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(57) On réalise un coupleur pour fibres optiques, formant
une gaine, en insérant des portions dénudées d’une
pluralité de fibres optiques dans le trou traversant (14)
d’un tube en verre, en provoquant ’affaissement de la
région médiane (15) de ce tube sur les fibres et en étirant
la portion centrale de la région médiane du tube. Le
procédé fait appel & un tube en verre (10) dont le trou
traversant comprend une portion circulaire et un creux.
Plusieurs fibres optiques (21, 22) sont insérées
successivement dans le tube par glissement de
Iextrémité gainée dans la portion centrale du trou
traversant jusqu’a ce que la portion dénudée (23, 24) de
la fibre soit centrée dans le tube. La portion dénudée de
la fibre est ensuite transférée latéralement dans le creux
du trou traversant (14). Apres avoir introduit toutes les
fibres dans la portion circulaire du trou traversant et les
avoir transférées vers le creux, une fibre de remplissage
(28) est insérée dans la portion circulaire du trou
traversant. Le coupleur résultant présente une perte
d’excédent faible.

I*I Industrie Canada  Industry Canada

(57) Overclad fiber optic couplers are made by inserting
the uncoated portions of a plurality of optical fibers into
the bore (14) of a glass tube, collapsing the tube
midregion (15) onto the fibers and stretching the central
portion of the tube midregion. The present method
utilizes a glass tube (10) the bore of which includes a
circular portion and a recess. A plurality of optical fibers
(21, 22) are sequentially inserted into the tube by
threading the coated end into the circular bore portion
until the uncoated portion of fiber (23, 24) is centered in
the tube. The uncoated portion of fiber is then transferred
laterally into the bore (14) recess. After all fibers have
been threaded into the circular bore portion and
transferred to the recess, a filler fiber (28) is inserted into
the circular bore portion. The resultant coupler exhibits
low excess loss.
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(57) Abstract

Overclad fiber optic couplers are made by inserting the uncoated portions of a plurality of optical fibers into the bore (14) of a glass
tube, collapsing the tube midregion (15) onto the fibers and stretching the central portion of the tube midregion. The present method utilizes
a glass tube (10) the bore of which includes a circular portion and a recess. A plurality of optical fibers (21, 22) are sequentially inserted
into the tube by threading the coated end into the circular bore portion until the uncoated portion of fiber (23, 24) is centered in the tube.
The uncoated portion of fiber is then transferred laterally into the bore (14) recess. After all fibers have been threaded into the circular bore

portion and transferred to the recess, a filler fiber (28) is inserted into the circular bore portion. The resultant coupler exhibits low excess
loss.
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Method of Making Fiber Optic Couplers

BACKGROUND OF THE INVENTION

The present invention relates to overclad fiber optic
couplers that exhibit low excess loss.

Overclad fiber optic couplers comprise.an elongated
matrix glass body through which optical waveguide fibers
1ongitudinally extend. The diameter of the central region
of the coupler is smaller than that of the ends of the
coupler, whereby the fibers are more closely spaced and are
of smaller diameter in the central region than they are at
the ends of the unit.

Overclad couplers are usually formed by inserting into
the bore of a glass tube at least a portion of each of a
plurality of optical fibers so that the fiber portions
occupy the midregion of the tube. The tube bore has
funnels at each end to facilitate fiber insertion. The
resultant coupler preform is evacuated, and its midregion
is heated and collapsed onto the fibers. The central
portion of the midregion is thereafter drawn down to that
diameter and coupling length which is necessary to obtain
the desired coupling between the fibers. Often, a sealant
such as UV curable epoxy is then applied to the ends of the
tube bore for stabilization of the coupled fibers.

Couplers having various kinds of coupling characteristics,
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e.g. wavelength division multiplexer (WDM), achromatic, and
the like, have been made by this process. See for example,
U.S. pat. Nos. 4,931,076, 4,979,972, 5,009,692 and
5,011,251.

