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(57) Abrégée/Abstract:

In an optical fiber array, an optical fiber, a bundle of optical fibers or an optical fiber ribbon is mounted on an array substrate with a V-
groove or V-grooves. A bare fiber portion in which a fiber coating Is removed Is placed In the V-groove, pressed by a presser
member and bonded by adhesives. At the front end, the fiber(s) is/are accurately positioned to connect to optical components or
PLCs. The bare fiber portion contains a spliced portion of the dissimilar optical fibers having different mode field diameters and a
mode field converting portion. The spliced portion of the dissimilar optical fibers iIs mounted on the array substrate. A flexible
protection member Is provided In the fiber coating portion extending over a rear edge of the array substrate. The optical fiber Is

bonded onto the array substrate, employing three kinds of adhesives that are different in the Young's modulus after hardening and
the viscosity before hardening.
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ABSTRACT

In an optical fiber array, an optical fiber, a bundle
of optical fibers or an optical fiber ribbon is mounted on
an array substrate with a V-groove or V-grooves. A bare
fiber portion in which a fiber coating is removed 1is placed
in the V-groove, pressed by a presser member and bonded by
adhesives. At the front'end, the fiber(s) is/are
accurately positioned to connect to optical components or
PLCs. The bare fiber portion contains a spliced portion of
the dissimilar optical fibers having different mode field
diameters and a mode field converting portion. The spliced
portion of the dissimilar optical fibers 1s mounted on the

array substrate. A flexible protection member is provided

in the fiber coating portion extending over a rear edge of
the array substrate. The opticai fiber 1s bonded onto the
array substrate, empldying three kinds of adhesives that
are different in the Young’s modulus after hardening and

the viscosity before hardening.
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OPTICAL FIBER ARRAY

Background of the Invention

Field of the Invention

5 The present invention relates to an optical fiber array
in which an optical fiber, a bundle of optical fibers or an
optical fiber ribbon is attached and fixed on an array substrate
and which is useful for connecting an optical fiber or an optical

fiber ribbon tooptical componentsor aplanar light wave circuit

10 (PLC) .

Description of the Related Art

Inanoptical fiber communication system, anoptical fiber

array is employed to connect an optical fiber to optical

15 components or PLC. The optical fiber array usually comprises
an array substrate provided with V-grooves, each V-groove being

for positioning an end portion of an optical fiber, and a lid

for pressingtheendportionof theoptical fiber intheV-groove.

The optical fiber includes an optical fiber and an optical fiber

20 ribbon in which a plurality of optical fibers are integrally
bundled with a tape or resin. The optical fiber array 1is
manufacturedbypositioning the end portionof theoptical fiber

in the V-groove, pressing the end portion of the optical fiber

in the V-groove with the lid, bonding the optical fiber on the

2 array substrate, using the adhesives, and then polishing the
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front end portion of the array substrate where an end face of
the optical fiber 1s exposed.

In recent years, an optical fiber 1s requlired to connect

to a PLC (PLCs) having a mode field diameter (a smaller mode
field diameter than ITU-T standard size) different from a
standard single mode optical fiber. In this case, an optical
fiber having a small mode field diameter 1s employed for
connection with the PLC, and an optical fiber having a standard
mode field diameter is employed for connection with a cable
side. In the optical fiber array for use to make connection
with the PLC, the optical fiber having the smaller mode field
diameter is fusion spliced at a top end of the optical fiber
having the standard mode field diameter, causing a large splice

loss.

In splicing a non—-standard optical fiber and the standard
single mode optical fiber which have different mode field
diameters, it is difficult to obtain a practical splice loss
only by normal fusion splicing teChnique. Conventionally, a
method is known in which optical fibers are fusion spliced and
then a spliced portion of the optical fibers is additionally
heated (Thermally Expanded Core, hereinafter referred to as
TEC or TEC process) to reduce the splice loss (e.g., refer to
JP2618500 and JP-A-2000-275470). With such an additional
heating, a dopant added to the core portion of the optical fiber

is thermally diffused to the cladding portion of the optical
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fiber to cause an expand of the mode field diameter locally.
Thus, the mode field diameters of the optical fibers at the

spliced portion are coincident with each other.

Summary of the Invention

It 1is an object of the invention to provide an optical
fiber array that can be miniaturized in the size, can prevent
an optical fiber from being broken when it is bent or a tensile
load 1s applied to it, and can prevent an increase in the
transmission loss due to a temperature change.

According to the present invention, there is provided
an optical fiber array comprising: an Optical fiber/optical
fibers formed by splicing dissimilar optical fibers having
different mode field diameters, each the optical fiber having
a fiber coating portion which a fiber coating is applied and
a bare fiber portion which the fiber coating is removed, the
bare fiber portion having a spliced portion of the dissimilar
optical fibers; an array substrate for mounting the optical
fiber(s) thereon, the array substrate having a fiber aligning
portion and a base portion, the fiber aligning portion having
aV-groove/V-grooves forpositioningeachthebare fiber portion
of the optical fiber(s); a presser member for pressing the bare
fiber portion to the V-groove(s) of the array substrate; and
afirstadhesive for fixingthebare fiberportionto theV-groove

of the array substrate, wherein the spliced portion of the
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dissimilar optical fibers 1s disposed on the array substrate.
Preferably, a flexible protection member is provided in the
fiber coating portion extending over a rear edge of the array
substrate. Furthermore, the optical fiber may be bonded onto
the array substrate, employing three kinds of adhesives that
are different both in the Young’s modulus after hardening and
the viscosity before hardening.

