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OPTICAL CONNECTORS WITH REVERSIBLE POLARITY

Cross-Reference to Related Patent Applications:

[0001] The present application claims priorities to United States Provisional
Patent Applications No. 62/452,147 filed January 30, 2017, No. 62/457,150 filed February
9, 2017, No. 62/463,898 filed February 27, 2017, No. 62/463,901 filed February 27, 2017,
No. 62/485,042 filed April 13, 2017, No. 62/546,920, filed August 17, 2017, and No.
62/581,961 filed November 6, 2017, the disclosures of which are incorporated herein by
reference in their entireties.

Field of the Invention:

[0002] The present disclosure relates generally optical connectors with reversible
polarity.

Background:

[0003] The prevalence of the Internet has led to unprecedented growth in
communication networks. Consumer demand for service and increased competition has
caused network providers to continuously find ways to improve quality of service while
reducing cost.

[0004] Certain solutions have included deployment of high-density interconnect
panels. High-density interconnect panels may be designed to consolidate the increasing
volume of interconnections necessary to support the fast-growing networks into a
compacted form factor, thereby increasing quality of service and decreasing costs such as
floor space and support overhead. However, room for improvement in the area of data
centers, specifically as it relates to fiber optic connections, still exists. For example,

manufacturers of connectors are always looking to reduce the size of the devices, while
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increasing ease of deployment, robustness, and modifiability after deployment. In
particular, more optical connectors may need to be accommodated in the same footprint
previously used for a smaller number of connectors in order to provide backward
compatibility with existing data center equipment. For example, one current footprint is
known as the small form-factor pluggable footprint (SFP). This footprint currently
accommodates two LC-type ferrule optical connections. However, it may be desirable to
accommodate four optical connections (two duplex connections of transmit/receive) within
the same footprint. Another current footprint is the quad small form-factor pluggable
(QSFP) footprint. This footprint currently accommodates four LC-type ferrule optical
connections. However, it may be desirable to accommodate eight optical connections of
LC-type ferrules (four duplex connections of transmit/receive) within the same footprint.
[0005] In communication networks, such as data centers and switching networks,
numerous interconnections between mating connectors may be compacted into high-
density panels. Panel and connector producers may optimize for such high densities by
shrinking the connector size and/or the spacing between adjacent connectors on the panel.
While both approaches may be effective to increase the panel connector density, shrinking
the connector size and/or spacing may also increase the support cost and diminish the
quality of service.

[0006] In a high-density panel configuration, adjacent connectors and cable
assemblies may obstruct access to the individual release mechanisms. Such physical
obstructions may impede the ability of an operator to minimize the stresses applied to the
cables and the connectors. For example, these stresses may be applied when the user

reaches into a dense group of connectors and pushes aside surrounding optical fibers and
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connectors to access an individual connector release mechanism with his/her thumb and
forefinger. Overstressing the cables and connectors may produce latent defects,
compromise the integrity and/or reliability of the terminations, and potentially cause
serious disruptions to network performance.

Accordingly, there is a need for smaller fiber optic connectors that will meet the needs of

future developments in smaller SFPs and are reconfigurable for flexible deployment.

Summary of the Invention:

[0007] In a first aspect, the present disclosure provides a reversible polarity fiber
optic connector including at least first and second optical ferrules and a connector housing
at least partially surrounding the first and second optical ferrules. The housing has a first
exterior wall positioned above the first and second optical ferrules and a second exterior
wall positioned beneath the first and second optical ferrules. A latch coupling is positioned
on each of the first and second exterior walls of the housing. A removable latch may
engage either the first or second exterior wall latch coupling on the connector housing.
Positioning the removable latch on the first exterior wall yields a fiber optic connector with
a first polarity and positioning the removable latch on the second exterior wall yields a
fiber optic connector with a second, opposite polarity.

