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57 ABSTRACT

A receptacle connector comprises a receptacle ferrule, and a
receptacle housing including a cavity housing the receptacle
ferrule and a cavity housing a plug connector. The receptacle
ferrule includes an optical coupling surface (front surface).
An opening area of the cavity on a cross section vertical to
an inserting direction of the plug connector to the receptacle
housing is smaller than an opening area of the cavity on the
cross section vertical to the inserting direction. In a second
state after being optically coupled, the optical coupling
surface (front surface) is positioned inside the cavity.

US Conec EX1005
IPR2024-00118
U.S. Patent No. 11,340,413



Patent Application Publication

Dec. 7,2017 Sheet 1 of 12

US 2017/0351037 A1

/

Fig.1



Fig.2

30{13)

B, 21a

i 31 34 216 7 &y

N

£ .
e aae——

R / T / { }
§ 3 _."’ /'{ t" t: . i
! 4 " Fagl 4 24

18 34 31 21b | 21
023 4

Z Y

uonedqng uopedddy judeq

T1JO T133YS  LT0T ‘L "»A

IV LEOTSEO0/LT0T SO



Patent Application Publication  Dec. 7,2017 Sheet 3 of 12 US 2017/0351037 A1

<

Rt N

2} a

Fig.3



Patent Application Publication  Dec. 7,2017 Sheet 4 of 12 US 2017/0351037 A1




Patent Application Publication  Dec. 7,2017 Sheet 5 of 12 US 2017/0351037 A1

.
£ T 7T n
N e
o N S
. o e
. 3
™ S
\ <
3
\ x\
d - .\.
= d
- P
Py
/,. Mm - h I
% 4 -l Vs
kS i
Ay ast
S K
% ’ Ve
4
.\\
\\\\
\\\\




uonedqng uopedddy judeq

T1J0 9133YS  LT0T ‘L "9A

IV LEOTSEO0/LT0T SO



Patent Application Publication  Dec. 7,2017 Sheet 7 of 12 US 2017/0351037 A1




Patent Application Publication  Dec. 7,2017 Sheet 8 of 12 US 2017/0351037 A1

>..

K““‘“‘“@

-
et BN ?
. - N

e
Lot
46
e
o
& i ) m
o1 L
o
o
-3
— m e
..gt:w,, m
e
o SO
bt
3
e s ]
-

Fig.8
)



Patent Application Publication  Dec. 7,2017 Sheet 9 of 12 US 2017/0351037 A1

30(13)

Fig.9



Patent Application Publication  Dec. 7,2017 Sheet 10 of 12 US 2017/0351037 A1

Fig.10



Patent Application Publication  Dec. 7,2017 Sheet 11 of 12 US 2017/0351037 A1

21a

7
H
e
1305
308

19

Fig.11



Patent Application Publication  Dec. 7,2017 Sheet 12 of 12 US 2017/0351037 A1




US 2017/0351037 Al

RECEPTACLE CONNECTOR AND OPTICAL
COUPLING STRUCTURE

TECHNICAL FIELD

[0001] The present invention relates to a receptacle con-
nector and an optical coupling structure.

BACKGROUND

[0002] Patent Literature 1 discloses an optical connector
structure for optically coupling two optical fiber groups with
each other. The optical connector structure includes a pair of
ferrules for holding the respective optical fiber groups. Each
of the pair of ferrules includes a lens for collimating light
emitted from an optical fiber and converging light to be
made incident on the optical fiber.

CITATION LIST

Patent Literature

[0003] Patent Literature 1: U.S. Patent Application Publi-
cation No. 2014/0153875

SUMMARY

Technical Problem

[0004] In a structure described in Patent Literature 1, a
housing that houses one ferrule includes a wide opening part
for introducing a housing that houses the other ferule. Then,
an optical coupling part of the pair of ferrules is provided
inside the wide opening part. However, in such a structure,
dirt and dust may intrude from the wide opening part and
stick to the optical coupling part. Sticking of the dirt and dust
to the optical coupling part causes decline of optical cou-
pling efficiency. An object of the present invention is to
provide a receptacle connector and an optical coupling
structure capable of reducing sticking of dirt and dust to an
optical coupling part.

Solution to Problem

[0005] A receptacle connector according to one embodi-
ment of the present invention is a receptacle connector
holding an end of a first optical fiber and optically coupling
the first optical fiber and a second optical fiber by being
connected with a plug connector holding an end of the
second optical fiber, and comprises: a receptacle ferrule; and
a receptacle housing including a first cavity housing the
receptacle ferrule and a second cavity housing the plug
connector. The receptacle ferrule includes a front end, a
holding part holding the end of the first optical fiber, and a
receptacle interface part optically coupled with the end of
the first optical fiber, facing a plug interface part of the plug
connector, enlarging a light beam emitted from the first
optical fiber and emitting the light beam from the front end.
An opening area of the first cavity on a cross section vertical
to an inserting direction of the plug connector to the recep-
tacle housing is smaller than an opening area of the second
cavity on the cross section vertical to the inserting direction.
The receptacle interface part and the plug interface part
define a first state before being optically coupled and a
second state after being optically coupled, and the receptacle
interface part is positioned inside the first cavity in the
second state.
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[0006] An optical coupling structure according to one
embodiment of the present invention is an optical coupling
structure comprising the receptacle connector and the plug
connector, the plug connector includes a plug ferrule includ-
ing the plug interface part and a plug housing housing the
plug ferrule. The plug interface part is optically coupled with
the receptacle interface part, and a distal end of the plug
housing is positioned inside the second cavity and the plug
interface part is positioned inside the first cavity, in the
second state.

Advantageous Effects of Invention

[0007] The receptacle connector and the optical coupling
structure of the present invention can reduce sticking of dirt
and dust to an optical coupling part.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a perspective view illustrating an optical
coupling structure according to a first embodiment of the
present invention.

[0009] FIG. 2 illustrates a cross section in a first state of
the optical coupling structure along an inserting direction.
[0010] FIG. 3 illustrates a cross section in a second state
of the optical coupling structure along the inserting direc-
tion.

