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OPTICAL FIBER COMPONENT OPTICAL
COUPLER AND METHOD OF PRODUCING
THEREOF

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to optical fiber component,
an optical coupler and a method of producing thereof.

2. Related Background Art

Because rare earth elements and transition metals such as
erbium (Er) can amplify light, they can be used in optical
fiber laser and optical fiber amplification. The light in this
optical fiber propagates essentially through the core of the
optical fiber, therefore, rare earth elements are normally
added to the core. The rare earth elements pumped by
exciting light have the abtlity to amplity light. However,
such rare earth elements cause light loss in signaling light,
and adjusting the quantity of rare earth elements doped into
the core is extremely difficult. Even though the light in the
optical fiber propagates essentially within the core, it par-
tially leaks out through the cladding. This indicales the
possibility to realize light amplification even when the
cladding of the optical fiber is doped with rare earth eie-
ments. However in this case, as the cladding has a lower
light power level than the core, it necessilates a high
concentration of doping with rare earth elements.

A vapor phase epitaxy method and a solution impregna-
tion method, eic. are known as methods to add rare earth
elements as active element to the optical fiber. In the vapor
phase epitaxy method, first, chloride of rare earth element 1s
heated and the resultant vapor is allowed to flow into a
reaction tube together with material gas of silica glass, for
example, silicon tetrachloride, Then, glass is synthesized.
Next, a rod is produced using the glass added with rare earth
elements and after being made transparent a cladding mate-
rial or a core matenial 18 formed to produce optical fiber.
There is another method to form the optical fiber. In the
method, first, a group of silica particies 1s heated and being
made transparent. When the group of particles being made
transparent, rare earth elements are added to the glass by
exposing the group of silica particles to a vapor of rare earth
elements.

In the solution impregnation method, silica particles are
impregnated in an alcoholic solution or agueous solution of
rare earth elements, then by sintering the silica particie
group after evaporating the solvent, rare earth elements are
added to the glass, to obtain optical fiber.

However, in the methods of producing optical fibers
described above, in the case of vapor phase epitaxy method,
the doping concentration is limited to the range from several
ppm {0 several tens ppm due to the low vapor pressure of
rare earth elements. Accordingly, a satisfactory light ampli-
fication ability is not exhibited by the optical fiber which 1s
produced by the method described above such as the clad-
ding 1s doped with rare earth elements. In the solution
impregnation method, higher concentration of several thou-

sands ppm is possible. However because the impregnation
quantity is dispersed due to apparent density distribution of
the silica particlie group, it is difficult to obtain an optical
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fiber in which the rare earth elements are added uniformly to
the cladding in a high concentration.

Unlike the methods described above, a sol-gel method
enables rare earth elements to be added in a high concen-
tration and prevent concentration association. Accordingly
when optical fiber is spun using a glass material obtained by
the sol-gel method as a base matenal for the cladding,
optical fiber components might be produced in which the
rare earth elements 1s added uniformly to the cladding in a
high concentration.

The light in the optical fiber propagates essentially within
the core, but it partially leaks out through the cladding and
thus propagates within the cladding, as hereinbefore
described. Particularly if an optical fiber has a thinner
nortion in a part of the cladding portion, the light propagat-
ing within the cladding has a relatively large light power
density at thai thinner portion. Because of this, a relatively
large light amplification ability might be exhibited by par-
tially forming the optical fiber thinner even when active
elements are added onto the cladding over the entire length
of the optical fiber.

However, the light propagating within the cladding
becomes relatively large at the portion where the optical
fiber is partially formed thinner, thereby the light often leaks
outside the cladding. At a portion in the cladding except for
the thinner portion contributing to light amplification ability,
propagated light of the cladding suifers loss due to rare earth
clements. In particular, when the optical fiber components
are doped with rare earth elements in a relatively long
portion with higher concentration, the total light loss 1s not
negligible, and causes difficulty in exhibiting satisfactory
light amplification ability.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an
optical fiber component including an optical fiber compris-
ing a core portion formed of transparent material with a first
refraction factor, a cladding portion formed of transparent
material with a refraction factor smaller than the first refrac-
tion factor and provided embracing the corc portion, a
thinner portion existing in at least one portion of the clad-
ding portion in a longitudinal direction of the optical fiber,
and a light amplifying portion provided at the portion where
the thinner portion is made up, the light amplifying portion
coniaining active elements having light amplification ability.