[0008] In another aspect, the present disclosure provides a reversible polarity
fiber optic connector with exchangeable arms for changing connector type. Thus, a
common connector body may be formed into different connector types. The connector
includes at least first and second optical ferrules and a common connector housing at least

partially surrounding the first and second optical ferrules. The housing has a first exterior
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wall positioned above the first and second optical ferrules and a second exterior wall
positioned beneath the first and second optical ferrules. A coupling surface is positioned
on each of the first and second exterior walls of the common connector housing. To create
a connector, a removable arm engages either the first or second exterior wall coupling
surface; the removable arm includes either a latch or a latch recess depending upon the type
of optical connector to be formed. Further, positioning the removable arm on the first
exterior wall of the connector housing yields a fiber optic connector with a first polarity
and positioning the removable arm on the second exterior surface of the housing yields a
fiber optic connector with a second, opposite polarity.

[0009] In another aspect, the present disclosure provides a reversible polarity
fiber optic connector with a push-pull tab. The connector includes at least first and second
optical ferrules and has a connector housing at least partially surrounding the first and
second optical ferrules. A first exterior wall is positioned above the first and second optical
ferrules and a second exterior wall is positioned beneath the first and second optical
ferrules. A first aperture is in the first exterior wall of the housing and a second aperture
is in the second exterior wall of the housing. A removable push-pull tab includes a
protrusion for positioning within either of the first or second apertures in the first and
second exterior walls, respectively, of the connector housing. Positioning the removable
push-pull tab with its protrusion within the first aperture yields a fiber optic connector with
a first polarity and positioning the removable push-pull tab with its protrusion within the
second aperture yields a fiber optic connector with a second, opposite polarity.

[0010] In yet another aspect, the present disclosure provides a reversible polarity

fiber optic connector including at least first and second optical ferrules and a connector
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housing at least partially surrounding the first and second optical ferrules. A first exterior
wall is positioned above the first and second optical ferrules and a second exterior wall is
positioned beneath the first and second optical ferrules. A removable push-pull tab is
provided. A first push-pull tab retainer is positioned on the first exterior wall and a second
push-pull tab retainer is positioned on the second exterior wall. Positioning the removable
push-pull tab in the retainer on the first exterior wall of the connector housing yields a fiber
optic connector with a first polarity and positioning the removable push-pull tab in the
retainer on the second exterior wall of the housing yields a fiber optic connector with a

second, opposite polarity.

Brief Description of the Drawings:

[0011] FIG. 1A is a perspective view of one embodiment of a reversible polarity
fiber optic connector according to some aspects of the present disclosure;

[0012] FIG. 1B is a side view of the reversible polarity fiber optic connector of
FIG. 3A with the removable latch being removed from the connector housing;

[0013] FIG. 2 depicts the process of changing the polarity of the reversible
polarity fiber optic connector of FIG. 1A,;

[0014] FIG. 3A is a perspective view of an embodiment of a reversible polarity
fiber optic connector with a pull tab according to aspects of the present disclosure;

[0015] FIG. 3B is an exploded view of the reversible polarity fiber optic
connector of FIG. 3A;

[0016] FIG. 4 depicts the process of changing the polarity of the reversible

polarity fiber optic connector of FIG. 3A;
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[0017] FIG. 5A is a perspective view of another embodiment of a reversible
polarity fiber optic connector with a pull tab according to aspects of the present disclosure;
[0018] FIG. 5B is an exploded view of the reversible polarity fiber optic
connector of FIG. 5A;

[0019] FIG. 6 depicts the process for changing the polarity of the fiber optic
connector of FIG. 5A;

[0020] FIG. 7A is a perspective view of a common connector housing of a
reversible polarity fiber optic connector with exchangeable arms for changing connector

type in an embodiment according to aspects of the present disclosure;

[0021] FIG. 7B is the front view of the common connector housing of FIG. 7A;
[0022] FIG. 7C is the top view of the common connector housing of FIG. 7A;
[0023] FIG. 7D is the side view of the common connector housing of FIG. 7A;
[0024] FIG. 8A shows how the common connector housing of FIG. 7A is used to

create a latch-type connector;

[0025] FIG. 8B shows how the common connector housing of FIG. 7A is used to
create a recess-type connector.