[0011] FIG. 4 is a perspective view illustrating a ferrule
suitably used as a receptacle ferrule and a plug ferrule.
[0012] FIG. 5is a sectional view along a V-V line in FIG.
4

[0013] FIG. 6 is a sectional view magnifying and illus-
trating a vicinity of a spacer. (a) illustrates the first state and
(b) illustrates the second state.

[0014] FIG. 7 is a perspective view for describing a part of
a process of manufacturing the ferrule.

[0015] FIG. 8 is a sectional view illustrating the optical
coupling structure according to a first modification.

[0016] FIG. 9 is a sectional view illustrating the optical
coupling structure according to a second modification.
[0017] FIG. 10 is a perspective view magnifying and
illustrating an elastic member in the second modification.
[0018] FIG. 11 is a sectional view illustrating the optical
coupling structure according to a third modification.
[0019] FIG. 12 is a perspective view illustrating an
example of further modifying the receptacle ferrule in the
third modification.

DETAILED DESCRIPTION

Description of Embodiments of the Present
Invention

[0020] Content of the embodiments of the present inven-
tion will be listed and described first. A receptacle connector
according to one embodiment of the present invention is a
receptacle connector holding an end of a first optical fiber
and optically coupling the first optical fiber and a second
optical fiber by being connected with a plug connector
holding an end of the second optical fiber, and comprises: a
receptacle ferrule; and a receptacle housing including a first
cavity housing the receptacle ferrule and a second cavity
housing the plug connector. The receptacle ferrule includes
a front end, a holding part holding the end of the first optical
fiber, and a receptacle interface part optically coupled with
the end of the first optical fiber, facing a plug interface part



US 2017/0351037 Al

of the plug connector, enlarging a light beam emitted from
the first optical fiber and emitting the light beam from the
front end. An opening area of the first cavity on a cross
section vertical to an inserting direction of the plug connec-
tor to the receptacle housing is smaller than an opening area
of the second cavity on the cross section vertical to the
inserting direction. The receptacle interface part and the plug
interface part define a first state before being optically
coupled and a second state after being optically coupled, and
the receptacle interface part is positioned inside the first
cavity in the second state.

[0021] In the receptacle connector, the receptacle interface
part of the receptacle ferrule is positioned not in the second
cavity with the wide opening area but in the first cavity with
the narrow opening area, the first cavity positioned more at
a back of the receptacle housing than the second cavity,
where dirt and dust do not easily intrude. Therefore, sticking
of the dirt and the dust to an optical coupling part of the
receptacle interface part and the plug interface part is
reduced and decline of optical coupling efficiency can be
suppressed.

[0022] In the receptacle connector, the receptacle interface
part may be positioned inside the first cavity also in the first
state. Thus, even before optically coupling the receptacle
interface part and the plug interface part, the sticking of the
dirt and the dust to the receptacle interface part can be
reduced.

[0023] In the receptacle connector, in the second state,
compared to the first state, a position of the receptacle
interface part in the inserting direction may be moved to an
opposite side to the plug connector. Thus, the optical cou-
pling part of the receptacle interface part and the plug
interface part can be easily arranged inside the deep first
cavity with the narrow opening area.

[0024] In the receptacle connector, an inner wall of the
receptacle housing may include a part holding the receptacle
interface part inside the first cavity by being in contact with
the receptacle ferrule. Thus, the optical coupling part of the
receptacle interface part and the plug interface part can be
easily arranged inside the deep first cavity with the narrow
opening area. Further, the opening area of the first cavity is
narrowed further by the part of the receptacle housing in
contact with the receptacle ferrule, and intrusion of the dirt
and the dust can be more effectively reduced.

[0025] In the receptacle connector, the receptacle housing
may further include a spacer provided between the recep-
tacle interface part and the plug interface part, and in the
second state, compared to the first state, a relative position
of the spacer to the receptacle interface part in the inserting
direction may be moved to the receptacle interface part side.
[0026] In the receptacle connector, the spacer is urged
toward the second cavity, and the inner wall of the receptacle
housing may include a part holding the receptacle interface
part inside the first cavity by being in contact with the spacer.
Thus, the optical coupling part of the receptacle interface
part and the plug interface part can be easily arranged inside
the deep first cavity with the narrow opening area. Further,
the opening area of the first cavity is narrowed further by the
part of the receptacle housing in contact with the spacer, and
the intrusion of the dirt and the dust can be more effectively
reduced.

[0027] The receptacle connector may further comprise a
support member arranged at a position where the receptacle
ferrule is pinched with the plug connector in the inserting
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direction, the support member supporting the receptacle
ferrule and restricting movement of the receptacle ferrule to
the opposite side to the plug connector and a first elastic
member arranged between the support member and the
receptacle ferrule, and the first elastic member may be
contracted more in the second state than in the first state.
Thus, a structure of moving the position of the receptacle
interface part in the inserting direction to the opposite side
to the plug connector can be easily realized.

[0028] The receptacle connector may further comprise a
second elastic member arranged at the position where the
receptacle ferrule is pinched with the plug connector in the
inserting direction, the second elastic member supporting
the receptacle ferrule and being fixed to the receptacle
housing, and the second elastic member may be contracted
more in the second state than in the first state. Thus, the
structure of moving the position of the receptacle interface
part in the inserting direction to the opposite side to the plug
connector can be easily realized.

[0029] In the receptacle connector, the second cavity may
house at least a part of a latch lever of the plug connector.
Thus, a gap between the second cavity and the plug con-
nector is narrowed by the latch lever, and the intrusion of the
dirt and the dust can be more effectively reduced.

[0030] The receptacle connector may further comprise a
rod-like guide pin to position the receptacle ferrule and the
plug ferrule by inserting a part into a first guide pin hole of
the receptacle ferrule and inserting the other one part into a
second guide pin hole of the plug ferrule, the first optical
fiber may be a single mode optical fiber, and a difference
between an outer diameter of the guide pin and an inner
diameter of the first guide pin hole and the second guide pin
hole may be a difference used for connection of a multimode
optical fiber. In the receptacle connector, a diameter of the
light beam emitted from the receptacle interface part and a
diameter of the light beam made incident on the receptacle
interface part are larger than a diameter on an end face of the
first optical fiber. Thus, since relative position accuracy of
the receptacle interface part and the plug interface part is
mitigated, the guide pin for the multimode optical fiber can
be used as described above. Thus, tolerance of the guide pin
can be increased and a manufacturing cost can be reduced.

