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Description
BACKGROUND

[0001] The disclosure relates generally to optical fiber
connectors and more particularly to optical fiber connec-
tors having adhesives for coupling to the optical fibers.
Optical fibers have seen increased use in a wide variety
of electronics and telecommunications fields. Optical fib-
ers can be coupled to an optical connector (e.g., a fer-
rule). The connector allows the optical fiber to be coupled
to a wide variety of devices, for example, various elec-
tronic devices, other optical fibers, etc.

[0002] WO 1995/30915 A2 describes a ceramic optical
fiber ferrule being constructed from CaTiOj3. The ferrule
is PC-radiused and thus includes a first, convex end hav-
ing a predetermined radius of curvature, a second end
and an axial bore which joins the first and second end.
An optical fiber can be fixedly positioned within the bore
and a terminal end of the optical fiber can be created by
standard polishing or grinding techniques, which is co-
planar with the first, convex end of the ferrule.

[0003] JP 59109014 describes that a low melting me-
tallic powder is placed in a recess of a core, an optical
fiber having its end metallized is inserted and reciprocat-
ed sliding through the inside of the through-hole to uni-
formly spread the powder in the gap of the hole. After the
powder is melted in the region by heating, it is solidified
to fix the end of the fiber to the core.

[0004] US2002/0186934 A1describes afiberopticter-
minus body comprising a housing having an exterior and
aninterior. Theinterior has arear cylindrical section near-
est a first end of the housing and a forward cylindrical
section nearest a second end of the housing. The first
end of the housing has a first opening into the interior for
accepting and supporting a length of a fiber optic cable
as it extends through the first opening and away from the
housing. The second end of the housing has a second
opening into the interior for transmitting light from the
fiber optic cable. An engagement structure on the exterior
of the housing prevents movement of the housing in a
direction toward the first end of the housing.

[0005] US 4,984,865 A describes an optical fiber con-
nector which is assembled by mounting the end of an
optical fiber in a thermoplastic adhesive that is heated to
a viscosity of between 100 and 10,000 cp.

SUMMARY

[0006] The invention is given by the features of inde-
pendent claim 1. A further embodiment of the invention
is given by the features of claim 13. Optional embodi-
ments are given by the features of the dependent claims.
One embodiment of the disclosure relates to an optical
fiber connector preloaded with an adhesive. The optical
fiber connector includes a body having a first face and a
second face, and a passage defined in the body that ex-
tends between afirst opening formed in the first face and
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a second opening formed in the second face. The pas-
sage is configured to receive an optical fiber. The pas-
sage includes a first passage section extending inwardly
from the first face and having a first width. The passage
also includes a second passage section extending in-
wardly from the second face and having a second width.
The second width is less than the first width. The passage
also includes a transition section located between the
first passage section and the second passage section.
An adhesive composition is located within the transition
passage section and is a solid material. The adhesive
composition is configured to bind an optical fiber to an
inner surface of the second passage section following
melting and solidification of the adhesive composition.
[0007] In some embodiments, the adhesive composi-
tion is located within the transition section blocking an
inner entrance at an inner end of the second passage
section. The transition section may have a first end and
a second end, wherein an inner end of the first passage
section transitions into the first end of the transition sec-
tion and the second end of the transition section transi-
tions into the inner end of the second passage section.
[0008] In further embodiments, the first passage sec-
tion is a cylindrical bore extending from the first face to
the first end of the transition section and the first width is
a first diameter. The second passage section is a cylin-
drical bore extending from the second face to the second
end of the transition section and the second width is a
second diameter. The first diameter is at least twice the
second diameter. Additionally, an axial length of the first
passage section is greater than half an axial length of
the body, and an axial length of the second passage sec-
tion is greater than an axial length of the transition section
and is less than a third of the axial length of the body.
[0009] The transition section in these and other em-
bodiments may have a variable width that decreases as
adistance from the second face decreases. Forexample,
the transition may include a frustoconical inner surface,
which may be located between an axial midpoint of the
body and the second face.

[0010] Additionally, in these and other embodiments,
the adhesive composition is a solid powdered adhesive
composition coupled to the transition section via com-
pression of the solid powdered adhesive within the tran-
sition section. For example, the adhesive composition
may comprise a cross-linkable resin and a coupling
agent, and in some embodiments there may be between
0.1 to 10 parts by weight of the coupling agent per 100
parts by weight of the cross-linkable resin.

[0011] Methods of forming an optical fiber connector,
such as an optical connector as described above, are
also provided. One such method involves providing the
body and passage of the optical fiber connector, placing
the adhesive composition within the transition section of
the passage, and storing the optical fiber connector for
at least one day following the placing step without cou-
pling the optical fiber connector to an optical fiber.
[0012] In some embodiments, the methods may addi-
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tionally involve preparing the adhesive composition as a
solid powder. Placing the adhesive composition within
the transition section in such embodiments comprises
coupling the solid powder to the body within the transition
section via compression. The methods may further in-
volve: heating the adhesive composition above a melting
temperature of the adhesive composition, thereby caus-
ing the solid powder to become flowable; inserting an
optical fiber through the fiber receiving passage; and
cooling the body to solidify the adhesive composition and
thereby secure the optical fiber within the second pas-
sage section.

[0013] Additional features and advantages will be set
forth in the detailed description which follows, and in part
will be readily apparent to those skilled in the art from the
description or recognized by practicing the embodiments
as described in the written description and claims hereof,
as well as the appended drawings.

[0014] It is to be understood that both the foregoing
general description and the following detailed description
are merely exemplary, and are intended to provide an
overview or framework to understand the nature and
character of the claims.

[0015] The accompanying drawings are included to
provide a further understanding, and are incorporated in
and constitute a part of this specification. The drawings
illustrate one or more embodiment(s), and together with
the description serve to explain principles and operation
of the various embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

FIG. 1 is a perspective view an optical connector
according to an exemplary embodiment.

FIG. 2 is a cross-sectional view of an optical connec-
tor according to an exemplary embodiment.

FIG. 3 is a cross-sectional view similar to FIG. 2 but
showing a portion of optical connector being heated
according to an exemplary embodiment.

FIG. 4 is a cross-sectional similar to FIG. 2 but show-
ing an optical fiber being inserted into the optical con-
nector according to an exemplary embodiment.
FIG. 5 is a detailed view of the area circled in FIG. 4.
FIG. 6 is a cross-sectional of an optical connector
according to an exemplary embodiment.

FIG. 7 is a perspective view a multi-fiber optical con-
nector according to an exemplary embodiment.

DETAILED DESCRIPTION

[0017] Referring generally to the figures, various em-
bodiments of an optical connector preloaded with an ad-
hesive composition are shown. Generally, the optical
connector includes a central fiber receiving passage or
through bore (also referred to as a "ferrule bore") that
extends between afirstend (e.g., first face) and a second
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end (e.g., second face). The fiber receiving passage in-
cludes a large diameter passage section extending in-
wardly from the first face and a small diameter passage
section (also referred to as a "micro-hole section” or sim-
ply "micro-hole") extending inwardly from the second
face of the connector. The micro-hole section is sized to
receive an optical fiber with a small amount of clearance
between the outer surface of the optical fiber and the
inner surface of the micro-hole. A transition section is
located between the large diameter passage section and
the micro-hole and may be a tapered or frustoconical
section providing the transition from the large diameter
passage section to the smaller diameter of the micro-
hole.