[0026] FIG. 9 depicts the process for changing the polarity of the latch-type fiber
optic connector of FIG. 8A;

[0027] FIG. 10 depicts the process for changing the polarity of the recess-type
fiber optic connector of FIG. 8B;

[0028] FIGS. 11A and 11B respectively depict exploded and perspective views
of a reversible polarity optical connector according to a further embodiment of the

disclosure;
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[0029] FIGS. 12A-12D depict the operation of the reversible polarity optical
connector of FIGS. 11A and 11B;

[0030] FIGS. 13A-13D depict the process for changing the polarity of the optical
connector of FIGS. 11A and 11B;

[0031] FIGS. 14A and 14B respectively depict exploded and perspective views
of a reversible polarity optical connector according to a further embodiment of the
disclosure;

[0032] FIGS. 15-15D depict the operation of the reversible polarity optical
connector of FIGS. 14A and 14B;

[0033] FIGS. 16A-16D depict the process for changing the polarity of the optical
connector of FIGS. 14A and 14B;

[0034] FIGS. 17A-17C respectively depict perspective, partial cross-section, and
exploded views of a reversible polarity optical connector according to a further
embodiment of the disclosure;

[0035] FIGS. 18A-18D depict the assembly of the push-pull tab to the connector
body of the connector of FIGS. 17A-17C;

[0036] FIGS. 19A-19B depict the removal of the push-pull tab from the connector
body using a tool;

[0037] FIGS. 20A-20D depict the process for changing the polarity of the optical

connector of FIGS. 17A-17C.

Detailed Description:

[0038] This disclosure is not limited to the particular systems, devices and

methods described, as these may vary. The terminology used in the description is for the
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purpose of describing the particular versions or embodiments only, and is not intended to
limit the scope.

2%

[0039] As used in this document, the singular forms “a,” “an,” and “the” include
plural references unless the context clearly dictates otherwise. Unless defined otherwise,
all technical and scientific terms used herein have the same meanings as commonly
understood by one of ordinary skill in the art. Nothing in this disclosure is to be construed
as an admission that the embodiments described in this disclosure are not entitled to
antedate such disclosure by virtue of prior invention. As used in this document, the term
“comprising” means “including, but not limited to.”

[0040] The following terms shall have, for the purposes of this application, the
respective meanings set forth below.

[0041] The connectors of the present disclosure may be configured for fiber optic
transmission or electrical signal transmission. The connector may be any suitable type now
known or later developed, such as, for example, a ferrule connector (FC), a fiber distributed
data interface (FDDI) connector, an LC connector, a mechanical transfer (MT) connector,
a square connector (SC) connector, an SC duplex connector, or a straight tip (ST)
connector. The connector may generally be defined by a connector housing. In some
embodiments, the housing may incorporate any or all of the components described herein.
[0042] Various embodiments described herein generally provide a remote release
mechanism such that a user can remove cable assembly connectors that are closely spaced
together without damaging surrounding connectors, accidentally disconnecting

surrounding connectors, disrupting transmissions through surrounding connectors, and/or
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the like. Various embodiments also provide narrow pitch LC duplex connectors and
narrow width multi-fiber connectors.

[0043] As discussed herein, current connectors may be improved by various
means, such as, for example, reducing the footprint, increasing the structural strength,
enabling polarity changes, etc. Various embodiments disclosed herein offer improvements
over the current state of the art, as will be further discussed below.