Fig. 6 1s a view showing an example for splicing the PLC
and the standard single mode optical fiber that have different
mode field diameters, using an optical fiber array combining
a TEC fiber technology and an optical fiber array technology
together. In Fig. 6, reference numerals 1, la and lb denote
optical fibers, 2 denotes a fiber coating portion, 3 denotes
a bare fiber portion, 4 denotes anoptical fiber array, 5 denotes
an array substrate, 6 denotes a presser member, 7 denotes a
V-groove, 8 and 9denote adhesives, 10denotes asplicedportion,
and 16 denotes a reinforcing member.

An optical fiber 1 has anoptical fiber 1bhaving a smaller
mode field diameter and an optical fiber la (standard single
mode optical fiber) having a larger mode field diameter. The
optical fiber 1lb is fusion spliced at a top end of the optical
fiber la. A spliced portion 10 of the optical fibers la, 1b
1s protected by a reinforcing member 16. In order to reduce
the splice loss, the spliced portion 10 is subjected to the

TECprocess involvingadditional heatingafter fusionsplicing.
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The optical fiber 1b 1s bonded onto the array substrate 5 using
adhesives. Thesplicedportionl0isprotectedbythereinforcing
member 16 and disposed outside the optical fiber array 4.
The reinforcing member 16 of the spliced portion 10 that
1s fusion spliced requires a dimension as large as the external
shape of optical components, and a relatively large space for
leading the optical fiber. Therefore, there 1s a problem that
the optical communicationunit isdifficult tobeminiaturized,
and 1s not easy to héndle, owing to the reinforcing member 16.

The optical fiber array 4 includes the array substrate

5 and the presser member 6. The array substrate 5 1ncludes

a fiberaligningportion Sawith theV-groove 7at a front portion

thereof and a base portion 5b a rear portion thereof. After

the adhesive8 isappliedinto theV-groove 70f the fiberalighing
portion 5a, at the front end portion of the bare fiber portion
3, in which the fiber coating is removed, the optical fiber
1b is inserted into the V-groove 7, pressed in position by the
presser member 6, and bonded by the adhesive 8.

‘ A part of the adhesive 8 within the V-groove flows out
onto the base portion 5b and covers a rear end portion of the
bare fiber portion 3 projecting from a rear end of the V-groove.
Further, apart of the adhesive 8 flows between the fiber coating
portion 2 and the base portion 5b to bond a rear end portion
of the bare fiber portion 3 and a front end portion of the fiber -

coating portion 2 on the base portion 5b. Furthermore, to
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restrict the optical fiber 1b from moving freely at a rear end

of theoptical fiber array, the fiber coatingportion 2 is bonded
onto a rear end portion of the base portion 5b, using an adhesive
9 softer than the adhesive 8.

With the above constitution of the optical fiber array,
the optical fiber 1 1s 1in contact with a rear edge 5c of the
array substrate 5. Therefore, the optical fiber 1 may cause
a disconnection by being bent at the rear edge 5c of the array
substrate 5, or produce an increase 1n the splice loss due to

a temperature change.

However, since the array substrate 5 1s formed of various
sorts of wafers such as silicon, Pyrex, zirconia or ceramics,
the tapered surface is formedbyprecise grinding such as dicing.
In this grinding, a special-purpose precise blade is used and
the high working precision is required. A method for forming
the tapered surface by grinding is known, but takes considerably
a working time and a labor. Besides, a method for forming the
tapered surface by moiding 1s considered but has a problem that
the molding is difficult depending on the array substrate
material.

It 1is also known that if a hard adhesive resin héving
a relatively large Young’s modulus is employed as the adhesive
8 coating the entire bare fiber portion 3 in bonding the optical
fiber 1, there is an increase in transmission loss of the optical

fiber at low temperatures. As its cause, it is considered that

L — P, S b
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the adhesive resin shrinks at low temperatures, so that the -
optical fiber is pulled at the upper surface of the array
substratebythe thermal shrinkageof theadhesiveresin. Further,
the adhesive 9 applied on the fiber coating portion 2 1is an
adhesive resin softer than the adhesive 8. Since the adhesive
8 1s scarcely applied on a portion of the fiber coating portion
2, a tensile load 1s applied to the bare fiber portion 3 in
which the fiber coating 1s removed, which is weak to the tens_ile
load. As a result, the optical fiber 1 1s likely to be broken
in the bare fiber portion 3 when the tensile load 1s applied
to the optical fiber 1 ih a longitudinal direction or the fiber
is bent sharply at the rear side.