It is another object of the present invention to provide a
method of producing an optical fiber component comprising
the steps of: forming an optical fiber which comprises a core
portion formed of translucent material with a first refraction
factor and a cladding portion formed of transparent material
with a refraction factor smalier than the first refraction factor
by spinning; forming a thinner portion at least one portion of
the cladding portion in a longitudinal direction of the optical
fiber; and providing a light amplifying portion at the portion
where the thinner portion is formed, the light amplifying
portion containing active elements that can amphfy lhight

It 1s further another object of the present invention (o
provide an optical coupler formed by fusing a plurality of
optical fibers, each of which comprises a core portion
formed of transparent material with a first refraction factor
and cladding portion formed of transparent material with a
refraction factor smaller than the first refraction factor and
provided embracing {(he core portion, wherein a lighi
amplify portion is provided at the cladding potions thereof,
and active elements having a light amplification function are

added to the light amplify portion.
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It is more further another object of the present invention
to provide a method of producing an optical coupler com-
prising the steps of: fusing a plurality of optical fibers, each
of which comprises a core portion formed of translucent
material with a first refraction factor and a cladding portion
formed of transparent material with a refraction factor
smaller than the first refraction factor and provided embrac-
ing the core portion, in cladding portions of the plural optical
fibers among them and forming a light amplifying portion
containing active elements capable of amplifying light onto
the portion where the clad portions have been fused together.

Further scope of applicability of the present invention will
become apparent from the detailed description given here-
inafter. However, il should be understood that the detailed
description and specific examples, while indicating pre-
ferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the invention will become
apparent to those skilled in the art form this detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view of an optical fiber component
according to an embodiment of the present invention,

FIG. 2A to FIG. 2D are drawings showing the steps for
production processes of an optical fiber component accord-
ing to an embodiment of the present invention, and

F1G. 3 is a sectional view of an optical coupler according
to an embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The embodiments of the present invention will be
explained referring to the appending drawings as follows.

As shown in FIG. 1, a glass coat 6 added with active
elements as a light amplifying portion adheres to periphery
of a thinner portion of a cladding portion (hereinafter
referred to as a thinner portion) 4 of a spun optical fiber 1.
The glass coat 6 has active elements added uniformly in a
high concentration. Hereinafter in this explanation of the
invention, i1 is assumed that the cladding portion does not
include a light amplifying portion.

FIGS. 2A to 2D are steps showing the production pro-
cesses of the optical fiber component. As shown in FIG. 2A,
the optical fiber 1 spun from a pre-form formed with a clad
base material and a core base material is heated by a burmer
flame 3 through silica plate 2 and extended. From this
process, the optical fiber 1 is provided with a thinner portion
4 as shown in FIG. 2B. Sol, which is added an active element
(hereinafter referred to as active element addition sol 5)
having light amplifying ability is produced, and the active
element addition sol 5 is then adhered to the thinner portion
4 of the optical fiber 1 previously formed, to form a sol-like
coat 51. The sol-like coat 51 is dried to be converted into a
gel as shown in FIG. 2C. This optical fiber 1 is heated and
further sintered as shown in FIG. 2D, thus transparent glass
coat 6 1s formed.

As described above, the optical fiber component with
cross-sectional structure shown in FIG. 1 1s produced. The
functions of the optical fiber component obtained by the
production processes described above will be explained
referring to FIG. 1. In the drawing, when signal light and
exciting light are incident to the core portion 11 of optical
fiber 1, the light leaks out onto the glass coat 6 adhered to
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periphery of the thinner portion 4 of the cladding, then, the
active element inside the glass coat 6 is pumped by the
exciting light. At this time, the signal light also leaks out on
glass coal 6, and exhibit a so-called light amplification
ability by induced emission.

Using the methods hereinbefore described, an optical
coupler composed of a plural of optical fibers may be
produced. FIG. 3 is a sectional view of the construction of
the optical coupler according to the present invention. As
shown in the drawing, the glass cost 6 forming a light
amplifying portion is adhered to the periphery of thinner
portions 4a and 4b where two optical fibers 1a and 1b are
fused. The active elements are added to this glass coat 6
uniformly in a high concentration. In this case, the two
optical fibers 1a and 1b are heated and extended, and are
fused together at the respective thinner portions 4a and 4b,
which are formed previously. Furthermore, the glass coat 6
with the active elements added is adhered to the thinner
portions 4a and 4b. According to this process, the optical
coupler shown in FIG. 3 may be obtained.