[0031] An optical coupling structure according to one
embodiment of the present invention is an optical coupling
structure comprising any one of the receptacle connectors
and the plug connector, the plug connector includes a plug
ferrule including the plug interface part and a plug housing
housing the plug ferrule. The plug interface part is optically
coupled with the receptacle interface part, and a distal end
of the plug housing is positioned inside the second cavity
and the plug interface part is positioned inside the first
cavity, in the second state. According to the optical coupling
structure, by including any one of the receptacle connectors,
the sticking of the dirt and the dust to the optical coupling
part of the receptacle interface part and the plug interface
part can be reduced, and decline of the optical coupling
efficiency can be suppressed. Since the distal end of the plug
housing is positioned inside the second cavity and the plug
interface part is positioned inside the first cavity in the
second state, a structure is such that the plug interface part
is projected from the distal end of the plug housing. There-
fore, cleaning of the plug interface part is facilitated.
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Details of Embodiments of the Present Invention

[0032] Hereinafter, one aspect of the receptacle connector
and the optical coupling structure of the present invention
will be described in detail with reference to attached draw-
ings. In the description of the drawings, same signs are
attached to same elements, and redundant description is
omitted. In the drawings, an XYZ rectangular coordinate
system is illustrated in the drawings.

[0033] FIG. 1 is a perspective view illustrating an optical
coupling structure 1A according to a first embodiment of the
present invention. The optical coupling structure 1A
includes a receptacle connector 10A and a plug connector
20. The receptacle connector 10A holds an end of a first
optical fiber to be described later, and optically couples the
first optical fiber and a second optical fiber by being con-
nected with the plug connector 20 holding an end of the
second optical fiber. The receptacle connector 10A includes
a receptacle housing 11 roughly in a rectangular parallel-
epiped shape. The receptacle housing 11 includes a cavity 18
(second cavity) housing the plug connector 20. The cavity
18 extends in the inserting direction (Z direction) of the plug
connector 20, and the cross section (XY cross section) of the
cavity 18 vertical to the inserting direction is roughly
rectangular. Furthermore, the plug connector 20 includes a
plug housing 21 roughly in a rectangular parallelepiped
shape. A latch lever 21a is provided on one outer side face
of the plug housing 21. The cavity 18 houses at least a part
of the latch lever 21a, and a latch engaging part to engage
with the latch lever 21a is provided on one inner side face
of the cavity 18. When the plug connector 20 is inserted into
the cavity 18, the latch lever 21a and the latch engaging part
engage with each other and thus, getting-out of the plug
connector 20 is prevented.

[0034] FIG. 2 and FIG. 3 illustrate a cross section of the
optical coupling structure 1A along the inserting direction.
FIG. 2 illustrates a state (referred to as the first state,
hereinafter) before the plug connector 20 is inserted into the
receptacle connector 10A, and FIG. 3 illustrates a state
(referred to as the second state, hereinafter) that the plug
connector 20 is inserted into the receptacle connector 10A.
[0035] As illustrated in FIG. 2 and FIG. 3, the receptacle
connector 10A further includes, in addition to the receptacle
housing 11, a receptacle ferrule 13, a spacer 14, a pin keeper
15, two rod-like guide pins 16 and a support member 19.
Furthermore, the receptacle housing 11 includes, in addition
to the cavity 18, a cavity 17 (first cavity) housing the
receptacle ferrule 13. The plug connector 20 further includes
a plug ferrule 23 housed in the plug housing 21 in addition
to the plug housing 21.

[0036] The receptacle ferrule 13 and the plug ferrule 23
have the mutually same configuration. FIG. 4 is a perspec-
tive view illustrating a ferrule 30 suitably used as the
receptacle ferrule 13 and the plug ferrule 23. FIG. 5 is a
sectional view along a V-V line in FIG. 4. As illustrated in
FIG. 4 and FIG. 5, the ferrule 30 includes a ferrule main
body part 31, and a GRIN lens array 34. In the receptacle
ferrule 13, the ferrule main body part 31 includes a holding
hole 33 that is a holding part holding an end of an optical
fiber F2. The GRIN lens array 34 includes a receptacle
interface part 135 optically coupled with the end of the
optical fiber F2 and enlarging and emitting the light beam
emitted from the optical fiber F2. Thus, the ferrule 30 as the
receptacle ferrule 13 includes the receptacle interface part
135 at a front end 30a, and the enlarged light beam is emitted
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from the front end 30a. Also in the plug ferrule 23, the
ferrule main body part 31 includes a holding part, and the
GRIN lens array 34 includes a plug interface part 235.
[0037] The ferrule main body part 31 is a so-called MT
ferrule, and has a roughly rectangular parallelepiped outer
shape. Specifically, the ferrule main body part 31 includes a
front end face 31a, a rear end face 3154, and a side face 31c.
The front end face 31a and the rear end face 315 extend
along an XY plane respectively, and face each other in a Z
direction. The side face 31¢ extends along a ZX plane, and
connects the front end face 31a and the rear end face 315.
[0038] The ferrule main body part 31 holds the ends of the
plurality of optical fibers F2 configuring an optical cable F1.
The optical fiber F2 corresponds to a first optical fiber in the
receptacle ferrule 13, and the optical fiber F2 corresponds to
a second optical fiber in the plug ferrule 23. On the rear end
face 315 of the ferrule main body part 31, an introducing part
32 (see FIG. 5) for introducing the optical cable F1 is
opened. The introducing part 32 holds the optical cable F1
formed by integrating the plurality of optical fibers F2. The
introducing part 32 passes through toward the front end face
31a, and includes a window 32a opened to the side face 31¢
in the middle of passing through. The introducing part 32
includes the plurality of holding holes 33 provided to
individually hold the optical fiber F2 in front of the window
32a. The holding hole 33 includes a large diameter part 33a
on the window 32a side, and a small diameter part 335 on
the front end face 31a side. The large diameter part 33a
holds a resin coated part F2a of the part of the optical fiber
F2 from which a coating resin Fla for integrating the
plurality of optical fibers F2 is removed. The small diameter
part 3356 holds a bare fiber part F25 of the optical fiber F2
from which the resin coating is also removed. An inner
diameter of the small diameter part 335 is smaller than an
inner diameter of the large diameter part 33a. As illustrated
in FIG. 5, a distal end of the bare fiber part F25 is exposed
at the front end face 31a.