[0044] In some embodiments, the fiber optic connector may be a narrow pitch
duplex LC connector including two LC connectors. In some embodiments, such as that
shown, the two LC connectors may comprise a single combined unit. In alternative
embodiments, the LC connectors may be separate members, wherein an air gap exists
between the two members, or wherein the two separate members are located adjacent and
flush to each other (i.e., no air gap exists). In some embodiments, each of the LC connectors
includes a respective ferrule and a respective extending member or modular arm. The
connector may have a pitch of 4.8 mm, defined as the axis-to-axis distance between the
central axes of the LC connectors. In other embodiments, the connector pitch may be less
than that of the pitch of conventional connectors, for example less than 6.25 mm and less
than about 5.25 mm. In some embodiments, the pitch may be about 4.8 mm or less.
[0045] In current designs, if a fiber optic connector, particularly a duplex
connector, needs to have the ferrules rotated or swapped, for example, for exchanging
transmit and receive optical fibers, it can be a time consuming and difficult process.
Generally, if a duplex connector needs to be rotated, current systems require twisting the
individual LC connector tips 180 degrees. However, this process also twists the fibers that

enter the connector tip. Twisting the fiber at any stage of the connection can cause wear
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and/or damage to the delicate fibers. Thus, most systems involve an alternative solution,
wherein the duplex connector is partially or completely disassembled in order to access the
ferrules or fibers and manually relocate them within the duplex connector. However,
swapping ferrules side to side is a delicate operation. In order to prevent damage to the
internal fibers, great care must be taken. Thus, this operation usually requires specialized
tools and preparation time to perform safely and accurately.

[0046] Therefore, embodiments as described herein, allow for easy, quick, and
safe swapping of the left and right side ferrules in a connector. Thus, embodiments
discussed herein allow for a change in polarity of the duplex connector without twisting
the fibers or performing any complex disassembly of the duplex connector.

[0047] FIGS. 1A and 1B depict a fiber optic connector with reversible polarity
according to one aspect of the present disclosure. As shown in FIG. 1A, a reversible
polarity fiber optic connector may include first and second optical ferrules 110a and 110b
and a connector housing 120 at least partially surrounding the first and second optical
ferrules. A removable latch 130 is depicted in FIG. 1A in its assembled state and in FIG.
1B removed from the connector housing 120.

[0048] FIG. 1B is a side view of the reversible polarity fiber optic connector of
FIG. 1A with the removable latch 130 being separated from the connector housing. As
shown, the connector housing 120 may have a first exterior wall 121a positioned above the
first and second optical ferrules and a second exterior wall 121b positioned beneath the
first and second optical ferrules. A latch coupling 122 is positioned on each of the first
and second exterior walls of the housing. The removable latch 130 may include a protrusion

131 for engaging the housing latch coupling 122. In particular, the latch coupling 122 may
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include angled walls that interact with slanted edges of the protrusion 131 to prevent
accidental disassembly of the latch 130. Although the latch coupling 122 is depicted as a
recess on the housing accommodating a latch protrusion, these elements may be reversed
with the latch including a recess and the housing including a protrusion. Other mechanical
coupling mechanisms may be used to interconnect the housing and the removable latch.
For example, an embodiment may involve a coupling system wherein the removable latch
is inserted into a recess in the connector housing and twisted (e.g., 90°, 180°, etc.) to secure
the latch to the recess. Alternative coupling may use a more complex shape. For example,
a u-shaped recess in the connector housing may engage a cooperatively-shaped projection
in the latch that is inserted and fed through the u-shape until secure. It should thus be
understood, that any system or method of coupling may be used to attach the removable
latch to the connector housing, including various locations (e.g., sliding from the front,
sides, back, bottom, top, etc.).

[0049] FIG. 2 depicts the process for changing the polarity of the fiber optic
connector of FIG. 1A from a first polarity to a second, opposite polarity. The removable
latch 130 may be removed from the latch coupling on the first exterior wall of the connector
housing, positioned adjacent the second exterior wall on beneath the ferrules, and then
coupled with the latch coupling on the second exterior wall of the connector housing to
yield a connector 100R having the opposite polarity of connector 100. In this manner,
transmit and receive optical fibers may be reversed without necessitating any fiber twist or
complex repositioning of the optical ferrules.