When the tubing glass is collapsed around the fibers,
the fibers are subjected to forces that bend them.
Ooverclad coupler process reproducibility and excess loss
are significantly impacted by this bending of the fibers
and by the reproducibility of the fiber geometry in the
coupler preform prior to the stretch step. Depending on
the location of the fibers within the bore and upon such
factors as twist, tension, and the like, during the tube
collapse step, the resultant couplers can exhibit high
variability and high excess loss. 4

For certain types of couplers, for example, 1xN
couplers where N:2, the problem of fiber twist during the
tube collapse step was remedied by employing a small
diameter tube bore. See U.S. patent 4,979,972. The
coupler is formed of standard single-mode fiber having an
outside diameter of 125 um and a 250 um coating diameter.
Coating is stripped from a central portion of a first fiber
intermediate its ends, thus leaving two coated end
portions. Coating is also stripped from an end portion of
a second fiber. The diameter of the tube bore is made as
small as possible so that the walls thereof will need to
undergo a minimum of inward movement before total collapse
onto the fibers is achieved. A bore size that is
sufficiently larger than the coating diameter, for example
270 um, will permit one coated end portion of the first
fiber to be threaded through the bore without coating
material rubbing onto the surface of the bore. The
stripped end of the second fiber can be inserted into the
bore simultaneously with the stripped portion of the first
fiber or after the stripped portion of the first fiber has

been centered in the tube midregion. 1In either event, the
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stripped portions of the two fibers can be centered in the
midregion of a tube having a bore that is only slightly
larger than the combined diameter of the two stripped fiber
portions. Devices having very low excess loss have been
made by this technique.

However, as the coating diameter becomes larger than
twice the fiber diameter, the tube bore diameter must be
made iarger in order to accommodate the coating. The
larger diameter bore will adversely affect device excess
loss.

A coupler having more than one fiber that is stripped
in its central portion, such as a 2x2 coupler, also
requires a relatively large bore. ©One fiber can be
threaded through the bore until the stripped portion is
centered in the tube midregion and the ends of the coated
portions are located in the funnels. The second fiber is
then threaded through the bore by first inserting one of
its coated end portions. Thus, the bore diameter must be
slightly larger than the combination of the fiber diameter
plus the ccoating diameter. When using this combination of
fibers and tube, fibers can easily become twisted during
the tube collapse step, and the resultant device can
therefore exhibit large excess loss.

One attempt at preventing fiber bending during the
tube collapse step was to fill any excess space in the tube
bore with spacer fibers composed of material which is the
same as or similar to that of the tube. The idea is that
the spacer fiber will prevent twisting or bending of the
optical fibers by reducing space in the tube bore by
creating a tighter fit. While this method will produce a
high reliability coupler with low excess loss, it is
cumbersome and not likely to be automated.

Fiber optic couplers having low polarization dependent
loss can be made by employing a tube that has a relatively
hard glass (high silica content) in the region adjacent the
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fibers. However, when tubes having conventionally shaped
bores (for example, circular cross-section bores) are
formed of such high silica content glass, the problem of
fiber bending during tube collapse can be exacerbated, and

excess loss can be increased.
SHMMABI_QE_IHE_IHYEHIIQN

It is therefore an object of the present invention to

provide an easily manufacturable overclad fiber optic
coupler having low excess loss. Another object is to
provide a method of manufacturing overclad fiber optic
couplers that exhibit both low polarization dependent loss
(PDL) and low excess loss. A further object of the
invention is to provide a method of making a fiber optic
coupler wherein the fibers are secured in place during the
tube collapse step, whereby the coupler preform exhibits
reproducibility of fiber geometry prior to the coupler
preform stretch step.

Briefly, the present invention relates to a method of
making an overclad fiber optic coupler and the resultant
low loss coupler. Employed in this method is a glass tube
having first and second end surfaces, a midregion and first
and second opposite end regions extending from the
midregion to the end surfaces. A longitudinal bore extends
within the tube. The bore has a first portion and a recess
extending from the first portion. The recess is capable of
receiving two or more uncoated optical fibers. Protective
coating is stripped from a first optical fiber such that it
is composed of an uncoated portion that joins first and
second coatéd portions. Protective coating is stripped
from a portion of a second optical fiber such that it is
composed of uncoated and coated portions. The optical
fibers are inserted into the bore such that the uncoated

portions are located within the recess. The step of
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inserting the optical fibers includes inserting the coated
end of the first optical fiber into the first portion of
the bore, threading the first optical fiber through the
bore until the uncoated portion extends through the first
portion of the bore, and traﬁsferring the uncoated portion
of the first optical fiber from the first portion of the
bore into the recess. Thereafter, a filler fiber is
inserted into the first portion of the bore. The tube is
heated to collapse the tube midregion onto the fibers, and
at least a portion of the midregion is drawn such that the
diameter of the portion of the midregion is smaller than
the diameters of the tube at the end regions. .

The recessed portion of the bore can be provided with
one or more longitudinal grooves capable of receiving
additional fibers that are to be coupled.