[0039] The optical cable F1 and the plurality of optical
fibers F2 configuring the optical cable F1 are inserted from
the rear of the ferrule main body part 31 to be held by the
introducing part 32, and are fixed by curing of an adhesive
agent introduced from the window 32a. The front end face
31a is polished and a distal end face of the optical fiber F2
exposed at the front end face 31a becomes flat. The optical
fiber F2 may be a single mode optical fiber or a multimode
optical fiber, or may be an optical fiber of other kinds.
[0040] The GRIN lens array 34 is fixed to the front end
face 31a of the ferrule main body part 31 by bonding. The
GRIN lens array 34 includes a front surface 344 having the
receptacle interface part 135 (or the plug interface part 235),
and a back surface 345 facing the front end face 31a of the
ferrule main body part 31. The receptacle interface part 135
is arranged on the end face (front end 30a) of the receptacle
ferrule 13, and the plug interface part 235 is arranged on the
end face (front end 30q) of the plug ferrule 23. The recep-
tacle interface part 135 and the plug interface part 235 face
each other, and define the first state (see FIG. 2) before being
optically coupled, and the second state (see FIG. 3) after
being optically coupled.

[0041] The GRIN lens array 34 includes a plurality of
GRIN lenses (optical elements) 35 optically coupled with
the plurality of optical fibers F2 respectively. The plurality
of GRIN lenses 35 are arranged in an array shape within the
XY plane, and respectively bonded and fixed to a plurality
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of lens holding holes 34c¢ (see FIG. 5) passing through from
the back surface 345 to the front surface 34a. The plurality
of GRIN lenses 35 are optically coupled with the end of the
corresponding optical fiber F2 respectively, enlarge the light
beam emitted from the optical fiber F2, and emit the light
beam from the receptacle interface part 135 (or the plug
interface part 235). The enlarged beam emitted from the plug
interface part 236 (or the receptacle interface part 135) is
received in the receptacle interface part 136 (or the plug
interface part 235), converged at the GRIN lenses 35, and
coupled to the optical fiber F2. The plurality of GRIN lenses
35 are, for example, graded index fibers configured such that
a refractive index declines gradually from a center to an
outer periphery.

[0042] The front surface 34a and the back surface 3456 of
the GRIN lens array 34 are smoothed by polishing treatment.
The back surface 345 is bonded and fixed to the front end
face 31a of the ferrule main body part 31 in the state that the
respective optical fibers F2 and the respective GRIN lenses
35 are optically coupled with each other.

[0043] As illustrated in FIG. 4, the ferrule 30 further
includes two guide pin holes 36. The guide pin holes 36
extend in the Z direction, and are lined in an X direction and
formed to hold the plurality of optical fibers F2 in between.
The guide pin hole 36 is formed by communicating a guide
pin hole formed at the ferrule main body part 31 and a guide
pin hole formed at the GRIN lens array 34 in the Z direction.
The guide pin hole 36 corresponds to a first guide pin hole
in the receptacle ferrule 13, and the guide pin hole 36
corresponds to a second guide pin hole in the plug ferrule 23.
[0044] A part (front part) of the guide pin 16 illustrated in
FIG. 2 and FIG. 3 is inserted into the guide pin hole 36 of
the receptacle ferrule 13, and the other one part (rear part)
of the guide pin 16 is inserted into the guide pin hole 36 of
the plug ferrule 23. Thus, the receptacle ferrule 13 and the
plug ferrule 23 can be positioned. When the optical fiber F2
is the single mode optical fiber, a difference between the
outer diameter of the guide pin 16 and the inner diameter of
the guide pin hole 36 may be a difference used for the
connection of the multimode optical fiber.

[0045] FIG. 2 and FIG. 3 are referred to again. As
described above, the receptacle housing 11 includes the
cavity 17 (first cavity) and the cavity 18 (second cavity). The
cavities 17 and 18 are communicated in the Z direction that
is the inserting direction of the plug connector 20. The
receptacle ferrule 13 is housed in the cavity 17, and the plug
connector 20 is housed in the cavity 18. Then, sizes of the
cavities 17 and 18 in a view from the Z direction are different
from each other. That is, the opening area of the cavity 17
on the cross section (XY cross section) vertical to the
inserting direction of the plug connector 20 is smaller than
the opening area of the cavity 18 on the cross section (XY
cross section) vertical to the inserting direction. In the
present embodiment in particular, an inside dimension of the
cavity 18 in the X direction is larger than an inside dimen-
sion of the cavity 17 in the same direction, for space needed
for housing the latch lever 21a.

[0046] The pin keeper 15 and the support member 19 are
provided inside the cavity 17. The pin keeper 15 is supported
by the support member 19, and also supports the receptacle
ferrule 13 by holding one end of the guide pin 16. The
support member 19 is fixed to the receptacle housing 11. The
support member 19 is arranged at a position where the
receptacle ferrule 13 is pinched with the plug connector 20

Dec. 7, 2017

in the Z direction, supports the receptacle ferrule 13 through
the pin keeper 15, and restricts movement of the receptacle
ferrule 13 to the opposite side to the plug connector 20. By
such a configuration, the receptacle ferrule 13 into which the
guide pin 16 is inserted is positioned inside the cavity 17.

[0047] The spacer 14 is provided between the front end
30a of the receptacle ferrule 13 and the front end 30a of the
plug ferrule 23, and separates the receptacle interface part
135 and the plug interface part 2356 from each other. FIG. 6
is a sectional view magnifying and illustrating a vicinity of
the spacer 14. FIG. 6(a) illustrates the first state, and FIG.
6(b) illustrates the second state. In the first state (see FIG.
6(a)) before the plug connector 20 is inserted, the spacer 14
is housed inside the receptacle housing 11. The spacer 14
shows a planar shape, and includes a first surface 14a and a
second surface 144 facing in the Z direction. The first
surface 14a faces the front end 30a of the receptacle ferrule
13, and the second surface 145 faces the front end 30a of the
plug ferrule 23. The spacer 14 includes an opening 14¢ for
making the light beam pass through at a center part within
the XY plane. The opening 14¢ passes through from the first
surface 14a to the second surface 1454, and makes the
receptacle interface part 135 and the plug interface part 235
face each other.