Also, if a soft adhesive resin having a relatively small

. Young’s modulus is employed as the adhesive 8 coating the entire

bare fiber'portion'B, the optical fiber is weak as a whole to

- resist the tensile load, even if .the adhesive 9 1s applied on

the fiber coating portion. That 1s, in the constitution of
bonding the optical fiber 1 onto the optical fiber array 4 by
one or two kinds of adhesive resins, as shown in Fig; 6, 1t
is difficult to prevent an increase in the transmission loss
due to a_temperature change and to meet the requirements under

a certaln tensile load.
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In another aspect, the 1invention provides an optical
fiber array, comprising an optical fiber formed by splicing
dissimilar optical fibers having different mode field
diameters, the optical fiber having a fiber coating portion
1n which a fiber coating is applied and a bare fiber
portion in which the fiber coating 1s removed, the bare
fiber portion having a spliced pcjrtion of the dissimilar
optical fibers in the middle, an array substrate for
mounting the optical fiber thereon, the array substrate
having a fiber aligning portion and a base portion, the
fiber aligning portion -having a groove for positioning the
bare fiber portion of the optical fiber, the base portion
where the bare fiber portion extending from the fiber

F

aligning portion and part of the fiber coating portion are

disposed, a pressure member for pressing the bare fiber
portion to the groove of the array substrate, and a first
adhesive for fixing the bare fiber portion to the groove of
the array substrate, wherein the spliced portion 1is
disposed on the base portion of the array substrate. .

In another aspect, the invention provides an optical
fiber array, comprising an optical fiber formed by splicing
dissimilar optical fibers having different mode field
diameters, the optical fiber having a fiber coating portion
in which a fiber coating is applied. and a bare fiber
portion in which the fiber coating is removed, the bare
fiber portion having a spliced portion of the dissimilar
optical fibers in the middle, an array substrate for
mounting the optical fiber thereon, the array substrate
having a fiber aligning portion and a base portion, the
fiber aligning portion having a groove for positioning the
bare fiber portiOn of the optical fiber, a pressure member

for pressing the bare fiber portion to the groove of the

7a



CA 02394258 2006-01-25

array substrate, and a first adhesive for fixing the bare
fiber portion to the groove of the array substrate, wherein
the spliced portion of the dissimilar optical fibers is
disposed on the array substrate, and the arfay substrate
has a tapered or arc-shaped rear end portion configured to
allow the optical fiber extending from the array substrate
to bend along a shape of the tapered or arc-shaped rear end

portion when the optical fiber bends.

A

In another aspect, the 1i1invention provides an optical

fiber -array, comprising an optical fiber formed by splicing
dissimilar optical fibers having different mode field
diameters, the optical fiber having a fiber coating portion
in which a fiber coating 1is applied and a bare fiber
portion 1in which the fiber coating 1is removed,. the bare
fiber portion having a spliced portion of the dissimilar
optical fibers 1n the middle, an array substrate for
mounting the optical fiber thereon, the array substrate
having a fiber aligning portion and a base portion, the
fiber aligning portion having a groove for positioning the
pare fiber portion of the optical fiber, a pressure member
for pressing the bare fiber portion to the groove of the
array substrate, a first adhesive for fixing the bare fiber
portion to the groove of the array substrate, and a
protection member for protecting the optical fiber
extending over a rear edge of the array substrate, the
protection member configured to be in contact with the
optical fiber extending over the rear edg'e, wherein the
spliced portion of the dissimilar optical ' fibers 1is
disposed on the array substrate.

In another aspect, the 1invention provides an optical
fiber array, comprising an optical fiber formed by splicing
‘dissimilar optical fibers having different mode field -

diameters, the optical fiber having a fiber coating portion

7b
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in which a fiber coating 1is applied and a bare fiber

~portion in which the fiber coating 1s removed, the bare
fiber portion having a spliced portion of the dissimilar
optical fibers 1in the middle, an array substrate for
mounting the optical fiber thereon, the array substrate
having a fiber aligning portion and a Dbase portion, the
fiber aligning- portion having a groove for positioning the
" bare fiber portion of the optical fiber, a pressure member.
for pressing the bare fiber portion to the groove of the
array substrate, a first adhesive for fixing the bare fiber
portion to the groove of the array substrate, a second
adhesive for fixing the fiber coating portion of the
optical fiber on the base portion of the array substrate,
and a third adhesive for covering and fixing the bare fiber
portion which is not disposed in the groove, wherein th‘e
spliced portion of the dissimilar optical fibers 1is
disposed on -'the array substrate, the first adhesive has a
Young’s modulus after hardening of 500Mpa or more and a
viscoslty before hardening of 10Pa.s or less, the second
adhesive has a greater viscosity before hardening than the
first adhesive, _and the third adhesive has a smaller

Young's modulus after hardening than the first adhesive.

Brief Description of the Drawilngs

Fig. 1 is a view for explaining an optical fiber array

¢
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according to an embodiment of the present 1nvention;

Figs. 2A-2C are views for explaining forms of splicing
optical fibers having different mode field diameters for use
in the invention;

Figs. 3A-3Careviews showing anexample inwhichaspliced
portion of the optical fiber by fusion has a fat portion;

Fig. 4 is a view showing an example 1n which a tube
protection member is employed in the 1nvention;

Figs. 5A and 5B are views showlng an example 1n which
a molded protection member 1s used 1n the invention; and

Fig. 6 is a view for explaining the configuration of the

related-art optical fiber array.