In the optical coupler shown in FIG. J, 1f the signal light
is incident to a core portion 11a of the optical fiber 1a and
the exciting light is incident to another core portion 11b of
the optical fiber 1b, then the light leaks out on the glass coat
6 adhered to the periphery of respective thinner portions 4a
and 4b at a fused portion 7 to exhibit the light amplifying
ability as hereinbefore described. At this time, as a cladding
portion is not specially doped with rare earth elements, there
is no light loss from that portion.

The following is a method for preparing and applying the
sol-gel to the optical fiber. First, the optical fiber 1 1s heated
by the bumer fiame 3 through the silica plate 2, then, a
thinner portion 4 is formed in the longitudinal direction of
the optical fiber 1. Next, tetramethoxy silane 10 ml, ethyl
alcohol 15 ml, water 10 ml, hydroehloric acid (12 M) 0.12
ml, polyethylene glycol 0.8 g, erbium chlonde (ErC13-6H,
0)0.19 g are mixed and stirred for half an hour by a magnetite
stirrer. The above optical fiber 1 is impregnated in active
clement addition sol § thus produced, thereafter the optical
fiber 1 is taken out and sol-like coat 81 is formed on the
thinner portion 4 mentioned above. Then the resultant prod-
uct is dried for about 12 hours in the atmosphere, after that,
the dried product is heated for an hour at 500° C. 1n an
electric furnace to sinter it, and after making the coat 31
transparent, the glass coat 6 is obtained.

In this way, optical fiber components capable of satisfac-
torily exhibiting a light amplificaion ability have been
obtained.

The active elements are not limited to Erbium employed
in the present embodiment. For example, any of the ele-
ments described below my also be employed, namely: Sc
(scandium), Y (yttrium), La (lanthanum), Ce (cerium), Pr
(praseodymium), Nd (neodymium), Pm (promethium), Sm
(samarium), Eu (europium), Gd (gadolinium), Tb (terbtum),
Dy (dysprosium), Ho (holmium), Tm (thulium), Yb (ytter-
bium), Lu (lutetinm), Ti (titanium), V (vanadium), Cr {(chro-
mium}, Mn (manganese), Fe (iron), Co (cobalt), N1 (nickel),
Cu (copper), Zr (zirconium), Nb (niobium), Mo (molybde-
num), Tc (technetium), Ru (rutherium), Rh (rhodium), Pd
(palladium), Ag (silver), Hf (hafnium), Ta (tantalum), W
(tungsten), Re (rhenium), Os (osmium), Ir (indium), Pt
(platinum), Au (gold), and actinoid. In addition, the glass
coat forming the light amplifying section, is preferred to
have a refraction factor 1% less than that of the cladding. In
such a case, the light leaking out to the glass coat easily
returns to the core portion from the cladding portion, hence
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highly efficient light amplification and light propagation are
nossible,

In addition, the forming of the thinner portion is not
limited to process of heating and extending the optical fiber.
For example, the cladding portion of the spun optical fiber
may be chemically etched to partially remove the cladding
portion so that the thinner portion of transparent material of
the cladding portion remains. Alternatively, a part of the
cladding portion of the spun optical fiber may be ground to
be removed so as to remain the thinner portion of the
transparent material of the cladding portion. Furthermore,
using a plural of optical fibers formed by the method
mentioned above and fusing together respective thinner
poriions, an optical coupler may also be produced. To the
thinner portions thus produced, the sol-like glass with active
elements is added as in the foregoing embodiment, and this
sol-like glass is further converted into a gel and sintered, to
form a transparent glass coat. In this way, optical fiber
components capable of satisfactorily amplifying light might
be obtained when provided with the light amplifying por-
tion. As hereinbefore described, according to the present
invention, the light amplifying portion formed at the thinner
portion of the cladding is a glass coat formed by the sol-gel
method. Therefore, the active elements are added in high
concentration to the portions contributing to the light ampli-
fication ability of the optical fiber, thereby obtaining optical
fiber components capable of efficient light amplification,
laser oscillation, and light propagation. Furthermore, the
refraction factor of the light amplifying portion 1s also made
lower than that of the cladding portion, thus the optical fiber
components exhibiting light amplification ability more sat-
isfactorily can be formed.

From the invention thus described, it will be obvious that
the invention may be varied in many ways. Such vanations
are not to be regarded as a departure from the spirit and
scope of the invention, and all such modifications as would
be obvious to one skilled in the art are intended to be
included within the scope of the following claims.