[0050] In typical embodiments, the latch of the connector housing is required to

be flexible. Thus, when a latch and a connector housing (e.g., duplex connector) are built
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as one unified member (as is currently done), the fiber optic connector is built of a similar
flexible or less rigid material. Building the connector housing out of a plastic or polymeric
material, limits the amount of rigidity that it can have. Thus, as fiber optic connectors
continue to reduce in size, the strength of the housing has been reduced. Therefore, it would
be advantageous to build the connector housing out of a more robust material while still
allowing the latch to remain flexible. In order to accomplish this, in some embodiments
according to aspects of the present disclosure, the connector housing may be manufactured
out of a very rigid or strong material (e.g., steel, graphene, carbon, metal alloys, or any
material of suitable properties). Because the connector housing and the removable latch
need only interlock with each other, the removable latch may still be made out of a more
flexible material. Thus, the removable nature of the latch disclosed herein allow for a more
robust and secure overall design when dealing with the shrinking footprint of fiber optic
connectors.

[0051] FIG. 3A is a perspective view of another embodiment of a reversible
polarity fiber optic connector 300. As shown, the reversible polarity fiber optic connector
may further comprise a pull tab 340 for engaging a removable latch 330. The pull tab 340
depresses the latch 330 as the tab is pulled in a direction away from the fiber optic ferrules.
[0052] FIG. 3B is an exploded view of the reversible polarity fiber optic
connector of FIG. 3A. As shown, the pull tab 340 may comprise a first opening 341 and a
second opening 344. The first opening 341 is configured to allow the connector housing
and the removable latch to pass through while the second opening is configured to
accommodate the tip of the latch. The pull tab may further comprise a first deformable

portion 342 and a second deformable portion 344. In operation, the first deformable
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portion 342 cooperates with the second deformable portion 344 to depress the removable
latch when the pull tab is pulled in a direction away from the ferrules.

[0053] FIG. 4 depicts the process for changing the polarity of the fiber optic
connector 300 from a first polarity to a second polarity 300R. The pull tab 340 may be
disengaged from the connector housing 320 and the removable latch 330 on the first
exterior wall of the connector housing. The removable latch is then detached from the latch
coupling on the first exterior wall of the connector housing. Next, the removable latch is
engaged with the latch coupling on the second exterior wall of the connector housing,
beneath the ferrules. Finally, the pull tab 340 is positioned surrounding the connector
housing and engaging the removable latch tip, resulting in the assembled optical connector
300R having polarity opposite to that of connector 300.

[0054] FIG. 5A and 5B are a perspective view and exploded view, respectively,
of another embodiment of a reversible polarity fiber optic connector 500. The connector
500 includes a connector housing 520, a latch 530, and a pull tab 540. On the first and
second exterior walls of connector housing 520 are latch couplings that include a groove
522. Arecess 521 is also provided in the housing. The latch 530 includes a protrusion 531
that is received within groove 522. The latch further includes a projection 532 that is
received in the housing between the optical ferrules. The pull tab 540 includes an opening
541 for engaging the removable latch 530. A front protrusion 542 is configured to depress
the removable latch 530 when the pull tab is pulled in a direction away from the ferrule
side of the optical connector.

[0055] FIG. 6 depicts the process for changing the polarity of the fiber optic

connector 500 from a first polarity to a second polarity. The pull tab 540 is disengaged
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from the connector housing and the removable latch 530 on the first exterior wall of the
connector housing, and the removable latch is decoupled from the latch coupling on the
first exterior wall of the connector housing. Then the removable latch may be coupled with
the latch coupling on the second exterior wall of the connector housing, beneath the optical
ferrules in FIG. 6, and the pull tab 540 is engaged with the connector housing and the
removable latch on the second exterior wall of the connector housing to create reverse
polarity connector SOOR.

[0056] It is of interest within the optical connectivity industry to have multiple
styles of optical connectors for multiple purposes and/or multiple implementation styles.
Thus, in order to more easily provide flexibility, a solution is needed that allows for on-
the-fly, in-the-field, or in manufacturing modification of the connector. The below
embodiment provides a universal type fiber optic connector which has a unique housing
design that allows for different latches or arms to be attached.