Detailed Description of the Invention

Referring to Figs. 1 and 2A-2C, the
preferredembodiment of the present inventionwilll bedescribed.
Fig. 1 shows a basic embodiment of an optical fiber array of
the invention. Figs. 2A to 2C show various forms for splicing
optical fibers having different mode field diameters. In these
figures, referencenumeralsldenotesanoptical fiber, 2denotes
a fiber coating portion, 3 denotes a bare fiber portion, 3a,
3b denote a bare fiber, 4 denotes an optical fiber array, 5
denotes an array substrate, 5a denotesa fiberaligningportion,
5b denotes a base portion, 6 denotes a presser member, 7 denotes

a V-groove, 10 denotes a spliced portion, 1l0a denotes a fat
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portion, 11 denotes a first adhesive, 12 denotes a second
adhesive, 13 denotes athirdadhesive, 20a, 20bdenote acladding

portion, 21la, 21b denote a core portion, and 22a, 22b denote

a mode field converting portion.

The shape of the optical fiber array 4 as shown in Fig.
1 is similar as that of Fig. 6. However, the optical fiber array
4 includes the array substrate 5 and the presser member 6. The
array substrate 5 includes a fiber aligning portion 5a at a
front portion thereof and a base portion 5b with a flat upper
face a rear portion thereof. The fiber aligning portion 5a has
the V-groove 7 for positioning the bare fiber portion 3 in which
a fiber coating 1s removed.

The bare fiber portion 3 on the array substrate 5 has
the bare fiber 3a in which the fiber coating 1s removed, and
the bare fiber 3b that is of different kind from the bare fiber
3a, as shown in Figs. 2A-2C. The bare fiber 3b is spliced to
a top end of the bare fiber 3a. The bare fiber 3a is a standard
single mode optical fiber, for example, and has the cladding
portion 20a and the core portion 2la. The mode field diameter
of the core portion 2la is as large as about 10um. The bare
fiber 3b 1s a non-standard optical fiber with a dopant added
1in the core portion 21b at high density, for example, and has
the cladding portion 20b around the core portion 21b. The mode

field diameter of the core portion 21b is as large as about

Sum.
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The spliced portion 10 between the bare fiber 3a and the
bare fiber 3b is formed by physically abutting the bare fiber

3a against the bare fiber 3b, or formed by fusing the bare fibers

3a and 3b. To prevent an increase 1n the splice loss due to
a difference in the mode field diameter at the spliced portion,

the spliced portion 10 is subjected to the TEC process by

‘additional heating. By this TEC process, dopants in the core

portion 21a, 21b of the bare fiber 3a, 3b i1s thermally diffused
tothecladdingportion20a, 20b to formthemode field converting
portion 22a, 22b, thereby making both the mode field diameters
coincident or approximate.

Fig. 2A shows the case where the bare fiber 3a and the
bare fiber 3b are abutted and jointed each other. In this case,
an intermediate part of the bare fiber 3b 1s subjected to the
TEC process in advance, and then, a central part of the TEC
portion is cleaved and/or polished, thereby matching a spliced
end of the bare fiber 3b with the mode field diameter of the
bare fiber 3a. Figs. 2B and 2C show the case where the bare
fiber 3a and thebare fiber 3bare fusion spliced, and the spliced
portion 10 is subjected to the TEC process by additional heating
after being fusion spliced. This TEC process 1s disclosed in
the patent No.2618500. In fusionsplicing, there 1is a case where
the outer diameter of the spliced portion 10 has no fat portion
of the bare fiber outer diameter, as shown in Fig. 2B. There

is also a case where the outer diameter of the spliced portion

10
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10 has the fat portion 10a of the bare fiber outer diameter,
as shown 1in Fig. 2C.

Turning back to Fig. 1, the constitution for bonding the
optical fiber 1 to the array substrate S5will be describedbelow.
In Fig. 1, the bare fiber portion 3 of the optical fiber 1 has
the bare fiber 3a and the bare fiber 3b, i1n which the spliced
portion has no fat portion, as shown 1n Fig. 2A or 2B. In this
eXxample, thebare fiberportion 3 i1ismountedonthe fiberaligning
portion 5a so that the spliced portion 10 is placed within the
V-groove 7 of the array substrate 5, and pressed and positioned
by the presser member 6. The spliced portion 10 is bonded within
the V-groove 7, reinforced and protected by the adhesive. A
top end portion of the fiber coating portion 2 is mounted on
the base portion 5b of the array substrate 5, and the bare fiber
portion between the rear end of the V-groove 7 and the fiber
coating portion 2 1s suspended on the baseportion 5. The spliced
portion 10 may not be pressed by the presser member 6 within
the V-groove.