[0048] The spacer 14 further includes two guide pin holes
14d for inserting the two guide pins 16. The guide pin holes
14d are lined in the X direction and formed to hold the
opening 14¢ in between. In the first state, the guide pin holes
144 are communicated with the guide pin holes 36 of the
receptacle ferrule 13, and the guide pins 16 are held in the
state of being inserted into the guide pin holes 14d and 36.
The inner diameter of one part on the first surface 14a side
of the guide pin hole 144 is larger than the inner diameter of
the other part on the second surface 145 side, and an elastic
member 51 to be expanded and contracted in the Z direction
is inserted into the one part. The elastic member 51 is a coil
spring for example, and is arranged to house the guide pin
16 on the inner side. One end of the elastic member 51 is in
contact with the spacer 14, and the other end of the elastic
member 51 is in contact with the receptacle ferrule 13.
[0049] An outer peripheral surface 14e of the spacer 14
has a tapered shape that is gradually narrowed toward the
cavity 18. Then, on the inner wall of the cavity 17 of the
receptacle housing 11, a surface 17a to be in contact with the
outer peripheral surface 14e of the spacer 14 is formed.
Thus, in the first state illustrated in FIG. 6(a), the elastic
member 51 urges the spacer 14 toward the cavity 18, and by
the surface 17a being in contact with the outer peripheral
surface 14e, the receptacle interface part 135 is positioned
inside the cavity 17. The first surface 14a of the spacer 14
and the receptacle interface part 135 are separated from each
other. Then, in the second state illustrated in FIG. 6(5), by
the spacer 14 being pushed by the plug ferrule 23, compared
to the first state, the relative position of the spacer 14 to the
receptacle interface part 135 in the Z direction is moved to
the receptacle interface part 136 side. The outer peripheral
surface 14e of the spacer 14 and the surface 17a are
separated from each other. Even in the state, the receptacle
interface part 134 is positioned inside the cavity 17.
[0050] FIG. 2 and FIG. 3 are referred to again. The plug
connector 20 further includes, in addition to the plug hous-
ing 21 and the plug ferrule 23, an elastic member 24 and a
support member 29. The support member 29 is fixed to an
inner rear end of the plug housing 21. The support member
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29 includes a latch restricting part 29a for restricting the
latch lever 21a of the plug housing 21 so as not to be
widened too much.

[0051] The elastic member 24 is, for example, a coil
spring to be expanded and contracted in the Z direction, and
is arranged between the plug ferrule 23 and the support
member 29 inside the plug housing 21. The elastic member
24 urges the plug ferrule 23 to the front (direction to the
receptacle ferrule 13). It is preferable that elastic force of the
elastic member 24 is greater than elastic force of the elastic
member 51 (see FIG. 4) provided in the spacer 14. On an
inner surface of the plug housing 21, a part 215 is provided.
The part 215 is in contact with a projection formed on a side
face of the ferrule main body part 31 of the plug ferrule 23.
Thus, the plug ferrule 23 is held inside the plug housing 21
while being urged by the elastic member 24. The plug
interface part 2354 is projected from the front end of the plug
housing 21.

[0052] When the plug connector 20 illustrated in FIG. 2 is
inserted into the cavity 18 of the receptacle housing 11, the
guide pins 16 are inserted into the guide pin holes 36 of the
plug ferrule 23. Thus, the receptacle ferrule 13 and the plug
ferrule 23 are positioned within the XY plane.

[0053] When the plug ferrule 23 is inserted further in the
state that the guide pins 16 are inserted into the plug ferrule
23, as illustrated in FIG. 3, the plug interface part 235 is
brought into contact with the second surface 144 of the
spacer 14. Then, when the plug ferrule 23 is inserted further,
the elastic member 51 is contracted, and the position of the
second surface 144 in the Z direction is moved to the
receptacle ferrule 13 side. Then, the first surface 14a of the
spacer 14 is brought into contact with the receptacle inter-
face part 135. In the state, the latch lever 21a engages with
the latch engaging part, and the receptacle connector 10A
and the plug connector 20 are connected to each other. Since
a gap is generated between the receptacle ferrule 13 and the
spacer 14 and the receptacle housing 11, and between the
plug ferrule 23 and the plug housing 21, the receptacle
ferrule 13 and the plug ferrule 23 are turned to a floating
state, and the configuration becomes such that external force
is not easily transmitted to the coupling part.

[0054] The plug interface part 235 is projected more than
the front end of the plug housing 21 so that the plug interface
part 235 advances into the cavity 17, and is optically coupled
with the receptacle interface part 135. Thus, the distal end of
the plug housing 21 is positioned inside the cavity 18, and
the receptacle interface part 1356 is positioned inside the
cavity 17.

[0055] Effects obtained by the optical coupling structure
1A and the receptacle connector 10A according to the
present embodiment will be described. In the receptacle
connector 10A, the receptacle interface part 135 is posi-
tioned not in the cavity 18 with the wide opening area but in
the cavity 17 with the narrow opening area, the cavity 17
positioned more at the back of the receptacle housing 11 than
the cavity 18, where the dirt and the dust do not easily
intrude. Therefore, the sticking of the dirt and the dust to the
optical coupling part of the receptacle interface part 135 and
the plug interface part 235 is reduced and the decline of the
optical coupling efficiency can be suppressed.

[0056] As in the present embodiment, the receptacle inter-
face part 135 may be positioned inside the cavity 17 also in
the first state. Thus, even before optically coupling the
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receptacle interface part 135 and the plug interface part 235,
the sticking of the dirt and the dust to the receptacle interface
part 136 can be reduced.

