a

line on a plane orthogonally intersecting the longitudinal

direction of the optical fibers, said line linking the

centers of the two optical fibers, the direction of such a

-line on a plane at one end of the optical coupling part of

the fused-elongated portion makes an angle in the range of 90

* 10 degrees with the direction of such a line on a plane at

the other end of the optical coupling part.

4. A process for manufacturing an optical-fiber coupler by
disposing two single-mode optical fibers in parallel, and
heating to fuse and elongate the optical fibers at one
position in the longitudinal extent of the optical fibers so

as to form a fused-elongated portion having an optical
R
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coupling part, the process being characterized by comprising
the steps of cutting the optical coupling part of the fused-
elongated portion into two sections in the course of the
heating siep, rotating one section around a central axis

5 perpendicular to the cutting plane, jeining the two sections
together at the cutting plane, and further heating to fuse

and elongate the fused-elongated portion.
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