The bare fiber portion 3 poSitioned by the V-groove 7
and the presser member 6 1s bonded by the first adhesive 11.
The top end portion of the fiber coating portion 2 is bonded
on the base portion 5b by the second adhesive 12. The bare
fiber portion 3 between the first and second adhesives is bonded
by the third adhesive 13. The first adhesive 11 is a relatively

hard adhesive resin having a Young’s modulus after hardening

11
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of 500Mpa or more and a viscoslity before hardening of 10Pa.s
or less. The second adhesive 12 1s a relatively hard adhesive
resin having a Young’s modulus after hardening of 500Mpa or
more, like the first adhesive 11, and a viscosity before
hardening of more than 10Pa.s. Also, the third adhesive 13 1is
a relatively soft adhesive resin having a Young’s modulus of

less than 500Mpa, which 1s softer than the first adhesive 11.

The first adhesive 11 has a relative small viscosity,
whereby the bare fiber portion 3 is likely to be aligned within
the V-groove 7, and can be correctly positioned by the presser
member 6, which will be connected to PLCs. Because the Young’s
modulus after hardening is large, the bare fiber portion 3 can
be firmly bonded by adhesives. The second adhesive 12 flows
away 1f 1t has too small viscosity when applied on the top end
portion of the fiber coating portion 2, and hence has a greater
viscosity than the first adhesive 11 to be securely applied
over the fiber coating portion 2. Since the Young’s modulus
after hardening 1is as large as the first adhesive 11, the top
end portion of the fiber coating portion 2 can be firmly bonded
onto the rear end portion of the array substrate 5.

Accordingly, in bonding the bare fiber portion 3 by the
first adhesive 11, a stress concentration can be avoided on
the adherent partof the fibercoatingportion2 against atensile
load in the longitudinal direction of the optical fibér 1. Also,

in bonding the fiber coating portion 2 by the second adhesive

12
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12, the shift of the optical fiber 1 isrestricted, and no stress
concentration on the adherent part of the bare fiber portion
3 is caused. Therefore, the first adhesive 11 and the second
adhesive 12 can provide a sufficient bearing force against the
tensile load in the longitudinal direction of the optical fiber
1.

The third adhesivel3isappliedover thebare fiberportion
3 between the first adhesive and the second adhesive to protect
and bond this bare fiber portion, but has a Young’s modulus
that is relatively smaller than those of the first and second
adhesives. Accordingly, the thermal shrinkage of the third
adhesive 13 is reduced at lower temperatures, causing a smaller
distortion in the bare fiber portion 3, and preventing an
increase in the transmission loss.

Figs. 3A to 3C are views showing the examples 1n which
the fat portion 10a as shown in Fig. 2C is present 1n the spliced
portion of the bare fiber 3a and the bare fiber 3b. In Figs.
3A to 3B, the same or like components are designated by the
same numerals as in Fig. 1, and are not described.

In an example of Fig. 3A, the spliced portion 10 1is
suspended on the base portion 5b outside the V-groove 7, applied
with the third adhesive 13, and bonded.on the base portion 5b.
The bare fiber 3b is only mounted in the V-groove 7, positioned,
and bonded by the first adhesive 11. The spliced portion 10

is protected and reinforced by the third adhesive 13 that 1is

13




10

15

20

25

CA 02394258 2002-07-19

softer.
In an example of Fig. 3B, the array substrate 5 has a

recess portion 7a which is formed 1in the intermediate part of

the V-groove 7. The splicedportion 10 1s disposed in this recess
portion 7a. An upper part of the recess portion 7a 1s not pressed
by the presser member 6. Both sides of the spliced portion 10
are supported within the V-groove. The spliced portion 10 is
protected and reinforced by the third adhesive 13. In this
example, the spliced portion 10 is kept more straight between
the V-grooves, and bonded by adhesives 1n more stable state,
in contrast to the example of Fig. 3A.

In an example of Fig. 3C, the array substrate 5 has the
recess portion 7a which is formed in the intermediate part of
the V-groove 7. The presser member 6 has a recess portion 6a
which is formed at a position confronting the recess portion
7a on the presser member 6. Therefore, the spliced portion
10 1s disposed 1n a gap between the recess portions 6a and 7a.
The spliced portion 10 is supported within the gap formed by
the recess portions 6a and 7a, and protected and reinforced
by the first adhesive 11 applied in the V-groove 7. In this
example, the spliced portion 10 is positioned by the V-groove
7 and the presser member 6 on both sides, and bonded by the
first adhesive 11 to have a greater strength against the tensile
load, 1n contrast to the example of Figs. 3A and 3B.

As shown 1in the examples of Figs. 3A to 3C, a rear edge

14
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portion of the array substrate 5 may be formed of a tapered
or arc-shaped smooth face 5e (indicated by the dotted line),
improving a contact state between the optical fiber 1 and a
rear edge of the array substrate 5. Thereby, the optical fiber
1l is less subjected to a damage by the rear edge of the array
substrate 5, or is less likely to be bent excessively under
the optical fiber array 4, reducing a disconnection or an
increase in the transmission loss. Whether suspended from the

base portion 5A or not and/or reinforced with adhesive or not,

it is preferable not to dispose the splice point in contact

with the base portion, as the splice polnt 1s weaker in tensile
strength in general.