[0018] A meltable, substantially solid adhesive com-
position is preloaded into the optical connector and is
maintained primarily in the transition section and/or in
the large diameter passage section. When the optical
connector is to be coupled to an optical fiber, heat may
be focused on the optical connector, e.g., via one or more
lasers, at the location containing the preloaded adhesive
composition causing the adhesive composition to melt.
With the adhesive melted, the optical fiber is passed
through the connector from the first face to the second
face, and the optical fiber passes through the melted ad-
hesive composition pulling the melted adhesive into the
micro-hole along with the optical fiber. The angle of the
transition section acts to guide the tip of the optical fiber
into the micro-hole and also acts to funnel the melted
adhesive composition into the micro-hole. The large di-
ameter of the large diameter passage section and of the
transition section (as compared to that of the micro-hole)
provide sufficient space to store the adhesive composi-
tion within the bore of the connector prior to heating.
[0019] Asdiscussed in more detail below, the meltable
adhesive compositions loaded into the connector may
be an adhesive that melts at relatively high temperatures
(e.g., temperatures over 290 °Celsius), and also solidi-
fies, hardens, or cures quickly once cooled. Because the
adhesive compositions discussed herein solidify quickly
following heating to bind the optical fiber within the con-
nector, the optical connectors discussed herein may sub-
stantially increase the speed at which optical fibers can
be coupled to the connectors. As compared to typical
optical fiber connector adhesives that require relatively
long amounts of time to cure to bind the optical fibers to
connectors, the fast solidification of the adhesives locat-
ed within the connectors discussed herein may provide
substantially increased throughput during fiber connector
attachment. Increased throughput may also allow single
piece flow through during optical fiber connector process-
ing (rather than the batch processing caused by long ad-
hesive cure times). Further, the meltable adhesive com-
positions discussed herein may each be a stable com-
position in a solid, solid powdered, or other stable form
such that the adhesive compositions maybe loaded into
the passage of the connector a long time (e.g., more than
1 day, more than a week, more than a year) before melt-
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ing of the adhesive composition and coupling to the op-
tical fiber. Thus, the optical connector and preloaded ad-
hesive composition may eliminate the need to inject or
otherwise place an adhesive into the optical connector
immediately prior to insertion of the optical fiber.

[0020] Referring to FIG. 1, a mechanical, optical fiber
connector assembly 10 is shown according to an exem-
plary embodiment. Generally, connectorassembly 10 in-
cludes a housing 12 and a crimp body 14. Located within
housing 12 is an optical fiber connector, shown as ferrule
16. Generally, connector assembly 10 holds ferrule 16
during the various processing steps needed to couple
ferrule 16 to an optical fiber.

[0021] Referring to FIG. 2, a cross-sectional view of
connector assembly 10 is shown. Connector assembly
10 includes aferrule holder 18 located within housing 12.
Ferrule holder 18 engages the outer surface of ferrule 16
thereby holding ferrule 16 in place.

[0022] As shown, ferrule 16 generally includes a body
20. In the embodiment shown, body 20 is a substantially
cylindrical body including a first face 22 at a first end and
a second face 24 at a second end. A fiber receiving pas-
sage, shown as central bore 26, extends through body
20 and between first face 22 and second face 24. Central
bore 26 includes a first section, shown as bore section
28, a second section, shown as micro-hole 30, and a
transition section, shown as tapered section 32. Gener-
ally, bore section 28 has a diameter greater than the di-
ameter of micro-hole 30, and tapered section 32 has a
diameter that decreases as the distance to second face
24 decreases (e.g., in the direction from left to right in
the orientation of FIG. 2). The decreasing diameter of
tapered section 32 provides the transition from the larger
diameter of bore section 28 to the smaller diameter of
micro-hole 30. In the embodiment shown, body 20 is a
single, integral piece of material through which central
bore 26 is formed.

[0023] An adhesive composition or bonding agent,
shown as adhesive plug 34, is located within central bore
26 of ferrule 16. As discussed in more detail below, the
adhesive composition of adhesive plug 34 is a meltable
material configured to bond an optical fiber to ferrule 16
within micro-hole 30. In various embodiments, adhesive
plug 34 is a substantially solid body or solid powder that
may be preloaded or stored within ferrule 16 for a signif-
icant amount of time (e.g., an hour, a day, a year, etc.)
before an optical fiber is to be coupled to ferrule 16. In
one such embodiment, adhesive plug 34 maybe formed
within ferrule 16 by the manufacturer of the ferrule.
[0024] As shown, adhesive plug 34 is located primarily
within tapered section 32 and within the inner end of bore
section 28, and is positioned adjacent the entrance to
micro-hole 30 from tapered section 32. In one embodi-
ment, when ferrule 16 is at normal processing tempera-
tures or at room temperature (e.g., between about 15 °C
and 30 °C, less than 40 °C, etc.), adhesive plug 34 is
substantially solid such that it extends between opposing
inner surfaces of tapered section 32 and substantially
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blocks the opening into micro-hole 30 from tapered sec-
tion 32.

[0025] Referring generally to FIGS. 3-5, melting of ad-
hesive plug 34 and coupling of an optical fiber to ferrule
16 is shown according to an exemplary embodiment. Re-
ferringto FIG. 3, inone embodiment, connector assembly
10 is configured to be used in conjunction with a heating
system that focuses heat onto ferrule 16 in such a way
thatadhesive plug 34 is melted without first face 22 and/or
approximately the first third of body 20 of ferrule 16 ad-
jacent first face 22 reaching a temperature high enough
to damage housing 12 and/or crimp body 14.

[0026] Referringto FIG. 3, ferrule 16 is shown support-
ed by heating port 40. Heating port 40 includes an open-
ing 42, and when supported within heating port 40, sec-
ond face 24 of ferrule 16 extends through opening 42.
Heating port 40 includes a reflector 44 that surrounds
opening 42. Reflector 44 includes angled reflective sur-
faces that are positioned relative to ferrule 16 to focus
heat onto a portion of ferrule 16 to melt adhesive plug
34. In one embodiment, heating may be accomplished
by CO2 laser beams 46 that are focused on to approxi-
mately the front third of ferrule 16 (i.e., the third of ferrule
16 adjacent second face 24) by reflector 44.

[0027] In various embodiments, heat is focused onto
the portion of ferrule 16 that includes adhesive plug 34
and micro-hole 30 such that adhesive plug 34 is melted
while heating of other areas of ferrule 16 is limited. In one
embodiment, during heating, the portion of ferrule 16 in-
cluding adhesive plug 34 is heated to above 290 °C) while
the temperature of firstface 22 of ferule 16 remains below
250 °C. In another embodiment, during heating, the por-
tion of ferrule 16 including adhesive plug 34 is heated to
above 350 °C while the temperature of first face 22 of
ferule 16 remains below 250 °C. In another embodiment,
during heating, the portion of ferrule 16 including adhe-
sive plug 34 is heated to above 400 °C while the temper-
ature of first face 22 of ferule 16 remains below 250 °C.
In another embodiment, during heating, the portion of
ferrule 16 including adhesive plug 34 is heated to above
350 °C while the temperature of first face 22 of ferule 16
remains below 200 °C. In another embodiment, during
heating, the portion of ferrule 16 including adhesive plug
34 is heated to between 400 and 600 °C while the tem-
perature of first face 22 of ferule 16 remains below 250 °C.
[0028] In one embodiment, housing 12 includes a
clamping member 50, and in such embodiments, ferrule
16 includes an inner portion 52 located inward from
clamping member 50 within housing 12. In the orientation
of FIG. 3, inner portion 52 of ferrule 16 is the portion of
ferrule 16 located to the left of clamping member 50. In
such embodiments, during heating and melting of adhe-
sive 34, inner portion 52 of ferrule 16 is maintained below
a temperature that will damage housing 12. In one such
embodiment, the portion of ferrule 16 including adhesive
plug 34 is heated to above 290 °C while the temperature
of inner portion 52 of ferule 16 remains below 250 °C. In
another embodiment, the portion of ferrule 16 including
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adhesive plug 34 is heated to above 290 °C while the
temperature of inner portion 52 of ferule 16 remains be-
low 200 °C. In another embodiment, the portion of ferrule
16 including adhesive plug 34 is heated to above 350 °C
while the temperature of inner portion 52 of ferule 16
remains below 200 °C. In another embodiment, the por-
tion of ferrule 16 including adhesive plug 34 is heated to
between 400 and 600 °C while the temperature of inner
portion 52 of ferule 16 remains below 200 °C.

[0029] The larger diameter of bore section 28 (as com-
pared to the smaller diameter of micro-hole 30) results
in a large portion of the volume of ferrule 16 being filled
with air, and the air within ferrule 16 may act as a buffer
or insulator to heat transfer along the length of ferrule 16.
Thus, the insulating effect of the air within bore section
28 may contribute to maintaining inner portion 52 of fer-
rule 16 at alow temperature during heating, as discussed
above. It should be understood that the temperature to
which the portion of ferrule 16 including the adhesive
composition is heated will be based upon the melting
temperature of the particular adhesive composition lo-
cated within in ferrule 16.