The resultant low loss fiber optic coupler comprises
an elongated body of matrix glass with a neckdown region in
the center of the tube where the diameter of the coupler is
less than the diameter at the ends and where the stripped

fibers are fused along a portion of their lengths.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross-sectional view of the glass preform
tube used for forming the fiber optic couplers of this
invention.

Fig. 2 is a cross-sectional view of a fiber optic
coupler preform.

Fig. 3 is a cross-sectional view taken along the line
3-3 of Fig. 2.

Figs. 4-10 illustrate various preform tube bore
shapes.

Fig. 11 is a partial cross-sectional view of a coupler

that is sealed at both ends.
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Fig. 12 is a cross-sectional view taken along line 12-12
of Fig. 11.

Fig. 13 is a cross-sectional view of a fiber optic
coupler preform. '

The drawings are not intended to indicate scale or

relative proportions of the elements therein.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A typical embodiment of the glass preform tube of this
invention is illustrated in Figs. 1-4. Tube 10 has a
longitudinal bore 14 that is connected to end surfaces 18 and
19 by funnels 12 and 13. The tube has a midregion 15 and
opposed end regions 16 and 17 between the midregion and end
surfaces 18 and 19, respectively.

The cross-sectional configuration of bore 14 is described
as it appears in a plane perpendicular to the central
longitudinal axis of tube 10. Bore 14 includes a first
portion 30 and a recess 29 extending from the first portion.
The minimum cross-sectional dimension of portion 30 is greater
than the diameter d of fiber coatings 25 and 26. Recess 29 is
a cavity that extends from portion 30; it has an oblong cross-
sectional shape. Bore 14 is created by collapsing a glass
tube around a carbon rod having a cross-sectional shape that
will correspond to the desired bore shape and subsequently
burning out the carbon rod as disclosed in U.S. patent
4,750,926. This process leaves a longitudinal bore through
the interior length of the tube. Funnels 12 and 13 can be
etched in accordance with the method described in U.S. patent
5,152, 816.

A filler fiber 28 extends through first portion 30.
Coated optical fibers 21 and 22 have coated portions 25 and
26, respectively, and unccated or stripped portions 23 and 24,
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respectively. Uncoated portions 23 and 24 extend in proximal
arrangement through recess 29. The cross-sectional length 1
of the recess is approximately equal to the sum of the
diameters D of uncoated optical fibers 23 and 24. The cross-
sectional width w of recess 29 is slightly greater than the
diameter D of uncoated optical fiber 23 or 24. Uncoated
optical fibers 23 and 24 preferably fit into recess 29 such
that they are separated from the recess walls by only a few
micrometers. There is preferably a similar fit between filler
fiber 28 and portion 30. When the fibers are packed in the
recess in this manner, the tube needs to flow only a small
amount in order to fill any voids in the coupler preform
during tube collapse. Thus, this arrangement results in the
least amount of fiber twist during tube collapse. However,
the relatively tight-fitting arrangement described above is
not a necessity. For example, couplers having low excess loss
were made from coupler preforms in which the diameter of the
circular portion of the bore was 30 um larger than the
diameter of the filler fiber.

The refractive index of the filler fiber should be less
than the refractive index of the claddings of the optical
fibers and is preferably equal to or greater than the
refractive index of that portion of the tube adjacent to the
bore. To avoid any adverse impact the optical characteristics
of the resultant coupler, the refractive index of the filler
fiber should be substantially the same as that of the inner
region of the tube adjacent bore 14. The filler fiber is
ideally composed of the same material as that from which the
inner region of the tube is formed.

In the embodiments of Figs. 5 and 6, elements similar to
those of Fig. 4 are represented by primed reference numerals.
Fig. 5 illustrates that the cross—-sectional shape of the

filler fiber 28' need not be the same cross-sectional shape as
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the first portion 35 of the bore. During the tube collapse
step, the corner regions of the square-shaped first portion 35
will gradually collapse onto circularly-shaped filler fiber
28' until the voids are eliminated.

Fig. 6 shows that the cross-sectional shape of the filler
fiber can be other than c¢ircular. Although filler fiber 39
and first bore portion 38 are shown as being square, other
shapes could be employed. However, it is required that the
fiber coating can fit within the first bore portion and that
the sizes and shapes of the first bore portion and the filler
fiber are such that the filler fiber secures the.uncoated
fiber portions in the recess during tube collapse.