We claim:

1. An optical fiber component including an optical fiber
comprising:

a core portion formed of transparent material with a first

refractive 1index;

a cladding portion formed of transparent material with a
second refractive index smaller than said first refractive
index and located adjacent to the core portion, having
a thin portion, which has a thinner diameter than the
cladding portion, in at least a part of the cladding
portion in a longitudinal direction of the optical fiber;
and

a light amplifying portion located at the thin portion, the
light amplifying portion containing [a sol which has]
active elermnents having a light amplification ability,
said light amplifying portion being made by a process
comprising the steps of applying a sol containing said
active elements and a polyethylene glycol to said thin
portion, drying said sol, and sintering said sol to
thereby form said light amplifying portion.

2. An optical fiber component according to claim 1,
wherein the thin portion completely surrounds the core
portion in the outer circumferential direction, the light
amplifying portion being provided over all of the thin
portion.

3. An optical fiber component according to claim 1,
wherein the active elements are added to the light amplify-
ing portion uniformly in a high concentration.
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4. An optical fiber component according to claim 3,
wherein the active element is a rare earth element.

5. An optical fiber component according to claim 3,
wherein the active element is a transition metal.

6. An optical fiber component according to claim 1,
wherein the light amplifying portion has a lower refractive
index than that of the cladding portion.

7. An optical fiber component according to claim 6,
wherein the light amplifying portion has a refractive mdex
which is approximately 1 percent less than that of the

cladding portion.
8. A method of producing an optical fiber component

comprising the steps of:
forming by spinning an optical fiber having a core portion
formed of translucent material with a first refractive
index and a cladding portion formed of transparent
material with a second refractive index smaller than
said first refractive index;

thinning a portion of the cladding portion in a longitudinal
direction of the optical fiber to make a thin portion; and

penetrating the thin portion of the cladding portion with a
sol which has active ions and polycthylene giycol to
make a light amplifying portion located at the thin
NOTHON.

9. A method of producing an optical fiber component
according to claim 8, wherein the thinning step comprises
the step of thinning the cladding portion by heating and
extending the optical fiber.

10. A method of producing an optical fiber component
according to claim 8, wherein the thinning step comprises
the step of thinning the cladding portion by chemically
etching at least part of the transparent maternal in the outer
circumferential direction of the cladding portion.

11. A method of producing an optical fiber component
according to claim 8, wherein the thinning step comprises
the step of thinning the cladding portion by mechamcally
grinding at least part of the transparent material in the outer
circumferential direction of the cladding portion.

12. A method of producing an optical fiber component
according to claim 8, wherein the light amplifying portion 1s
made of a glass coat with active elements added uniformly.

13. An optical coupler comprising:

a first core portion made of transparent material with a
first refractive index;

a first cladding portion made of transparent material with
a second refractive index smaller than said first refrac-
tive index and located adjacent to the first core portion,
the first cladding portion having a thin portion, which
has a thinner diameter than the first cladding portion, in
a longitudinal direction of at least a part of the cladding
portion;

a second core portion made of transparent material with
the first refractive index;

a second cladding portion made of transparent material
with the second refractive index and located adjacent to
the second core portion, the second cladding portion
having a thin portion, which has a thinner diameter than
the second cladding portion, in a longitudinal direction
of at least a part of the cladding portion, and the thin
portion of the first cladding portion 1s fused to the thin
portion of the second cladding portion; and

a light amplifying portion located at the fused thin por-
tions [and contains a sol which has] containing active
ions having a light amplification ability, said light
amplifying portion being made by applying a sol con-
taining said active ions and polyethyiene glycol to said
thin portions, drying said sol, and sintering said sol.
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14. An optical coupler according to claim 13, wherein the
active ions are uniformly distributed in the sol.

15. An optical coupler according to claim 13, wherein the
light amplifying portion has a refractive index lower than
that of the fused portion of the cladding portions.

16. An optical coupler according to claim 15, wherein the
light amplifying portion has a refractive index approxi-
mately 1 percent less than that of the fused portion.

17. A method of producing an optical coupler comprising
the steps of;

forming at least two optical fibers, each of which has a
core portion formed of translucent material with a first
refractive index and a cladding portion formed of

10
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transparent material with a second refractive index
smaller than said first refractive index and located
adjacent to the core portion;

thinning a portion of the cladding portion in a longitudinal
direction of the optical fiber to make a thin portion on
cach optical fiber;

fusing the thin portions together; and

forming a light amplifying portion onto the fused thin
portions by penetrating the fused thin portion with a sol
which has active elements capable of amplifying light
and polyethylene glycol.

. . S T .
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