[0030] Referring to FIG. 4 and FIG. 5, once adhesive
plug 34 has been heated above its melting temperature
(e.g., 290 °C, 350 °C, 400 °C, etc.), the adhesive com-
position becomes flowable, allowing an optical fiber 54
to be inserted through central bore 26 of ferrule 16. As
shown, optical fiber 54 is inserted into bore 26 in the
direction from first face 22 toward second face 24. Optical
fiber 54 passes through larger diameter bore section 28
and then encounters the flowable adhesive material 56
(i.e., the melted adhesive plug 34). Optical fiber 54 pass-
es through tapered section 32 and into micro-hole 30.
Tapered section 32 acts to funnel or direct the melted
adhesive composition 56 into micro-hole 30, and the vis-
cosity of melted adhesive composition 56 allows optical
fiber 54 to pull adhesive 56 into micro-hole 30. Thus, as
optical fiber 54 passes through micro-hole 30 a thin layer
of adhesive 58 surrounds the outer surface of optical fiber
54 and fills the space between optical fiber 54 and the
inner surface of micro-hole 30. Then with optical fiber 54
in place, ferrule 16 is cooled allowing the melted adhesive
to solidify, bonding optical fiber 54 in place within micro-
hole 30. Following solidification of the adhesive compo-
sition, the additional steps to finish the connector (e.g.,
polishing of optical fiber 54 at second face 24) can be
performed. In some embodiments, ferrule 16 may be ac-
tively cooled, for example by blowing air, to speed the
cooling and solidification process. In other embodiments,
ferrule 16 maybe passively cooled, for example by simply
allowing ferrule 16 and the adhesive composition to re-
turn to a temperature at which the adhesive composition
solidifies.

[0031] Referring to FIG. 6, a detailed view of ferrule 16
including adhesive plug 34 is shown according to an ex-
emplary embodiment. As noted above, ferrule 16 in-
cludes central bore 26 that extends from first face 22 to
second face 24. In the embodiment shown, first face 22
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and second face 24 each define planes at respective first
and second ends of ferrule 16 and the planes are sub-
stantially parallel to each other. However, in other em-
bodiments, first face 22 and/or second face 24 may define
planes positioned at an angle relative to each other (i.e.,
non-parallel planes). In other embodiments, first face 22
and/or second face 24 may not be planar surfaces, and
for example may be convex or concave surfaces.
[0032] Central bore 26 includes larger diameter bore
section 28, which extends from first face 22 to an inner
end 60. Inner end 60 of bore section 28 transitions into
a first end 62 of tapered section 32. Tapered section 32
extends from first end 62 to a second end 64 of tapered
section 32, and second end 64 transitions into an inner
end 66 of micro-hole 30. Micro-hole 30 extends from inner
end 66 to second face 24. Thus, in this manner, bore
section 28, micro-hole 30, and tapered section 32 define
a contiguous fiber receiving passage that extends from
first face 22 to second face 24.

[0033] In various embodiments, ferrule 16 and in par-
ticular the structural arrangement, positioning, and rela-
tive sizing of the portions of central bore 26 provide a
ferrule having the various functional characteristics dis-
cussed herein. In the embodiment shown, ferrule 16 is
substantially cylindrical with an outer surface 70 having
an outer diameter shown as D1, and bore section 28 and
micro-hole 30 are cylindrical or substantially cylindrical
bores each having a constant or substantially constant
diameter along their lengths. InFIG. 6, the inner diameter
of bore section 28 is shown as D2, and the inner diameter
of micro-hole 30 is shown as D3. It should be understood
thatin other embodiments, outer surface 70, bore section
28, and micro-hole 30 may have non-circular cross-sec-
tional shapes (e.g., elliptical, square, rectangular, trian-
gular, etc.), and in such embodiments, outer surface 70,
bore section 28, and micro-hole 30 may have widths that
substantially match the various embodiments of D1, D2
and D3 discussed herein.

[0034] Invarious embodiments, the sizing of the diam-
eter D2 of bore section 28 may allow for the easy or ef-
ficient insertion of adhesive material into ferrule 16 to
form adhesive plug 34. Further, as noted above, the large
diameter D2 relative to outer diameter D1 provides a
large interior cavity that holds air during heating of ferrule
16 which may act as a buffer or insulator limiting heating
of inner section 52 of ferrule 16. In addition, D3 is sized
to closely match the outer diameter of fiber 54 but to allow
enough space for adhesive to bond fiber 54 within micro-
hole 30.

[0035] In various embodiments, D2 may be between
20% and 80% of D1, or specifically between 20% and
60% of D1, or even more specifically between 30% and
50% of D1. In a specific embodiment, D2 is about 40%
of D1. In addition, in various embodiments, D2 may be
greater than twice D3, or specifically greater than four
times D3, and even more specifically between 7 and 9
times D3. In one specific embodiment, D3 is between
0.1255 mm and 0.1260 mm. In one embodiment, D2 is
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between .250 mm and 1.0 mm, and in another embodi-
ment, D2 is between .500 mm and 1.0 mm. In a specific
embodiment, D1 is about2.5 mm, D2 is about 1 mm, and
D3 is about 0.1255 mm. In another specific embodiment,
D1 is about 1.25 mm and D3 is about 0.1255 mm.
[0036] Tapered section 32 has a decreasing diameter
from left to right in the orientation of FIG. 6 (e.g., the
diameter of tapered section 32 decreases as the distance
to second face 24 decreases), and the decreasing diam-
eter of tapered section 32 provides the transition from
D2 to D3. In the embodiment shown, tapered section 32
is a substantially frustoconical-shaped section having an
inner surface 72 positioned at an angle A relative to the
longitudinal axis 74 of ferrule 16. In various embodi-
ments, angle A may be between 30° and 80°, or specif-
ically between 50° and 70°, and even more specifically
be about 60°.

[0037] While FIG. 6 showsthe transition section of cen-
tral bore 26 as a frustoconical, tapered section 32 having
a diameter that is proportional (e.g., linearly related) to
the distance to second face 24. In other embodiments,
inner surface 72 may have other shapes that generally
have variable widths/diameters that decrease as the dis-
tance to second face 24 decreases. Forexample, surface
72 may include steps of decreasing diameter or may be
a surface having a continuously curved but nonlinear re-
lation to the distance to second face 24. As noted above,
the decreasing diameter of tapered section 32 acts to
funnel melted adhesive into micro-hole 30 and also acts
to guide fiber 54 into micro-hole 30 during insertion.
[0038] Further, the relative lengths of ferrule 16, bore
section 28, micro-hole 30, and tapered section 32 may
further contribute to the functionalities discussed herein.
For example, the relative lengths structurally allow for
the placement of adhesive plug 34 adjacent micro-hole
30. As discussed above, such placement may allow fer-
rule to be heated to melt adhesive plug 34 while limiting
heating of the inner portion of ferrule 16.

[0039] As shown, ferrule 16 has an axial length L1,
bore section 28 has an axial length L2, tapered section
32 has an axial length L3, and micro-hole 30 has an axial
length L4. In the embodiment shown, L2 is greater than
L3 and L4, and L4 is greater than L3. In various embod-
iments, L2 maybe greater than 50% of L1, greater than
55% of L1, or even greater than 60% of L1. L2 may be,
for example, between 50% and 70% of L1. In various
embodiments, L4 maybe less than 40% of L1, less than
a third of L1, or even less than 30% of L1. L4 maybe, for
example, between 20% and 40% of L1. In various em-
bodiments, L3 may be less than 30% of L1, less than
20% of L1, or even less than 10% of L1. L3 may be, for
example, between 5% and 15% of L1.

[0040] In the embodiment shown, adhesive plug 34 is
located primarily within tapered section 32 and bore sec-
tion 28 adjacent its inner end 60. In the embodiment
shown, a small portion of adhesive plug 34 may extend
into micro-hole 30 such that adhesive material of plug 34
substantially blocks the opening between tapered sec-

10

15

20

25

30

35

40

45

50

55

tion 32 and micro-hole 30 prior to melting of the adhesive
material.