[0057] As in the present embodiment, the receptacle hous-
ing 11 may include the spacer 14 between the receptacle
interface part 135 and the plug interface part 235, and in the
second state, compared to the first state, the relative position
of the spacer 14 to the receptacle interface part 135 in the Z
direction may be moved to the receptacle interface part 135
side. Thus, the floating state of the receptacle ferrule 13 and
the plug ferrule 23 can be suitably realized. The spacer 14
can be configured by a planar member, and a structure of the
spacer 14 is simplified. Both in the first state and in the
second state, the optical coupling part of the receptacle
interface part 1356 and the plug interface part 235 can be
easily arranged at the back of the receptacle housing 11.

[0058] As in the present embodiment, the spacer 14 is
urged toward the cavity 18, and the inner wall of the
receptacle housing 11 may include the part (surface 17q)
holding the receptacle interface part 134 inside the cavity 17
by being in contact with the spacer 14. Thus, the optical
coupling part of the receptacle interface part 135 and the
plug interface part 235 can be easily arranged inside the deep
cavity 17 with the narrow opening area. Further, the opening
area of the cavity 17 is narrowed further by the part (surface
17a) of the receptacle housing 11 in contact with the spacer
14, and the intrusion of the dirt and the dust can be more
effectively reduced. It is preferable that the elastic force of
the elastic member 51 urging the spacer 14 toward the cavity
18 is smaller than the elastic force of the elastic member 24
provided in the plug connector 20. Thus, the spacer 14 is
surely moved back, and the receptacle ferrule 13 and the
plug ferrule 23 can be turned to the floating state.

[0059] As in the present embodiment, the cavity 18 may
house at least a part of the latch lever 21a. Thus, the gap
between the cavity 18 and the plug connector 20 is narrowed
by the latch lever 21a, and the intrusion of the dirt and the
dust can be more effectively reduced.

[0060] As in the present embodiment, in the case that the
optical fiber F2 is the single mode optical fiber, the differ-
ence between the outer diameter of the guide pin 16 and the
inner diameter of the guide pin hole 36 may be the difference
used for the connection of the multimode optical fiber. In the
receptacle connector 10A of the present embodiment, by the
GRIN lenses 35, the diameter of the light beam emitted from
the receptacle interface part 135 and the diameter of the light
beam made incident on the receptacle interface part 135 are
larger than the diameter on the distal end face of the optical
fiber F2, and the light beam is transferred between the
receptacle interface part 135 and the plug interface part 235
in such a large diameter. Thus, since the relative position
accuracy of the receptacle interface part 135 and the plug
interface part 235 is mitigated, the guide pin 16 for the
multimode optical fiber can be used as described above.
Thus, the tolerance of the guide pin 16 can be increased and
the manufacturing cost can be reduced.

[0061] As in the present embodiment, the distal end of the
plug housing 21 may be positioned inside the cavity 18 and
the plug interface part 235 may be positioned inside the
cavity 17 in the second state. Thus, the structure is such that
the plug interface part 235 is projected from the distal end
of the plug housing 21. Therefore, the cleaning of the plug
interface part 235 is facilitated. Thus, since an opening part
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of the cavity 17 is narrowed further by the plug ferrule 23,
the intrusion of the dirt and the dust can be more effectively
reduced in the second state.

[0062] FIG.7 is a perspective view for describing a part of
a process of manufacturing the ferrule 30. When attaching
the GRIN lens array 34 to the front end face 31a of the
ferrule main body part 31, the relative positions of the
ferrule main body part 31 and the GRIN lens array 34 are
fixed by a jig guide pin 61. While keeping the state, the
adhesive agent interposed between the front end face 31a
and the back surface 345 is cured.

[0063] At the time, accuracy of a relative position relation
of the ferrule main body part 31 and the GRIN lens array 34
is important. If the ferrule main body part 31 and the GRIN
lens array 34 were shifted from each other, an optical axis of
the optical fibers F2 and an optical axis of the GRIN lenses
35 would be shifted from each other. In that case, the optical
axis of the light beam emitted from the optical fibers F2
would be bent by the GRIN lenses 35 and would be inclined
to the Z direction which was a connecting direction.
[0064] When the light beam of the enlarged diameter is
transferred between the receptacle ferrule 13 and the plug
ferrule 23, and/or when the light beam is emitted in parallel
with the Z direction which is the connecting direction as in
the present embodiment, it is resistant to axial deviation of
the receptacle ferrule 13 and the plug ferrule 23, as described
above. However, when the light beam is inclined relative to
the Z direction and emitted, connection loss due to the axial
deviation becomes large. When the optical axis of the light
beam is preset to be inclined to the Z direction, if an
inclination angle of the optical axis deviates from a desired
angle, the connection loss becomes large.

[0065] Then, in order to improve positioning accuracy of
the ferrule main body part 31 and the GRIN lens array 34,
it is preferable to use a guide pin for single mode connection
as a jig guide pin 61. The guide pin for the single mode
connection is the one for which the difference between the
inner diameter of the guide pin hole 36 and the outer
diameter of the guide pin is equal to or smaller than 1 pm.
When the outer diameter of the guide pin changes in an axial
direction, the outer diameter of the guide pin here is an
average value of the outer diameter in the axial direction.
Thus, position deviation of the ferrule main body part 31 and
the GRIN lens array 34 becomes equal to or smaller than 1
um, and the connection loss due to the axial deviation can be
effectively reduced.

[0066] After the ferrule main body part 31 and the GRIN
lens array 34 are connected, the jig guide pin 61 is detached.
Thus, even though the highly accurate guide pin for the
single mode connection is expensive, it can be repeatedly
used and the manufacturing cost can be reduced.

First Modification

[0067] FIG. 8 is a sectional view illustrating an optical
coupling structure 1B according to the first modification of
the embodiment. FIG. 8 illustrates the second state after
coupling. A difference between the present modification and
the embodiment is a structure of a receptacle connector 10B
for floating the receptacle ferrule 13.

[0068] As illustrated in FIG. 8, the receptacle connector
10B of the present modification further includes an elastic
member 52 in addition to the structure of the receptacle
connector 10A. The elastic member 52 is provided between
the support member 19 and the pin keeper 15 inside the
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cavity 17. The elastic member 52 is an example of a first
elastic member in the present modification, and urges the
receptacle interface part 135 toward the cavity 18. Then, in
the second state, by the plug ferrule 23 pushing the spacer
14 and the receptacle ferrule 13, the elastic member 52 is
contracted more than in the first state. Thus, the position of
the receptacle interface part 135 in the Z direction is moved
to the opposite side to the plug connector 20.