Figs. 4 and 5A-5B are views showing the examples in which
the contact of the optical fiber(s) with the rear edge of the
array substrate is improved by the use of a protection member.
Fig. 4 shows an example in which the protection member preformed
like a tube is employed. Fig. 5A shows an example in which the
protection member is formed by molding on the fiber coating
portion and the bare fiber portion. Fig. 5B shows an example
in which the protection membér is formed by molding on the fiber
coating portion. In these figures, reference numerals 14 and
15denote the protectionmember. Other components aredesignated
by the same reference numerals as used in Fig. 1, and not
described.

In Figs. 4 and 5A-5B, the spliced portion 10 between the

15
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bare fiber 3a and the bare fiber 3b 1s suspended on the base
portion 5b rearward of the V-groove 7 as shown 1n Fig. 3A, coated
with the third adhesive 13, and fixed on the base portion 5b
by the adhesive 13. However, the constitution or form as shown
in Figs. 1, 3B and 3C 1s also applied to this embodiment.

In Fig. 4, the tube protection member 14 is provided over
the fiber coating portion extending over the rear edge 5c of
the array substrate 5, thereby preventing the optical fiber
1 from directly comin'g into contact with the rear edge 5c of
the array substrate 5. The tubeprotectionmember 14 is preformed,
then theoptical fiber1lisinserted, fixedonto the fiber coating
portion 2 by the adhesive, and mounted on the array substrate
>. However, the process may be reversed: after the tube
protection member 14 1s fixed at the rear end portion of the
array substrate 5 by the adhesive, then the optical fiber may
be 1nserted through a tube of the protection member 14.

The tube protection member 14 is formed of a flexible,
bendablematerial suchas rubber, siliconeor polymer like Nylon.
The protection mémber 14 1s attachéd with a slight distance
(e.g., about 0.5mm to 2.0mm) fromthe topendof the fiber coating
portion 2, so that the fiber coating portion 2, which is not
covered by the protection member 14, may adhere to the array
substrate 5. Thelprotection member 14 has a lengthwithacertain
amount of extension (e.g., desirably about 3mm to 5mm) from

the rear end of the array substrate 5. The protection member
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14 is positioned for attachment by abutting its top end against

a shoulder of a step portion 5d provided on the base portion

5b of the array substrate 5.

The protection member 14 is bonded integrally with the
optical fiber 1 by applying the adhesive to fill 1n a part or
the entire gap portion between the protection member 14 and
the fiber coating portion 2. This adhesive may or may not be
the same as the second adhesive. The protection member 14 may
be attached individually on each optical fiber integrally or
all optical fibers, or attached on the optical fiber ribbon.

In the constitution of Fig. 4, like the case of Fig. 1,
the bare fiber portion 3 positioned by the V-groove 7 is fixed
by the first adhesive 11. The top end portion of the fiber
coating portion 2 is fixed on the base portion 5b by the second
adhesive 12. The bare fiber portion 3 between the first and
second adhesives is fixed by the third adhesive 13. The first
adhesive 11 1s é relatively hard adhesive resin having a Young’s
modulus after hardening of greater than 500Mpa and a viscosity
before hardening of 10Pa.s or less. The second adhesive 12 1is
arelatively hard adhesive resin having a Young'’ s modulus after
hardening of greater than 500Mpa, like the first adhesive 11,
andaviscositybeforehardeningof 10Pa.sormore that‘is greater
than that of the first adhesive 11. Also, the third adhesive
13 is arelatively soft adhesive resin having a Young’ s modulus

of less than 500Mpa, which is softer than the first adhesive
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11.

The second adhesive 12 for bonding the fiber coating
portion 2 on the array substrate 5 1s applied to cover a part
of the fiber coating portion 2 projecting from the top end of
the protection member 14 and a part of the protection member
14 mounted on the array substrate 5. Thereby, the tensile load
in the longitudinal directionof theoptical fiber 1l isprevented
from being directly applied on the bare fiber portion 3 bonded
in the V-groove 7, as in the case of Fig. 1.

The protection member 14 1s located to extend over the
rear edge 5c of the array substrate 5, and serves as a cushion
for preventing the optical fiber array 1 from directly coming
into‘ contact therewith. Also, the optical fiber 1 is less
subjected to a damage by the rear edge of the array substrate
S5, or is less likely to be bent excessively under the optical
fiber array 4, reducing the possibility of the disconnection
or an increase in the transmission loss, without working the
rear edge of the array substrate 5 with a smooth face, as shown
in Figs. 3A-3C.

In an example of Fig. 5A, the protection member 15 is
formed, usingamold, tocover anendportionof the fiber coating
portion 2 for the optical fiber 1 and a part of the bare fiber
portion 3. The protection member 15 1s provided to extend over
the rear edge 5c of the array substrate 5 to prevent the optical

fiber 1 from directly coming into contact with the rear edge
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5c of the array substrate 5.

In an example of Fig. 5B, the protection member 15 1s
formed, using a mold, to cover an outer circumference of an
end portion of the fiber coating portion 2 for the optical fiber

5 1 so that the top end of the fiber coating portion projects
by a slight amount (e.g., about 0.5mm to Z2mm) from the protection
member 15. The protection member 15 1s provided to extend over
the rear edge 5c of the array substrate 5 to prevent the optical.
fiber 1 from directly coming into contact with the rear edge

10 5c of the array substrate 5.