[0041] In the embodiment shown, all of the adhesive
plug 34 is located within central bore 26 between axial
midpoint 76 and second face 24. In various embodi-
ments, prior to melting of plug 34, atleast 80%, or atleast
90%, or even further, at least 95% of adhesive plug 34
may be located between axial midpoint 76 and second
end 64 of tapered section 32. In various embodiments,
more than 50% of adhesive plug 34 may be located within
tapered section 32. In various embodiments, the mass
of adhesive plug 34 maybe between 0.5 mg and 5 mg,
or between 0.5 mg and 3 mg, or even more specifically
between 1 mg and 2 mg. In a specific embodiment, the
mass of adhesive plug 34 may be about 1.2 mg.

[0042] In some embodiments, tapered section 32 and
bore section 28 provide a storage area for the adhesive
material prior to heating and flowing into micro-hole 30.
In some such embodiments, the adhesive material of ad-
hesive plug 34 may include particles or pellets of adhe-
sive material having an average diameter sufficiently
large compared to the diameter of micro-hole 30, such
that placement of the adhesive material into micro-hole
30 prior to melting is not practical. For example, in certain
embodiments the average diameter of adhesive particles
of adhesive plug 34 maybe greater than 25 % of D3,
greater than 50% of D3, or greater than 75% of D3.
[0043] In general, adhesive plug 34 maybe formed
from a wide variety of meltable adhesive compositions.
In some embodiments, adhesive plug 34 may be formed
from a meltable adhesive that has a relatively high melt-
ing point (e.g., over 290 °C). In such embodiments, the
high melting temperature corresponds to an adhesive
that solidifies relatively quickly (e.g., in less than 30 sec-
onds, less than 20 seconds, less than 15 seconds) once
heating is stopped. The low cooling/solidification time al-
lows optical fibers to be coupled to ferrule 16 relatively
quickly as compared to ferrules that are coupled using
conventional epoxies (which may take as long as 20-30
minutes to cure). In addition, in various embodiments,
the adhesive composition of ferrule 16 may be partially
cross-linkable such that the adhesive partially cross-links
following heating, melting, and solidification. Such par-
tially cross-linked adhesives then resist re-melting if the
ferrule/optical fiber assembly reaches the melting tem-
perature of the adhesive during use. Various embodi-
ments of the adhesive compositions disclosed herein
may also have other desirable properties for the process
of securing an optical fiber within a ferrule, such as, but
not limited to, shortened process cycle time, no required
mixing, and/or no potlife issues.

[0044] In various embodiments, ferrule 16 may be
loaded with adhesive plug 34 at a time and/or location
distantfrom the time and place of opticalfiber attachment.
Inone embodiment, adhesive plug 34 maybe loaded into
ferrule 16 at a first physical location or facility (e.g., a
ferrule manufacturing facility), and then ferrule 16 loaded
with the adhesive may be shipped to a second physical



11 EP 3 004 953 B1 12

location or facility that couples ferrule 16 to an optical
fiber. Thus, adhesive plug 34 maybe coupled within ta-
pered section 32 in various ways such that adhesive plug
34 remains within ferrule 16 during handling, shipping,
packaging, etc. of ferrule 16.

[0045] In one embodiment, adhesive plug 34 is a solid
powdered adhesive composition that is coupled within
tapered section 32 via compression of the powdered ad-
hesive prior to being heated or otherwise cured. In an-
other embodiment, adhesive material is extruded or in-
jection molded into tapered section 32 to form adhesive
plug 34, and in such embodiments, the adhesive material
may comprise a thermoplastic material. Thus, the fer-
rulesdiscussed herein may contain the adhesive material
for along period of time before heating to bond an optical
fiber within the ferrule, such as 8 hours, 16 hours, 1 day,
1week, 1 month, 6 months, 1 year, or even severalyears.
[0046] As used herein, an "adhesive" (or "adhesive
material" or "adhesive composition") is a substance ca-
pable of holding materials together by surface attach-
ment. In one embodiment, the adhesive composition of
adhesive plug 34 may generally comprise a partially
cross-linked resin and a coupling agent. In some embod-
iments, there may be between about 0.1 to about 10 parts
by weight of the coupling agent per 100 parts by weight
of the partially cross-linked resin. In various embodi-
ments, there may be about 0.1, about 0.5, about 1, about
2, about 4, about 6, about 8, or about 10 parts by weight
of the coupling agent per 100 parts by weight of the par-
tially cross-linked resin, or a range between any combi-
nation of the above-mentioned weight ratios.

[0047] As used herein, a "thermoplasticresin” is a ma-
terial that comprises a polymeric material that will repeat-
edly soften when heated and harden when cooled, with-
out polymer chains cross-linking. For example, a ther-
moplastic resin may be repeatedly made soft and hard
through heating and cooling cycles. As used herein,
"cross-linking" or "cross-linked" refers to the chemical
bonding that connects a polymer chain to an adjacent
polymer chain, and "cross-linkable" describes a chemical
species thatbecomes at least partially cross-linked when
sufficient heatis applied. As used herein, "partially cross-
linking" or "partially cross-linked" refers to chemical bond-
ing that connects a polymer chain to an adjacent polymer
chain where not all adjacent chains are bonded, in con-
trast to thermoplastic and thermoset resins; and "partially
cross-linkable" describes a chemical species that be-
comes partially cross-linked when sufficient heat is ap-
plied. It should be understood that when the terms "par-
tially cross-linked" and "partially cross-linkable" are used
to describe polymers of adhesive compositions de-
scribed herein, the same resin is being described at a
specific time of prior to cross-linking or following cross-
linking.

[0048] For example, aresin may be described as par-
tially cross-linkable when it is packed into the ferrule and
has not yet been heated to be partially cross-linked. Fol-
lowing heating, the resin may be partially cross-linked.
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In another embodiment, the resin may be cross-linked
prior to the heating step immediately prior to the insertion
of the optical fiber, such as if the adhesive composition
is injection molded prior to being placed into the ferrule.
However, an injection molded adhesive composition may
still be described as partially cross-linkable, as cross-
linking may take place in the heating step immediately
prior to optical fiber insertion. It should further be under-
stood that when the adhesive composition is described
herein, if the adhesive composition is said to comprise a
partially cross-linked resin then that is equivalent to say-
ing that the adhesive composition comprises a partially
cross-linkable resin prior to that cross-linking step. While
cross-linking may provide a permanence to fix structures
securely together during connector assembly and ther-
moplastic resins may allow for materials to flow in a con-
trolled manner for ferrule manufacturing, partially cross-
linking materials may uniquely and synergistically have
such advantages of both types of materials.

[0049] In one embodiment, the adhesive composition
may comprise the property that at least about 5% by
weight of the resin is cross-linked or cross-linkable and
at least about 5% by weight of the resin is not cross-linked
or cross-linkable. In another embodiment, the adhesive
composition may comprise the property that at least
about 10% by weight of the resin is cross- linked or cross-
linkable and at least about 10% by weight of the resin is
not cross-linked or cross-linkable. In another embodi-
ment, the adhesive composition may comprise the prop-
erty thatatleastabout 20% by weight of the resin is cross-
linked or cross-linkable and at least about 20% by weight
of the resin is not cross-linked or cross-linkable.

[0050] Insomeembodiments,the partially cross-linked
resin materials may have a melting pointattemperatures
of at least about 250 °C, 270 °C, or 290 °C. In some
embodiments, the partially cross-linked resin materials
may cross-link in the presence of air at temperatures of
at least about 300 °C, 325 °C, or 350 °C. Additionally,
the partially cross-linked resin may be capable of bonding
in less than about 5 minutes, 3 minutes, 1 minute, 30
seconds, or even 15 seconds. In contemplated embod-
iments, the partially cross-linked resin does not require
mixing, does not de-air, and/or does not have potlife is-
sues. Inone embodiment, the adhesive composition may
comprise one or more partially cross-linked resins such
as, but not limited to, a partially cross-linked poly(phe-
nylene sulfide).