[0069] The elastic force of the elastic member 52 is set to
be greater than the elastic force of the elastic member 51
provided in the spacer 14, and to be roughly equal to or
greater than the elastic force of the elastic member 24
provided in the plug connector 20. Thus, the elastic member
51 can be surely contracted in the second state. Even when
tensile force is applied to the optical cable F1 in the second
state, since the elastic member 52 can be expanded and
contracted, an optical coupling state of the receptacle ferrule
13 and the plug ferrule 23 can be maintained. Thus, reli-
ability of the optical coupling structure 1B against the tensile
force to the optical cable F1 can be further improved.
[0070] Furthermore, according to the present modifica-
tion, the receptacle ferrule 13 and the plug ferrule 23 are
turned to the floating state, and the configuration becomes
such that the external force is not easily transmitted to the
coupling part. The optical coupling part of the receptacle
interface part 135 and the plug interface part 235 can be
easily arranged at the back of the receptacle housing 11.
[0071] In the present modification, since the elastic mem-
bers 52 and 24 are arranged between the support members
19 and 29 and the ferrules 13 and 23 in both of the receptacle
connector 10B and the plug connector 20, sufficient resis-
tance against the tensile force in the Z direction is realized.
However, when desired resistance is low, only one of the
elastic members 52 and 24 may be arranged. For example,
in the modification, the elastic member 24 of the plug
connector 20 can be omitted.

Second Modification

[0072] FIG. 9 is a sectional view illustrating an optical
coupling structure 1C according to the second modification
of the embodiment. FIG. 9 illustrates the second state after
coupling. A difference between the present modification and
the embodiment is a structure of a receptacle connector 10C
for floating the receptacle ferrule 13.

[0073] As illustrated in FIG. 9, the receptacle connector
10C of the present modification includes an elastic member
53 instead of the support member 19 of the receptacle
connector 10A. The elastic member 53 is fixed to the
receptacle housing 11 inside the cavity 17, and is arranged
at a position where the receptacle ferrule 13 is pinched with
the plug connector 20 in the Z direction. Then, the elastic
member 53 elastically supports the receptacle ferrule 13
through the pin keeper 15. The elastic member 53 is an
example of a second elastic member in the present modifi-
cation. In the second state, by the plug ferrule 23 pushing the
spacer 14 and the receptacle ferrule 13, the elastic member
53 is contracted more than in the first state. Thus, the
position of the receptacle interface part 135 in the Z direc-
tion is moved to the opposite side to the plug connector 20.
[0074] FIG. 10 is a perspective view magnifying and
illustrating the elastic member 53. To the elastic member 53,
a structure which is easily elastically deformable in at least
a part is introduced. Specifically, the elastic member 53 has
a roughly rectangular parallelepiped outer shape, and a
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projection part 535 for the pin keeper 15 to be in contact is
provided on a surface 53a facing the pin keeper 15. Thus, the
force in the Z direction applied to the receptacle ferrule 13
is concentrated on a specific part (projection part 535) of the
elastic member 53. A space part 53¢ is provided on a back
side of the projection part 535, and the part of the elastic
member 53 including the projection part 536 is made
movable in the Z direction. The elastic member 53 further
includes a pawl part 534, and by the pawl part 53d engaging
with the receptacle housing 11, the elastic member 53 is
fixed to the receptacle housing 11.

[0075] The elastic force of the elastic member 53 is set to
be greater than the elastic force of the elastic member 51
provided in the spacer 14, and to be roughly equal to or
greater than the elastic force of the elastic member 24
provided in the plug connector 20. Thus, the elastic member
51 can be surely contracted in the second state. Even when
the tensile force is applied to the optical cable F1 in the
second state, since the elastic member 53 can be expanded
and contracted, the optical coupling state of the receptacle
interface part 1356 and the plug interface part 235 can be
maintained. Thus, the reliability of the optical coupling
structure 1C against the tensile force to the optical cable F1
can be further improved.

[0076] The receptacle connector 10C of the present modi-
fication is the one for which elasticity is given to the support
member 19 of the embodiment and the elastic member 52 of
the first modification is omitted. Thus, since the effects
similar to that of the first modification can be obtained while
suppressing the number of parts, a cost can be reduced, and
a length in the Z direction of the receptacle connector 10C
can be shortened.

Third Modification

[0077] FIG. 11 is a sectional view illustrating an optical
coupling structure 1D according to the third modification of
the embodiment. FIG. 11 illustrates the second state after
coupling. A difference between the present modification and
the first modification is a configuration for positioning the
receptacle ferrule 13 inside the receptacle housing 11, to be
more in detail, the configuration for positioning it in the Z
direction.

[0078] In the present modification, the spacer is not pro-
vided between the receptacle ferrule 13 and the plug ferrule
23, and in the second state, the front end 30a of the
receptacle ferrule 13 and the front end 30a of the plug ferrule
23 are in contact with each other. That is, the receptacle
interface part 136 and the plug interface part 235 are
recessed to the front surface 34a of the GRIN lens array 34.
Then, by the front surfaces 34a of such GRIN lens arrays 34
being in contact with each other, the receptacle interface part
135 and the plug interface part 235 face each other at an
interval.

[0079] The cavity 17 of the receptacle housing 11 is
provided with a surface 175 to be in contact with a part 13a
of the receptacle ferrule 13 in the first state. The surface 175
restricts the movement of the receptacle ferrule 13 urged by
the elastic member 52, and positions the receptacle ferrule
13 in the Z direction. Thus, the receptacle interface part 135
is held inside the cavity 17. Then, in the second state, the
elastic member 52 is slightly pushed back by the receptacle
ferrule 13 being pushed to the plug ferrule 23, and the
surface 175 and the part 134 are held in a state at an interval.
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Note that, even in the state, the receptacle interface part 135
is positioned inside the cavity 17.