The protection member 15 1is formed of a flexible, bendable
material such as rubber, siliconor Nylon. The protection member
15 desirably has an excellent adhesion with the fiber coating

~ portion 2, and a large rupture elongation. The protection member

15 15 is formed to have a certain amount of extension (e.g., .

desirably about 3mm to Smm) from the rear end of the array

substrate 5. This projecting portion 15a is preferably tapered

to prevent the stress against the bending from applying the

optical fiber. Also, the protection member 15 1s positioned

20 for attachment by abutting its top end against a shoulder of

the step portion 5d provided on the base portion 5b of the array
substrate 5.

In the constitution of Figs. 5A and 5B, like the case
of Fig. 1, the bare fiber portion 3 positioned by the V-groove

20 7 is bonded by the first adhesive 11. The top end portion of
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the fiber coating portion 2 1is bonded on the base portion 5b

by the second adhesive 12. The bare fiber portion 3 between

the first and second adhesives 1s bonded by the third adhesive
13. The first adhesive 11 i1s a relatively hard adhesive resin
having a Young’ s modulus after hardening of greater than 500Mpa
and a viscosity before hardening of 10Pa.s or less. The second
adhesive 12 isarelatively hard adhesive resin having a Young’ s
modulus after hardening of greater than 500Mpa, like the first
adhesive 11, and a viscosity before hardening of 10Pa.s or more
that is greater than that of the first adhesive 11. Also, the
third adhesive 13 is a relatively soft adhesive resin having
a Young’s modulus of less than 500Mpa, which 1s softer than
the first adhesive 11.

The second adhesive 12 for bonding the fiber coating
portion 2 on the array substrate 5 is applied to cover the
protection member 15 mounted on the array substrate 5 i1n Fig.
S5A. Also, the second adhesive 12 1s applied to cover a part
of the fiber coating portion 2 exposed and projecting from the
top end of the'protection member 15 and a part of the protection
member 15 mounted on the array substrate 5 in Fig. 5B. Thereby,
the tensile load in the longitudinal direction of the optical
fiber 1 is prevented from being directly applied on the bare
fiber portion 3 bonded in the V-groove 7, as in the case of
Fig. 1.

The protection member 15 1s located to extend over the
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rear edge 5c of the array substrate 5, and serves as a cushion
for preventing the optical fiber array 1 from directly coming .
into contact therewith. Also, the optical fiber 1 is less
subjected to a damage by the rear edge of the array substrate
5, or is less likely to be bent excessively under the optical
fiber array 4, reducing the disconnection or an 1ncrease 1n
the transmission loss, without working the rear edge of the
array substrate 5 with a smooth face, as shown 1in Figs. 3A-3C.
However, even when the protection member 14 or 15 1s employed,
the rear edge of the array substrate 5 may be formed with a
smooth face that is tapered or arc-shaped, as in the case of
Figs. 3A-3C. Through Fig. 1 to Fig. 5A, an optical fiber 1s
drawn, however, the present invention is not limited to an
optical fiber. Namely, optical fibers may be fixed onto a
substrate to form an optical fiber array in this invention.

As will be apparent from the above description, with the
present invention, thesplicedportionofthedissimilaroptical
fibers having different mode field diameters can be contained
within the optical fiber array. Therefore, the optical fiber
is easily led in a small space within the optical communication
unit, therebymaking it possible tominiaturize the unit. Also,
the protection member is provided to prevent the optical fiber
from being in contact with the rear edge of the optical fiber
array, whereby the disconnection or an 1increase 1n the

transmissionloss canbe reduced. Furthermore, theoptical fiber
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is bonded onto the optical fiber array, employing three kinds
of adhesives that are different 1in the Young’s modulus after
hardening, or the viscosity before hardening, whereby the
optical fiber can be strong enough to resist the tensile load,
and can prevent an increase in the transmission loss due to

a temperature change.
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The embodiments of the invention 1n which an exclusive

property or privilege 1is claimed are defined as follows:

1. An optical fiber array, comprising:

an optical fiber formed by splicing dissimilar optical
fibers having different mode field diameters, the optical
fiber having a fiber coating portion in which a fiber

coating 1s applied and a bare fiber portion in which the

fiber coating 1s removed, the bare fiber portion having a
spliced portion of the dissimilar optical fibers in the
middle;

an array substrate for mounting the optical fiber
thereon, the array substrate having a fiber aligning
portion and a base portion, the fiber aligning portion
having a groove for positioning the bare fiber portion of
the optical fiber, the base portion where the bare fiber
portion extending from the fiber aligning portion and part
of the fiber coating portion are disposed;

a pressure member for pressing the bare fiber portioh to

the groove of the array substrate; and

a first adhesive for fixing the bare fiber portion to the

groove of the array substrate;

wherein the spliced portion is disposed on the base

pOrtion of the array substrate.

2 . The optical fiber array according to claim 1, wherein
the dissimilar optical fibers are fusion spliced at the

spliCed portion.