It is noted that a circularly-shaped filler fiber is the
simplest to make, since surface tension acts on a fiber as it
is being drawn to tend to make it circular. Thus, a perfectly
square preform would become rounded at its corners while it is
being drawn to a fiber. 1In a preferred embodiment, the cross-
sectional shapes of both the first bore portion and the filler
fiber are round.

Figs. 7-10 show other bore cross-sectional shapes;
specifically, different recess shapes capable of receiving a
plurality of stripped fibers. Each of these figures shows a
circularly-shaped first bore portion 30 and a filler fiber 28.
Fig. 7 shows three uncocated optical fibers 51, 52 and 53 in
proximal contact along an oblong recess 54. In the embodiment
of Fig. 8, a recess 65 confines uncoated optical fibers 62 and
63. Recess 65 has grooves 66 and 67, that are capable of
receiving uncoated optical fibers 61 and 64, respectively.
Grooves 66 and 67 are located in such a way with respect to
recess 65 that the four uncoated optical fibers 61-64 form a
diamond shaped array. Fig. 9 shows a further embodiment that
is capable of supporting five unccated optical fibers 71-75,

A recess 76 supports fibers 71, 73 and 74. Recess 76 contains
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grooves 77 and 78 for receiving uncoated optical fibers 72 and
75, respectively. Grooves 77 and 78 are located in such a way
with respect to recess 76 that the five uncoated optical
fibers form a cross shape when aligned in proximal
arrangement. In Fig. 10, a recess 84 confines uncoated
optical fibers 81 and 83, and a groove 85 confines uncoated
optical fiber 82. Groove 85 is located in such a way with
respect to recess 84 that the three uncoated optical fibers
81-83 form a triangular array.

In Figs. 7-10 the length of each recess is approximately
equal to the sum of the diameters of uncoated optical fibers
that are disposed therein, and the width of each recess is
approximately equal to the ‘diameter of an uncoated optical
fiber. The length and width of each groove is about egqual to
the diameter of an uncoated optical fiber.

Assuming that standard 125 pm single-mode optical fibers
are employed in the manufacture of optical couplers, the
following dimensions could be employed. 1In the embodiments of
Fig. 7 and 9, the length of recesses 54 and 76 could ‘be -about
380 um. The length of recesses 29, 65 and 84 could be about
255 pm. The length of grooves 66 and 67 of Fig. 8 and groove
85 of Fig. 10 could be about 130 um, and the length of
grooves 77 and 78 of Fig. 9 could be about 130 pm. The width
of each recess and groove is about 127-132 um.

It is noted that most of the embodiments (see Figs. 4, 7,
8 and 9) have a non-circular, bilaterally symmetrical
longitudinal bore. As used herein, the term "bilaterally
symmetrical" means that the bore is symmetrical with respect
to a first plane parallel to the central longitudinal axis of
the bore (see plane 31 of Fig. 4), but it is not symmetrical
with respect to a any plane parallel to the central
longitudinal axis of the bore and perpendicular to the first

plane.
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Preform tubes of the type described above can be employed
in the manufacture of optical fiber couplers in accordance
with the following examples.

A preform tube having the cross-sectional configuration
of Figs. 3 and 4 can be employed in the following method to
make a 2x2 coupler. As shown in Fig. 2, coating material is
stripped from a portion of each of the coated optical fibers
21 and 22 intermediate its ends. The length of the uncoated
portions is slightly shorter than the length of tube 10. The
end of a coated portion 25 of optical fiber 21 is threaded
through the circular portion 30 of bore 14 until the uncoated
portion 23 of the fiber is longitudinally centered in the
tube. Fiber 21 is moved laterally to transfer uncoated
portion 23 into the bottom of recess 29. The end of a coated
portion 56 of optical fiber 22 is then threaded through
circular portion 30 of bore 14 until the uncoated portion 24
of the fiber is longitudinally centered in the tube. Fiber 21
is moved laterally to place uncoated portion 24 against
uncoated portion 23 in recess 29. As shown in Fig. 2, the
coated portions of the fibers typically extend into funnels 12
and 13. Filler fiber 28 is inserted into the circular portion
30 of bore 14. The filler fiber secures the optical fibers
into the recess and restricts movement or bending of the
fibers during subsequent steps. )