[0051] In other embodiments, the adhesive composi-
tion may comprise one or more partially or non-partially
cross-linked resins such as, but not limited to, a poly(phe-
nylene oxide), a polyamide-imide, a liquid crystal poly-
mer, a polyether ether ketone, a cyclic olefin copolymer,
or combinations thereof. For example, the poly(phe-
nylene sulfide) may comprise, but is not limited to, Ry-
ton® V-|, available from Chevron Phillips Chemical Com-
pany LLC of The Woodlands, TX, or Fortron® 0205P4
or Fortron® 0203P86, available from Ticona GmbH of
Frankfurt, Germany. The poly(phenylene oxide) may
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comprise, but is not limited to, Sabic SA-102, available
from SABIC of Riyadh, Saudi Arabia. The liquid crystal
polymer may comprise Veectra® A950 VF300l, available
from Ticona of Florence, KY. The polyether ether ketone
may comprise Ketaspire® KT-85I, available from Solvay
S.A. of Brussels, Belgium. The cyclic olefin copolymer
may comprise TOPAS® 5013L-10from Topas Advanced
Polymers.

[0052] The couplingagentmay comprise awide variety
of one or more suitable coupling agents. In one embod-
iment, the coupling agent may comprise an epoxy, ami-
no, or mercapto-functional silane. The silane group on
the coupling agent may comprise an alkoxysilane, an ox-
ime silane, an acetoxy silane. Alternatively, or in combi-
nation with the above-mentioned silane coupling agent,
the coupling agent may comprise a zirconate, a titanate,
or combinations thereof. In one embodiment, the cou-
pling agent may comprise glycidoxypropyl trimethoxysi-
lane, such as gamma-glycidoxypropyltrimethoxy silane.
For example, the coupling agents may comprise
Silquest® A-187, Silquest® A-1100, available from
Crompton Corp. of Middlebury, CT, or Ken-React®
KR55, available from Kenrich Petrochemicals, Inc. of
Bayonne, NJ.

[0053] The combination of a coupling agent and a par-
tially cross-linked resin may produce enhanced adhesion
strength. In particular, the coupling agent may provide a
chemical coupling between: a) the inorganic surface of
the optical fiber and/or the ferrule, and b) the polymer
matrix of the adhesive. After cooling, the partially cross-
linked resin, which may have no functional groups which
can react with inorganic surfaces, may be covalently
bonded to one or both of the optical fiber or ferrule by the
coupling agent. The coupling agent may comprise func-
tional groups specifically capable of bonding covalently
to inorganic materials, and groups specifically capable
of reacting with organic functional groups. The organic
functional group on the coupling agent may comprise
epoxy, amino, mercapto, acrylic ester, or any other or-
ganicfunctionalgroup. Inone embodiment, the functional
group on the coupling agent which reacts with the inor-
ganic materials may be an alkoxysilane. Other possible
groups include an oxime- or acetoxy- silane. In addition
to silane coupling agents, zirconates and titanates have
also been shown to have such coupling capabilities.
[0054] The adhesive composition described herein
may further comprise atleastone thermosetresin. Awide
variety of thermoset resin materials may be used as a
component of the adhesive composition. As used herein,
a "thermoset resin" is a material that comprises at least
one polymeric material that will undergo or has under-
gone a chemical reaction by the action of heat, catalysts,
ultraviolet light, etc., leading to a relatively infusible state.
Examples of suitable thermoset resins may include, but
are not limited to, epoxy resins, such as Bisphenol A
based epoxy or epoxy novo lacs. In one embodiment,
there maybe between about 1 to about 85 parts by weight
of the thermoset resin per 100 parts by weight of the
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partially cross-linked resin. In various embodiments,
there may be about 1, about 5, about 10, about 30, about
50, about 70, about 80, or about 85 parts by weight of
the thermosetresin per 100 parts by weight of the partially
cross-linked resin, or a range between any combination
of the above mentioned weight ratios.

[0055] The combination of athermosetresinand apar-
tially cross-linked resin may produce enhanced adhesion
strength. In particular, after curing at temperature above
300 °C, the adhesive may form a uniform system of ther-
moplastics and a cross-linked network structures
throughout the matrix. The cross-link structure may be
formed not only by the thermoset but also between ther-
moplastics and thermoset. For example, the partially
cross-linked thermoplastic resin may react with the ther-
moset resin at elevated temperatures by a phenol group
at the end of the polymer chain. The formed network
structure may improve integrity of the adhesives and cor-
responding fiber optic connectors to resist environmental
aging and creep under shear stress and promote bonding
strength on the substrates.

[0056] In one embodiment, the adhesive composition
may further comprise a curing agent. The curing agent
may aid in curing a thermoset resin, such as an epoxy
resin, if the adhesive composition comprises such a ther-
moset resin, and/or may aid in curing the coupling agent.
For example, the curing agent may react with the epoxy
groups of a coupling agent and/or thermoset resin. The
curing agent may comprise one or more curing agents
available, such as, but not limited to, an anhydride cur-
ative, an amide curative, an aromatic amine curative, a
dianhydride, a mono acid anhydride, a guanidine com-
pound, an amine curative, or combinations thereof. For
example, the curing agent may comprise a dicyandi-
amide, pyromellitic dianhydride, a dodecylsuccinic anhy-
dride, a urone, a urea, a melamine, a dicyandiamide, or
combinations thereof. In one embodiment, the adhesive
composition further comprises between about 0.2 to
about 50 parts by weight of a curing agent per 100 parts
by weight of the coupling agent. In various embodiments,
there may be about 0.2, about 0.5, about 1, about 5,
about 10, about 20, about 30, about 40, or about 50 parts
by weight of the curing agent per 100 parts by weight of
the coupling agent, or a range between any combination
of the above mentioned weight ratios. In another embod-
iment, the adhesive composition further comprises be-
tween about 0.2 to about 50 parts by weight of a curing
agent per 100 parts by weight of the thermoset resin. In
various embodiments, there may be about 0.2, about0.5,
about 1, about 5, about 10, about 20, about 30, about
40, or about 50 parts by weight of the curing agent per
100 parts by weight of the thermoset resin, or a range
between any combination of the above mentioned weight
ratios. In yet another embodiment, the adhesive compo-
sition further comprises between about 0.2 to about 100
parts by weight of a curing agent per 100 parts by weight
of the sum of the weight of the thermoset resin and the
weight of the coupling agent. In various embodiments,
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there maybe about 0.2, about 0.5, about 1, about 5, about
10, about 30, about 50, about 70, about 90, or about 100
parts by weight ofthe curing agent per 100 parts by weight
of the sum of the weight of the thermoset resin and the
weight of the coupling agent, or a range between any
combination of the above mentioned weight ratios.
[0057] In one embodiment, the adhesive composition
may further comprise one or more filler materials. The
filler material maybe a mineral composition, such as at
least one pyrophosphate of a metal. For example, the
metal may comprise cobalt or magnesium, such that the
filler material is magnesium pyrophosphate, cobalt pyro-
phosphate, or combinations thereof. In one embodiment,
the adhesive composition further comprises between
about 0.5 to about 85 parts by weight of a filler material
per 100 parts by weight of the partially cross-linked resin.
In various embodiments, there maybe about 0.5, about
1, about 5, about 10, about 30, about 50, about 70, about
80, or about 85 parts by weight of the filler material per
100 parts by weight of the thermoset resin, or a range
between any combination of the above mentioned weight
ratios.

[0058] Inone embodiment, thefiller material may com-
prise a material with a negative coefficient of thermal ex-
pansion. As used herein, a material with a negative co-
efficient of thermal expansion refers to a material that
goes through a phase inversion with the accompanying
decrease in volume at atemperature near to, for example
within about 50 °C, about 30 °C, about 20 °C, or about
10 °C, of the glass transition temperature of the partially
cross-linked resin. The inclusion of a material with a neg-
ative coefficient of thermal expansion may aid in main-
taining the density, and therefore the volume, of the ad-
hesive composition when it is heated, such that it does
not expand and apply excessive pressure to the ferrule,
in some circumstances causing the ferrule to crack or
rupture.