3. The optical fiber array aCcording.to claim 2, wherein
the bare fiber portion has a mode field conversion portion

formed by heating the spliced portion of the dissimilar

optical fibers.
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4 . An optical fiber array, comprising:
an optical fiber formed by splicing dissimilar optical
fibers having different mode field diameters, the optical

fiber having a fiber coating portion in which a fiber

coating 1s applied and a bare fiber portion in which thé
fiber coating is removed, the bare fiber portion havihg a
spliced portion of the dissimilar optical fibers in the
middle;

an array substrate for mounting the optical fiber
thereon, the array substrate having a fiber aligning
portion and a base portion, the fiber aligning portion
having a groove for positioning the bare fiber portion of

the optical fiber;

a pressure member for pressing the bare fiber portion to

the groove of the array substrate; and

a first adhesive for fixing the bare fiber portion to the
groove of the array substrate, '

wherein the spliced portion of the dissimilar optical
fibers is disposed on thé array substrate; and

the array substrate has a tapered or arc-shaped rear end
portion configured to allow the optical fiber extending
from the array substrate to bend along a shape of the

tapered or arc-shaped rear end portion when the optical

fiber bends.

5. The optical fiber array according to claim 4, wherein

the spliced portion 1is disposed in the groove.
6. The optical fiber array according to claim 5, wherein:

the groove has a recess portion, and wherein the spliced

portion 1is disposed in the recess portion of the groove.
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7. An optical fiber array, comprising:
an optical fiber formed by splicing dissimilar optical

fibers having different mode field diameters, the optical

fiber having a fiber cocating portion i1n which a fiber

coating 1s applied and a bare fiber portion in which the
fiber coating is removed, the bare fiber portion having a
spliced portion of the dissimilar optical fibers in the
middle;

an array substrate for mounting the optical fiber
thereon, the array subétrate having a fiber aligning
portion and a base portion, the fiber aligning portion
having a groove for positioning the bare fiber portion of
the optical fiber;- -

a pressure member for pressing the bare fiber portion to
the groove of the array substrate;

a first adhesive for fixing the bare fiber portion to the
groove of the array substrate; and
~a protection member for protecting the optical fiber
extending over a rear edge of the array substrate, the
protection member configured to be in contact with the
optical fiber extending over the rear edge,

wherein the épliced portion of the dissimilar optical

fibers 1s disposed on the array substrate.

8 . The optical fiber array according to claim 7, wherein
the protection member has a tube shape for accommodating

the optical fiber therein.

9. The optical fiber array according to claim 7, wherein

the protection member is formed by a mold.
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10. The optical fiber array according to any one of claims
7 to 9, wherein a portion of the protection member

extending'over the array substrate has a tapered shape.

11. The optical fiber array according to any one of claims

7 to 10, wherein the protection member covers the fiber

coating portion.

12. The optical fiber array according to any one of claims
7 to 11, wherein the array substrate has a step portion for

mounting the protection member thereon.

13. The optical fiber array according to any one of claims
4 to 6, wherein the dissimilar optical fibers are fusion

spliced at the spliced portion.

14. The optical fiber array according to claim 13, whereiln
the bare fiber portion has a mode field conversion portion
formed by heating the spliced portion of the dissimilar

optical fibers.

15. The optical fiber array according to any one of claims
7 to 12, wherein the dissimilar optical fibers are fusion

spliced at the spliCed portion.

16. The optical fiber array according to claim 15, wherein
the bare fiber portion has a mode field conversion portion
formed by heating the splicéd portion of the dissimilar

optical fibers.

17. The optical fiber array according to any one of claims
7 to 12, 15 or 16, wherein the spliced portion 1s disposed

in the groove.
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18. The optical fiber array according to claim 17, wherein
the groove has a recess portion, and wherein the spliced

portion is disposed in the recess portion of the groove.

19. An optical fiber array, comprising:

an optical fiber formed by splicing dissimilar optical
fibers having different mode field diameters, the optical
fiber having a fiber coating portion in which a fiber
coating 1s applied and a bare fiber portion in which the
fiber coating 1s removed, the bare fiber portion having a
~spliced portion of the dissimilar optical fibers in the
middle; .

an array substrate for mounting the optical fiber
thereon, the array substrate having a fiber aligning
portion and a base portion, the fiber aligning portion
having a groove for positioning the bare fiber portion of
the optical fiber,

a pressure.member for pressing the bare fiber portion to
the groove of the array substrate;

a first adhesive for fixing the bare fiber portion to the
groove of the array substrate,

a second adhesive for fixing the fiber coating portion of
the optical fiber on the base portion of the array
substrate; aﬁd

a third adhesive for covering and fixing the bare fiber
portion which 1s not disposed in the groove; ‘

whereiln the spliced portion of the dissimilar optical
fibers 1s disposed on the arréy substrate,

the first adhesive has a Young’s modulus after hardening
of 500Mpa or more and a viscosity before hardening of
10Pa.s or less, the second adhesive has a greater viscosity

before hardening than the first adhesive, and the third
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adhesive has a smaller Young’s modulus after hardening than

the first adhesive.
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