The resultant coupler preform is then heated to collapse
the tube midregion onto the filler fiber and the optical
fibers, and at least a portion of the midregion is stretched
until the desired coupling properties are obtained. A single
heating step can be employed for both the collapse and stretch
steps. Alternatively, after the tube midregion has been
collapsed, the coupler preform can be reheated for the stretch
step. In some instances, more than one stretch step is

employed, each having a separate heating step.
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The resultant fiber optic coupler is shown in Fig. 11l.
The coupler comprises an elongated body of matrix glass 91
with a neckdown region 92 and two opposite end regions 94 and
95. Epoxy 93 can then be added to the fibers in the end
regions of the tube as taught in U.S. Pat. No. 5,009,692,
Each end region has multi-part bore from which extends two
coated optical fiber portions 21 and 22. 1In the neckdown
region 92, the optical fibers are fused along a portion of
their lengths forming a coupling region 96 as shown in Fig.
12. The filler fiber 28 fuses with and becomes part of the
surrounding tube structure in the coupling region. A
consequence of using a preform tube of this invention to form
the coupler of Fig. 11 is that the geometrical center of the
fibers in the coupling region does not fall on the central
longitudinal axis of the neckdown region as shown in Fig. 12.
It can also be observed from Fig. 11 that the diameter of the
neckdown region is less than that of the end regions.

Couplers made in accordance with the above example
exhibit an excess loss as low as 0.1 dB.

.Other types .of .couplers, namely 1x4 couplers and 2x4
couplers, made by the method of this invention also exhibited
an excess loss as low as 0.1 dB. The methods employed to make
1x4 and 2x4 couplers used tubes having the bore configurations
of Figs. 9 and 8, respectively.

Couplers of the 2x2 type were formed in accordance with
U.S. patent 5,251,277, whereby the inner region of the tube
was formed of a relatively hard glass. As expected, the PDL
was very low, namely 0.2 dB. Even though the inner region of
the tube that collapsed onto the fibers was relatively hard,
the excess loss was as low as 0.1 dB. '

The method of the invention can also be used to make
coupler preforms that employ at least one coated optical fiber
that is stripped at one end. Referring to Fig. 13, tube 97
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has a bore 98 and funnels 99 and 10l1. The cross-sectional
configuration of bore 98 is the same as that of bore 14 of
Fig. 3. Coating material is stripped from a portion of coated
optical fiber 102 intermediate its ends to form coated
portions 104 and uncoated portion 106. Coating material is
stripped from a portion of coated optical fiber 103 at one end
thereof to form coated portion 105 and uncoated portion 107,
The lengths of uncoated portions 106 and 107 are slightly
shorter than the length of tube 97. Uncoated portion 107
could be inserted into the circular portion of bore 98 and
then moved laterally to position it in the bottom of the bore
recess. Alternatively, uncoated portion 107 could be inserted
directly into the recess of bore 98. The end of a coated
portion 104 of optical fiber 102 is then threaded through the
circular portion of bore 98 until the uncoated portion 106
thereof is longitudinally centered in the tube. Fiber 102 is
moved laterally to place uncoated portion 106 against uncoated
portion 107 in the recess portion of bore 98. Filler fiber
111 is then inserted into the circular portion of bore 98. As
in the previous embodiments, the filler fiber secures uncoated
portions 106 and 107 into the recess.

It is noted that uncoated portion 106 could be inserted
first so that it is positioned in the bottom of the recess.
However, it is preferred that uncoated portion 107 be
positioned in the bottom of the recess and uncoated portion
106 be positioned over portion 107 since portion 106 has two
uncoated ends that can be employed to move portion 106
laterally to ensure that both uncoated portions are within the
entire length of the recess at the time that the filler fiber
111 is inserted.

The resultant coupler preform is then heated to collapse
the tube midregion and to stretch at least a portion of the

tube midregion to form a coupler as described above. The
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resultant fiber optic coupler is similar to that shown in Fig.
11 except that two coated fiber portions extend from one end
thereof and only one coated fiber portion extends from the
other end.
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I Claim:
1. A method of making a fiber optic coupler comprising the
steps of:

providing a glass tube having first and second end
surfaces, a midregion and first and second opposite end
regions extending from said midregion to said first and
second end surfaces, respectively, and a longitudinal bore
extending within said tube, said bore having a first portion
and a recess extending from said first portion, said recess
being capable of receiving two or more uncoated optical- -fibers
in proximal arrangement;

stripping protective coating from at least one optical
fiber such that said at least one fiber is composed of an
uncoated portion that joins first and second coated portions;

stripping protective coating from a portion of another
optical fiber such that said at least one fiber is composed of
uncoated and coated portions;

inserting said optical fibers into said bore such that
said uncoated portions are located within said recess, the
step of inserting said optical fibers including inserting the
coated end of said at least one optical fiber into the first
portion of said bore, threading said at least one optical
fiber through said bore until the uncoated portion extends
through said first portion of said bore, and transferring the
uncoated portion of said at least one optical fiber from said
first portion of said bore into said recess;

thereafter, inserting a filler fiber into sa1d first
portion of said bore;

heating said tube to collapse said tube midregion onto
said fibers; and

drawing at least a portion of said midregion such that
the diameter of said portion of said midregion is smaller than

the diameters of said tube at said end regions.