[0080] As in the present modification, the receptacle hous-
ing 11 may include the part (surface 1754) that holds the
optical coupling surface (front surface 34a) of the receptacle
ferrule 13 inside the cavity 17 by being in contact with the
part 13a of the receptacle ferrule 13. Thus, similarly to the
embodiment, the sticking of the dirt and the dust to the
optical coupling part of the receptacle interface part 135 and
the plug interface part 235 can be reduced and the decline of
the optical coupling efficiency can be suppressed. While an
example that the part 13q is provided in the ferrule main
body part 31 is illustrated in FIG. 11, the part 13a may be
provided in the GRIN lens array 34.

[0081] FIG. 12 is a perspective view illustrating an
example of further modifying the receptacle ferrule 13 of the
present modification. For a receptacle ferrule 13 A illustrated
in FIG. 12, the receptacle interface part 135 is integrally
configured in the ferrule main body part 31 illustrated in
FIG. 11. In such a configuration, by forming the receptacle
ferrule 13A by a resin material (polyether imide, for
example) transparent to a communication wavelength, the
holding part holding the end of the optical fiber F2, an
optical element and the receptacle interface part 135 can be
easily formed. A lens (optical element) 37 of the receptacle
ferrule 13A is a convex lens made of a resin for example.
The lens 37 is formed in the receptacle interface part 135
inside a recessed part formed at a position recessed from the
front surface 34a, and the recessed part is deeper than a
height of the lens 37. Thus, the front end of the receptacle
ferrule 13A functions as the spacer. Further, a guide pin 38
may be also configured integrally with the receptacle ferrule
13A. In this case, need of the pin keeper 15 illustrated in
FIG. 8 can be eliminated.

REFERENCE SIGNS LIST

[0082] 1A-1D ... optical coupling structure, 10A-10C . .
. receptacle connector, 11 . . . receptacle housing, 13 . . .
receptacle ferrule, 135 . . . receptacle interface part, 14 . . .
spacer, 15 . . . pin keeper, 16 . . . guide pin, 17 . . . first cavity,
18 . .. second cavity, 19, 29 . . . support member, 20 . . . plug
connector, 21 . . . plug housing, 23 . . . plug ferrule, 235 . .
. plug interface part, 24 . . . elastic member, 29 . . . support
member, 30 . . . ferrule, 31 . . . ferrule main body part, 32
.. . introducing part, 33 . . . holding hole, 34 . . . GRIN lens
array, 34a . . . front surface, 35 . . . GRIN lens, 36 . . . guide
pin hole, 51-53 . . . elastic member, 61 . . . jig guide pin, F1
. . . optical cable, F2 . . . optical fiber.

1: A receptacle connector holding an end of a first optical
fiber and optically coupling the first optical fiber and a
second optical fiber by being connected with a plug con-
nector holding an end of the second optical fiber, the
receptacle connector comprising:

a receptacle ferrule; and

a receptacle housing including a first cavity housing the

receptacle ferrule and a second cavity housing the plug
connector,

wherein the receptacle ferrule includes

a front end,

a holding part holding the end of the first optical fiber, and

a receptacle interface part optically coupled with the end
of the first optical fiber, facing a plug interface part of
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the plug connector, enlarging a light beam emitted from
the first optical fiber and emitting the light beam from
the front end,

wherein an opening area of the first cavity on a cross

section vertical to an inserting direction of the plug
connector to the receptacle housing is smaller than an
opening area of the second cavity on the cross section
vertical to the inserting direction, and

wherein the receptacle interface part and the plug inter-

face part define a first state before being optically
coupled and a second state after being optically
coupled, and the receptacle interface part is positioned
inside the first cavity in the second state.

2: The receptacle connector according to claim 1, wherein
the receptacle interface part is positioned inside the first
cavity also in the first state.

3: The receptacle connector according to claim 1,
wherein, in the second state, compared to the first state, a
position of the receptacle interface part in the inserting
direction is moved to a side opposite to the plug connector.

4: The receptacle connector according to claim 1, wherein
an inner wall of the receptacle housing includes a part
holding the receptacle interface part inside the first cavity by
being in contact with the receptacle ferrule.

5: The receptacle connector according to claim 1,

wherein the receptacle housing further includes a spacer

provided between the receptacle interface part and the
plug interface part, and

wherein in the second state, compared to the first state, a

relative position of the spacer to the receptacle interface
part in the inserting direction is moved to a side of the
receptacle interface part.

6: The receptacle connector according to claim 5,

wherein the spacer is urged toward the second cavity, and

wherein an inner wall of the receptacle housing includes
a part holding the receptacle interface part inside the
first cavity by being in contact with the spacer.

7: The receptacle connector according to claim 1, further
comprising:

a support member arranged at a position where the

receptacle ferrule is pinched with the plug connector in
the inserting direction, the support member supporting
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the receptacle ferrule and restricting movement of the
receptacle ferrule to a side opposite to the plug con-
nector; and

a first elastic member arranged between the support

member and the receptacle ferrule,

wherein, the first elastic member is contracted more in the

second state than in the first state.

8: The receptacle connector according to claim 1, further
comprising

a second elastic member arranged at a position where the

receptacle ferrule is pinched with the plug connector in
the inserting direction, the second elastic member sup-
porting the receptacle ferrule and being fixed to the
receptacle housing,

wherein, the second elastic member is contracted more in

the second state than in the first state.
9: The receptacle connector according to claim 1, wherein
the second cavity houses at least a part of a latch lever of the
plug connector.
10: The receptacle connector according to claim 1, further
comprising
a rod-like guide pin to position the receptacle ferrule and
the plug ferrule by inserting a part into a first guide pin
hole of the receptacle ferrule and inserting the other one
part into a second guide pin hole of the plug ferrule,

wherein the first optical fiber is a single mode optical
fiber, and

wherein a difference between an outer diameter of the

guide pin and an inner diameter of the first guide pin
hole and the second guide pin hole is a difference used
for connection of a multimode optical fiber.

11: An optical coupling structure comprising the recep-
tacle connector according to claim 1 and the plug connector,

wherein the plug connector includes a plug ferrule includ-

ing the plug interface part and

a plug housing housing the plug ferrule,

wherein the plug interface part is optically coupled with

the receptacle interface part, and

wherein a distal end of the plug housing is positioned

inside the second cavity and the plug interface part is
positioned inside the first cavity, in the second state.

* #* #* #* #*
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