[0059] It should be understood that various compo-
nents of the adhesive composition embodiments dis-
closed herein may be combined in any combination in
any ratio disclosed herein. Such various components in-
clude partially cross-linked thermoplastic resins, cou-
pling agents, thermoset resins, curing agents, and filler
materials. Furthermore, while desirable properties of the
adhesive composition maybe caused by the combination
of only two or more of the various components, any com-
bination of the components is contemplated herein. It
should further be understood that where a component of
the adhesive composition is referenced, it may be an
optional component is some embodiments, and is not
required to be in the adhesive composition is all embod-
iments.

[0060] Forexample,in one embodiment, the adhesive
composition may comprise a partially cross-linked resin,
a coupling agent, curing agent, and partially cross-linked
resin. The adhesive composition may comprise between
about 0.1 to about 10 parts by weight of the coupling
agent per 100 parts by weight of the partially cross-linked
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resin, between about 0.2 to about 5 parts by weight of a
curing agent per 100 parts by weight of the partially cross-
linked resin, and between about 0.5 to about 85 parts by
weight of a filler material per 100 parts by weight of the
partially cross-linked resin.

[0061] In some embodiments, the adhesive composi-
tion may be prepared as a solid powder. At least some
of the various components of the adhesive composition
may be solid, and may be ground into a powder, such as
any or all of the partially cross-linked resin, the thermoset
resin, the curing agent, and/or the filler material. The solid
powder materials may be thoroughly mixed. In one em-
bodiment, the coupling agent may be a liquid. However,
the fraction of coupling agent in the blend may be rela-
tively small so the coupling agent may be combined with
one of the solid components of the adhesive composition
and the resulting blend may be a free-flowing powder.
Forexample,in one embodiment, the coupling agent may
be pre-reacted with the thermoplastic powders in an or-
ganic solvent under refluxing conditions. After removal
of the solvent, the treated powder remains. Under the
conditions of refluxing solvent, some of the coupling
agent may have become permanently bonded to the pol-
ymer. Additional embodiments of adhesive compositions
that may be used form adhesive plug 34 and/or conjunc-
tion with the optical connectors discussed herein are dis-
closed in detail in U.S. Patent No. 8,696,215, which is
incorporated herein by reference in its entirety.

[0062] It should be understood while FIGS. 1-6 de-
scribe an adhesive-loaded ferrule configured to be cou-
pled to a single optical fiber, the adhesive compositions,
ferrule central bore structure, and structure of adhesive
plug 34 maybe utilized in a wide variety of fiber optic
connector applications. For example, a multi-fiber con-
nector 100 as shown in FIG. 7 may include a plurality of
central bores 26 and a plurality of adhesive plugs 34 ac-
cording to the various embodiments discussed herein.
The principles discussed herein may also be employed
with mechanical splice fiber optic connectors. Examples
of various single fiber mechanical splice connectors are
provided in U.S. Pat. Nos. 4,755,018; 4,923,274,
5,040,867; and 5,394,496. Examples of various multi-
fiber mechanical splice connectors are provided in U.S.

Pat. Nos. 6,173,097; 6,379,054; 6,439,780; and
6,816,661.
[0063] In various embodiments, a method of forming

an optical connector preloaded within an adhesive com-
position is provided. The method includes providing an
optical connector, and the optical connector includes a
body having a first face and a second face, and a fiber-
receiving passage defined in the body that extends be-
tween afirst opening formed in the first face and a second
opening formed in the second face. The fiber receiving
passage includes a first passage section extending in-
wardly from the first face, and the first passage section
has a firstdiameter. The fiberreceiving passage includes
a second passage section extending inwardly from the
second face, and the second passage section has a sec-
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ond diameter. The second diameter is less than the first
diameter. The fiber receiving passage includes atapered
passage section located between the first passage sec-
tion and the second passage section and having a vari-
able diameter, and the variable diameter of the tapered
section decreases as the distance to the second face
decreases. The method includes placing an adhesive
composition within the tapered passage section, and
storing the optical connector for atleast one day following
the placing step, without coupling the optical connector
to an optical fiber. In various embodiments, the method
may include coupling the adhesive composition to an in-
terior surface of the body at the tapered passage section.
In various embodiments, the coupling step includes so-
lidifying the adhesive composition within the tapered pas-
sage section after the placing of the adhesive composi-
tion. In various embodiments, the placing step may be
at a first location (e.g., a facility for manufacturing the
connector), and the method may further include trans-
porting the optical connectorto a second location atwhich
an optical fiber is coupled to the optical connector.
[0064] Theopticalfibers discussed herein may be flex-
ible, transparent optical fibers made of glass or plastic.
The fibers may function as a waveguide to transmit light
between the two ends of the optical fiber. Optical fibers
may include a transparent core surrounded by a trans-
parent cladding material with a lower index of refraction.
Light may be kept in the core by total internal reflection.
Glass optical fibers may comprise silica, but some other
materials such as fluorozirconate, fluoroaluminate, and
chalcogenide glasses, as well as crystalline materials,
such as sapphire, may be used. The light may be guided
down the core of the optical fibers by an optical cladding
with a lower refractive index that traps light in the core
through total internal reflection. The cladding may be
coated by a buffer and/or another coating(s) that protects
it from moisture and/or physical damage. These coatings
may be UV-cured urethane acrylate composite materials
applied to the outside of the optical fiber during the draw-
ing process. The coatings may protect the strands of
glass fiber. The optical fiber may comprise an inner pri-
mary coating and an outer secondary coating. Optical
fiber coatings maybe applied in concentric layers.
[0065] The optical connectors discussed herein may
typically comprise a ceramic material, such as, but not
limited to, zirconia, alumina, titanium-doped alumina,
glass-filled PPS, or combinations thereof. However, oth-
er materials of construction of the ferrule are contemplat-
ed herein, such as metals, ceramics, polymers, or com-
binations thereof.

[0066] Unless otherwise expressly stated, it is in no
way intended that any method set forth herein be con-
strued as requiring that its steps be performed in a spe-
cific order. Accordingly, where a method claim does not
actually recite an order to be followed by its steps oritis
not otherwise specifically stated in the claims or descrip-
tions that the steps are to be limited to a specific order,
itis no way intended that any particular order be inferred.
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[0067] It will be apparent to those skilled in the art that
various modifications and variations can be made without
departing from the invention. Since modifications com-
binations, sub-combinations and variations of the dis-
closed embodiments incorporating the spirit and sub-
stance of the invention may occur to persons skilled in
the art, the invention should be construed to include eve-
rything within the scope of the appended claims.

Claims
1. An optical fiber connector, comprising:

a body (20) having a first face (22) and a second
face (24);

a passage defined in the body (20) that extends
between a first opening formed in the first face
(22) and a second opening formed in the second
face (24), the passage configured to receive an
optical fiber (54), the passage comprising:

a first passage section extending inwardly
from the first face (22) and having a first
width;

a second passage section extending in-
wardly from the second face (24) and having
a second width, wherein the second width
is less than the first width; and

a transition section located between the first
passage section and the second passage
section; and

an adhesive composition located within the
transition section, wherein the adhesive
composition is a solid material and is con-
figured to bind an optical fiber to an inner
surface (72) of the second passage section
following melting and solidification of the ad-
hesive composition,

wherein the adhesive composition is a solid
powdered adhesive composition coupled to
the transition section via compression of the
solid powdered adhesive within the transi-
tion section.

2. The optical fiber connector of claim 1, wherein the
transition section has a first end and a second end,
wherein an inner end of the first passage section
transitions into the first end of the transition section
and the second end of the transition section transi-
tions into the inner end of the second passage sec-
tion and wherein the adhesive composition is located
within the transition section blocking an inner en-
trance ataninner end ofthe second passage section.

3. The optical fiber connector of claim 2, wherein:

the first passage section is a cylindrical bore ex-
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tending from the first face to the first end of the
transition section and the first width is a first di-
ameter;

the second passage section is a cylindrical bore
extending from the second face to the second
end of the transition section and the second
width is a second diameter;

the first diameter is at least twice the second
diameter;

an axial length of the first passage section is
greater than half an axial length of the body; and
an axial length of the second passage section
is greater than an axial length of the transition
section and is less than a third of the axial length
of the body.