10

15

20

25

30

CA 02238517 1998'-05-26

WO 97/21125 PCT/US96/19741

-15-

2. The method of claim 1 wherein the uncoated portion of
each of said optical fibers is initially positioned in the
first portion of said bore and then transferred laterally into

said recess.

3. The method of claim 1 wherein the steps of stripping
coating from said at least one and said another optical fibers
comprise stripping protective coating from a plurality of
optical fibers such that each optical fiber is composed of an
uncoated portion that Jjoins first and second coated portions.

4. The method of claim 3 wherein the step of inserting
comprises inserting a coated end of a first of said optical
fibers into the first portion of said bore and threading said
first fiber through the first portion of said bore until the
uncoated portion thereof extends through said first portion of
said bore, transferring the uncoated portion of said first
optical fiber from said first portion of said bore into said
recess, and sequentially inserting a coated end of each of the
remainder of said plurality of optical fibers into the first
portion of said bore until the uncoated portion thereof
extends throudh said first portion of said bore, and
transferring the uncoated portion thereof from said first

portion of said bore into said recess.
5. The method of claim 1 wherein said bore comprises a
substantially circular portion and an adjacent non-circular

portion that forms said recess.

6. The method of claim 5 wherein said filler fiber is

circular in cross-section.
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7. The method of claim 1 wherein said recess is an oblong
cavity with a width commensurate with the diameter of said
uncoated fibers and a length commensurate with the sum of the

diameters of said uncoated fibers.

8. The method of claim 7 wherein said oblong cavity includes
a longitudinal groove capable of receiving said uncoated
fibers, said groove having a width commensurate with the
diameter of said uncoated fibers and a length commensurate
with the diameter of said uncoated fibers.

9. The method of claim 7 wherein said oblong cavity includes
a plurality of longitudinal grooves capable of receiving said
uncoated fibers, said grooves having a width commensurate with
the diameter of said uncoated fibers and a length commensurate
with the diameter of said uncoated fibers.

10. A glass preform tube for forming a fiber optic coupler
that incorporates at least two optical fibers, each having a
core, a cladding of diameter D and a protective coating of
diameter 4 on said cladding, said tube having a longitudinal
bore, the cross-sectional coniiguration of which includes a
first portion and an adjacent non-circular portion forming an
oblong recess having a width commensurate with the diameter of
an uncoated optical fiber and a length commensurate with the
sum of the diameters of a plurality of uncoated optical
fibers, the minimum cross-sectional dimension of said first

portion being at least as large as said diameter d.

11. The preform tube of claim 10 wherein said first portion

is substantially circular in cross-section.
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12. The preform tube of claim 10 wherein said oblong recess
further includes at least one longitudinal groove having a
width larger than D and a length larger than D.

13. The preform tube of claim 10 wherein said bore is
bilaterally symmetric.

14. A fiber optic coupler comprising an elongated body of
matrix glass having a neckdown region and two opposite end
regions each having a non-circular longitudinal bore, and at
least two optical fibers, each having a core surrounded by a
cladding of diameter D, said fibers being fused together along
a portion of their lengths in said neckdown region to form a
coupling region and not being fused in each of said two
opposite end regions, the cross—sectional configuration of
said bore including a first portion and an adjacent non-
circular portion forming an oblong recess having a width
greater than D, said fibers being situated in said recess in
said end regions, at least one of said fibers extending beyond
one end of said tube, and at least two of said fibers
extending beyond the remaining end of, said tube, those
portions of said fibers that extend beyond the ends of said
tube having a coating of diameter d, the minimum cross-
sectional dimension of said first portion of said bore being

equal to or greater than d.

15. The fiber optic coupler of claim 14 wherein the cross-
sectional configuration of said bore is bilaterally symmetric.

16. The fiber optic coupler of claim 14 wherein the geometric
center of said coupling region is not located on the central

longitudinal axis of said neckdown region.
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17. The fiber optic coupler of claim 14 wherein the diameter
of said neckdown region and the diameters of said optical
fibers in said coupling region are smaller than their

respective diameters at said opposite end regions.
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