The optical fiber connector of claim 3, wherein the
body has an outer diameter and the first diameter is
greater than 30% of the outer diameter of the body.

The optical fiber connector of any of claims 2-4,
wherein at least 95% of the adhesive composition is
located between an axial midpoint (76) of the body
(20) and the second end of the transition section.

The optical fiber connector of any of claims 1-5,
wherein the transition section has a variable width
that decreases as a distance from the second face
decreases.

The optical fiber connector of claim 6, wherein the
transition section includes a frustoconical inner sur-
face and wherein the frustoconical inner surface is
at an angle between 30° and 80° relative to a longi-
tudinal axis of the body (20), wherein the frustocon-
ical inner surface extends from afirst end of the tran-
sition section to a second end of the transition sec-
tion.

The optical fiber connector of claim 7, wherein the
frustoconical inner surface is located between an ax-
ial midpoint (76) of the body (20) and the second
face.

The optical fiber connector of any of claim claims
1-8, wherein at least 50% of the adhesive composi-
tion is located within the transition section.

The optical fiber connector as in any of claims 1-9,
wherein the adhesive composition is a solid material
when the temperature of the body is less than 40 °C.

The optical fiber connector of any of claims 1-10,
further comprising an optical fiber extending through
the passage from the first face to the second face.

The optical fiber connector of any of claims 1-11,
wherein the first width is at least four times the sec-
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ond width.

13. A method of forming an optical fiber connector ac-

cording to any of claims 1-12, the method compris-
ing:

providing the body (20) and passage of the op-
tical fiber connector;

preparing the adhesive composition as a
solid powder;

placing the adhesive composition within the
transition section of the passage, wherein
placing the adhesive composition within the
transition section comprises coupling the
solid powder to the body (20) within the tran-
sition section via compression; and

storing the opticalfiber connectorfor atleast
one day following the placing step without
coupling the optical fiber connector to an
optical fiber.

14. The method according to claim 13, further compris-

ing:

heating the adhesive composition above a melt-
ing temperature of the adhesive composition,
thereby causing the solid powder to become
flowable;

inserting an optical fiber through the passage;
and

cooling the body to solidify the adhesive com-
position and thereby secure the optical fiber
within the second passage section.

15. The method of claim 14, wherein the optical fiber

pulls the melted adhesive composition into the sec-
ond passage section ofthe passage when the optical
fiber is inserted through the passage.

Patentanspriiche

Lichtwellenleitersteckverbinder, Folgendes aufwei-
send:

einen Korper (20) mit einer ersten Flache (22)
und einer zweiten Flache (24);

einen im Korper (20) definierten Durchgang, der
sich zwischen einer ersten Offnung, die in der
erstenFlache (22) gebildetist, und einer zweiten
Offnung erstreckt, die in der zweiten Flache (24)
gebildetist, wobei der Durchgang zur Aufnahme
eines Lichtwellenleiters (54) ausgelegt ist, wo-
bei der Durchgang aufweist:

einen ersten Durchgangsabschnitt, der sich
von der ersten Flache (22) nach innen er-
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streckt und eine erste Breite hat;

einen zweiten Durchgangsabschnitt, der
sichvonderzweitenFlache (24) nachinnen
erstreckt und eine zweite Breite hat, wobei
die zweite Breite kleiner ist als die erste
Breite; und

einen Ubergangsabschnitt, der sich zwi-
schen dem ersten Durchgangsabschnitt
und dem zweiten Durchgangsabschnitt be-
findet; und

eine adhasive Zusammensetzung, die sich
im Ubergangsabschnitt befindet, wobei die
adhasive Zusammensetzung ein Feststoff
und dazu ausgelegt ist, nach dem Schmel-
zen und Verfestigen der adhasiven Zusam-
mensetzung einen Lichtwellenleiter an eine
Innenflache (72) des zweiten Durchgangs-
abschnitts zu binden,

wobei es sich bei der adhasiven Zusam-
mensetzung um eine adhasive Feststoff-
pulverzusammensetzung handelt, die Uber
eine Kompression des adhasiven Feststoff-
pulvers im Ubergangsabschnitt mit dem
Ubergangsabschnitt verbunden wird.

Lichtwellenleitersteckverbinder nach Anspruch 1,
wobei der Ubergangsabschnitt ein erstes Ende und
ein zweites Ende hat, wobei ein inneres Ende des
ersten Durchgangsabschnitts in das erste Ende des
Ubergangsabschnitts (ibergeht, und das zweite En-
de des Ubergangsabschnitts in das innere Ende des
zweiten Durchgangsabschnitts Ubergeht, und wobei
sich die adhasive Zusammensetzung im Uber-
gangsabschnitt befindet, wodurch ein innerer Ein-
gang an einem inneren Ende des zweiten Durch-
gangsabschnitts blockiert wird.

Lichtwellenleitersteckverbinder nach Anspruch 2,
wobei:

es sich beidem ersten Durchgangsabschnittum
eine zylindrische Bohrung, die sich von der ers-
ten Fléche zum ersten Ende des Ubergangsab-
schnitts erstreckt, und bei der ersten Breite um
einen ersten Durchmesser handelt;

es sich bei dem zweiten Durchgangsabschnitt
um eine zylindrische Bohrung, die sich von der
zweiten Flache zum zweiten Ende des Uber-
gangsabschnitts erstreckt, und bei der zweiten
Breite um einen zweiten Durchmesser handelt;
der erste Durchmesser mindestens das Zweifa-
che des zweiten Durchmessers betragt;

eine axiale Lange des ersten Durchgangsab-
schnitts groRer als eine halbe axiale Lange des
Korpers ist; und

eine axiale Lange des zweiten Durchgangsab-
schnitts groRer als eine axiale Lange des Uber-
gangsabschnitts und kleiner als ein Drittel der

10

15

20

25

30

35

40

45

50

55

12

10.

1.

12.

13.

22
axialen Lange des Korpers ist.

Lichtwellenleitersteckverbinder nach Anspruch 3,
wobei der Kérper einen AulRendurchmesser hat und
der erste Durchmesser groRer als 30% des AulRen-
durchmessers des Korpers ist.

Lichtwellenleitersteckverbinder nach einem der An-
spriche 2 bis 4, wobei sich mindestens 95% der ad-
hasiven Zusammensetzung zwischen einem axialen
Mittelpunkt (76) des Korpers (20) und dem zweiten
Ende des Ubergangsabschnitts befinden.

Lichtwellenleitersteckverbinder nach einem der An-
spriiche 1 bis 5, wobei der Ubergangsabschnitt eine
variable Breite hat, die mitabnehmender Entfernung
von der zweiten Flache abnimmt.

Lichtwellenleitersteckverbinder nach Anspruch 6,
wobei der Ubergangsabschnitt eine kegelstumpffor-
mige Innenflache hat, und wobei sich die kegel-
stumpfférmige Innenflache in einem Winkel zwi-
schen 30° und 80° in Bezug auf eine Langsachse
des Korpers (20) befindet, wobei sich die kegel-
stumpfférmige Innenflache von einem ersten Ende
des Ubergangsabschnitts zu einem zweiten Ende
des Ubergangsabschnitts erstreckt.

Lichtwellenleitersteckverbinder nach Anspruch 7,
wobei sich die kegelstumpfformige Innenflache zwi-
schen einem axialen Mittelpunkt (76) des Korpers
(20) und der zweiten Flache befindet.

Lichtwellenleitersteckverbinder nach einem der An-
spriche 1 bis 8, wobei sich mindestens 50% der ad-
hasiven Zusammensetzung im Ubergangsabschnitt
befinden.

Lichtwellenleitersteckverbinder nach einem der An-
spriche 1 bis 9, wobei die adhésive Zusammenset-
zung ein Feststoff ist, wenn die Temperatur des Kor-
pers weniger als 40°C betragt.

Lichtwellenleitersteckverbinder nach einem der An-
spriche 1 bis 10, darliber hinaus einen Lichtwellen-
leiter aufweisend, der sich durch den Durchgang von
der ersten Flache zur zweiten Flache erstreckt.

Lichtwellenleitersteckverbinder nach einem der An-
spriche 1 bis 11, wobei die erste Breite mindestens
das Vierfache der zweiten Breite betragt.

Verfahren zum Ausbilden eines Lichtwellenleiter-
steckverbinders nach einemder Anspriiche 1 bis 12,
wobei das Verfahren umfasst:

Bereitstellen des Kérpers (20) und Durchgangs
des Lichtwellenleitersteckverbinders;
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Vorbereiten der adhasiven Zusammensetzung
als festes Pulver;

Anordnen der adhasiven Zusammensetzung im
Ubergangsabschnitt des Durchgangs, wobei
das Anordnen der adhasiven Zusammenset-
zung im Ubergangsabschnitt umfasst, das feste
Pulver Uber eine Kompression mit dem Koérper
(20) im Ubergangsabschnitt zu verbinden; und
Lagern des Lichtwellenleitersteckverbinders
nach dem Anordnungsschritt fir mindestens ei-
nen Tag,ohneden Lichtwellenleitersteckverbin-
der mit einem Lichtwellenleiter zu verbinden.

14. Verfahren nach Anspruch 13, dariiber hinaus um-

fassend:

Erwarmen der adhéasiven Zusammensetzung
Uber eine Schmelztemperatur der adhasiven
Zusammensetzung, wodurch bewirkt wird, dass
das feste Pulver flieRfahig wird;

Einsetzen eines Lichtwellenleiters durch den
Durchgang hindurch; und

Abkihlen des Korpers, um die adhasive Zusam-
mensetzung zu verfestigen und dadurch den
Lichtwellenleiter im zweiten Durchgangsab-
schnitt zu befestigen.

15. Verfahren nach Anspruch 14, wobeider Lichtwellen-

leiter die geschmolzene adhasive Zusammenset-
zung in den zweiten Durchgangsabschnitt des
Durchgangs zieht, wenn der Lichtwellenleiter durch
den Durchgang hindurch eingesetzt wird.

Revendications

Connecteur de fibre optique, comprenant :

un corps (20) présentant une premiére face (22)
et une deuxiéme face (24) ;

un passage définidansle corps (20), qui s’étend
entre une premiére ouverture formée dans la
premiére face (22) et une deuxiéme ouverture
formée dans la deuxiéme face (24), le passage
étant configuré pour recevoir une fibre optique
(54), le passage comprenant :

une premiére section de passage s’éten-
dant vers l'intérieur depuis la premiére face
(22) et ayant une premiere largeur ;

une deuxieme section de passage s’éten-
dantvers l'intérieur depuis la deuxiéme face
(24) et ayant une deuxieme largeur, sa-
chantque ladeuxiéme largeur estinférieure
a la premiére largeur ; et

une section de transition située entre la pre-
miére section de passage et la deuxiéme
section de passage ; et
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une composition d’adhésif située a l'inté-
rieur de la section de transition, sachant que
la composition d’adhésif est un matériau so-
lide et est configurée pour lier une fibre op-
tigue a une surface intérieure (72) de la
deuxiéme section de passage suite a la fu-
sion et solidification de la composition d’ad-
hésif,

sachant que la composition d’adhésif est
une composition d’adhésif pulvérisé solide
couplée a la section de transition par com-
pression de 'adhésif pulvérisé solide a l'in-
térieur de la section de transition.

Le connecteur de fibre optique de la revendication
1, sachant que la section de transition présente une
premiere extrémité et une deuxieme extrémité, sa-
chantqu’une extrémité intérieure de la premiére sec-
tion de passage fait transition vers la premiére ex-
trémité de la section de transition et la deuxiéme
extrémité de la section de transition fait transition
vers 'extrémité intérieure de la deuxiéme section de
passage et sachant que la composition d’adhésif est
située a l'intérieur de la section de transition, blo-
quant une entrée intérieure au niveau d’'une extré-
mité intérieure de la deuxiéme section de passage.

Le connecteur de fibre optique de la revendication
2, sachant que :

la premiére section de passage est un alésage
cylindrique s’étendant de la premiére face a la
premiere extrémité de la section de transition et
la premiére largeur est un premier diametre ;
la deuxiéme section de passage est un alésage
cylindrique s’étendant de la deuxiéme face a la
deuxiéme extrémité de la section de transition
et la deuxieme largeur est un deuxiéme
diamétre ;

le premier diamétre est d’au moins deux fois le
deuxiéme diamétre ;

une longueur axiale de la premiére section de
passage est supérieure a une demi-longueur
axiale du corps ; et

une longueur axiale de la deuxiéme section de
passage est supérieure a une longueur axiale
de la section de transition et est inférieure a un
tiers de la longueur axiale du corps.

Le connecteur de fibre optique de la revendication
3, sachant que le corps a un diametre extérieur et le
premier diamétre est supérieur a 30% du diamétre
extérieur du corps.

Le connecteur de fibre optique de 'une quelconque
des revendications 2 a 4, sachant qu’au moins 95%
de la composition d’adhésif est située entre un point
médian axial (76) du corps (20) et la deuxiéme ex-
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trémité de la section de transition.

Le connecteur de fibre optique de I'une quelconque
des revendications 1 a 5, sachant que la section de
transition a une largeur variable qui diminue au fur
et a mesure qu’une distance par rapport a la deuxie-
me face diminue.

Le connecteur de fibre optique de la revendication
6, sachant que la section de transition inclut une sur-
face intérieure tronconique et sachant que la surface
intérieure tronconique se trouve a un angle compris
entre 30° et 80° par rapport & un axe longitudinal du
corps (20), sachant que la surface intérieure tronco-
nique s’étend d’une premiére extrémité de la section
de transition a une deuxiéme extrémité de la section
de transition.

Le connecteur de fibre optique de la revendication
7, sachant que la surface intérieure tronconique est
située entre un point médian axial (76) du corps (20)
et la deuxiéme face.

Le connecteur de fibre optique de I'une quelconque
des revendications 1 a 8, sachant qu’au moins 50%
de la composition d’adhésif est située a I'intérieur de
la section de transition.

Le connecteur de fibre optique selon 'une quelcon-
que des revendications 1 a 9, sachant que la com-
position d’adhésif est un matériau solide lorsque la
température du corps est inférieure a 40 °C.

Le connecteur de fibre optique de I'une quelconque
des revendications 1 a 10, comprenant en outre une
fibre optique s’étendant a travers le passage, de la
premiére face a la deuxiéme face.

Le connecteur de fibre optique de I'une quelconque
des revendications 1 & 11, sachant que la premiére
largeur est d’au moins quatre fois la deuxiéme lar-
geur.

Procédé de formation d’un connecteur de fibre opti-
que selon 'une quelconque des revendications 1 a
12, le procédé comprenant :

la fourniture du corps (20) et d’'un passage du
connecteur de fibre optique ;

la préparation de la composition d’adhésif com-
me poudre solide ;

le placement de la composition d’adhésif a I'in-
térieur de la section de transition du passage,
sachant que le placement de la composition
d’adhésif a I'intérieur de la section de transition
comprend le couplage de la poudre solide au
corps (20) a I'intérieur de la section de transition
par compression ; et
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le stockage du connecteur de fibre optique pen-
dant au moins un jour suivant I'étape de place-
ment sans couplage du connecteur de fibre op-
tique a une fibre optique.

14. Le procédé selon la revendication 13, comprenant

en outre :

le chauffage de la composition d’adhésif au-des-
sus d’une température de fusion de la compo-
sition d’adhésif, ayant pour effet que la poudre
solide devient fluide ;

linsertion d’une fibre optique a travers le
passage ; et

le refroidissement du corps pour solidifier la
composition d’adhésif et fixer ainsi la fibre opti-
que a l'intérieur de la deuxiéme section de pas-
sage.

15. Le procédé de la revendication 14, sachant que la

fibre optique tire la composition d’adhésif fondue
dans la deuxiéme section de passage du passage
lorsque la fibre optique est insérée a travers le pas-
sage.
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