[0057] FIG. 7A is a perspective view of a common connector housing 720 of a
reversible polarity fiber optic connector 700 with exchangeable arms for changing
connector type in an embodiment according to aspects of the present disclosure. As shown,
the reversible polarity fiber optic connector may comprise first and second optical ferrules
710a and 710b and the common connector housing 720 at least partially surrounding the
first and second optical ferrules.

[0058] FIG. 7B, 7C and 7D are the front view, top view and side view,
respectively, of the common connector housing 720. As shown, the common connector
housing may have a first exterior wall 725a positioned above the first and second optical

ferrules and a second exterior wall 725b positioned beneath the first and second optical
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ferrules. The connector housing 720 may further have a coupling surface 724 positioned
on each of the first and second exterior walls and include a receiving track 726 in the
coupling surface.

[0059] FIG. 8A shows the common connector housing 720 used to create a latch-
type connector 700 and FIG. 8B shows the common connector housing 720 used to create
a recess-type connector 800. Both of connectors 700 and 800 include a removable arm 730
or 830 for engaging either of the first and second exterior wall coupling surfaces 724 on
the connector housing. The removable arms 730 and 830 may each respectively include a
projection 735 or 835 for engaging in the receiving track 726 of the coupling surface 724.
As with the previous embodiments, positioning the removable arm on the first exterior wall
of the connector housing yields a fiber optic connector with a first polarity and positioning
the removable arm on the second exterior surface of the housing yields a fiber optic
connector with the opposite polarity.

[0060] Still referring to FIG. 8A and 8B, the removable arms may include either
a latch or a recess: removable arm 730 includes a latch 733 while removable arm 830
includes a recess 834. Thus, a latch-type connector 700 is created through assembly of the
removable latch arm to the common connector body 720 as shown in FIG. 8A and a recess-
type connector 800 is created through assembly of the removable recess arm to the common
connector body 720 as shown in FIG. 8B.

[0061] The fiber optic connector may further include a pull tab. When a
removable arm with a latch 730 is positioned on the coupling surface of the common
connector housing 720 to create a latch-type connector 700, the pull tab 740 is a separate

element from the removable arm. When a removable arm includes a recess 830 is
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positioned on the coupling surface of the common connector housing 720 to create a recess-
type connector 800, the pull tab 840 is integrated with the removable arm.

[0062] FIG. 9 depicts the process for changing the polarity of the latch-type fiber
optic connector from a first polarity 700 to a second polarity 700R. The sub-assembly of
the removable arm 730 and the pull tab 740 may be decoupled from the coupling surface
724 of the first exterior wall of the connector housing. Then the sub-assembly of the
removable arm 730 and the pull tab 740 may be coupled with the coupling surface of the
second exterior wall of the connector housing, creating the opposite polarity connector
700R.

[0063] FIG. 10 depicts the process for changing the polarity of the recess-type
fiber optic connector 800 from a first polarity to a second polarity. The removable arm 830
with a recess and a pull tab as an integral structure may be decoupled from the coupling
surface 724 of the first exterior wall of the connector housing. Then the removable arm
may be coupled with the coupling surface 724 of the second exterior wall of the common
connector housing 720 to create opposite polarity optical connector 800R.

[0064] FIGS. 11A and 11B depict a further embodiment 1100 of the reversible
polarity optical connectors of the present disclosure. In FIG. 11A, a push-pull tab 1130
may interconnect with either a first exterior wall 1110 of housing 1105 or with a second
exterior wall 1115 of housing 1105. Ferrules 1120 and 1125 are at least partially
surrounded by housing 1105 and may be LC connectors in an embodiment. As in previous
embodiments, the push-pull tab may include a tab recess 1145. Alternatively, push-pull
tab 1130 may include a latch (not shown). Various features of the push-pull tab 1130 are

provided to assist in affixing the push-pull tab to the first exterior wall 1110 or the second
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exterior wall 1115 of the housing 1105. This includes push-pull tab clips 1135 that clip
onto the optical connector, optionally in a boot region, and protrusion 1140 that fits within
a first aperture, 1109A, beneath the housing exterior wall 1110 or a second aperture,
1109B, beneath housing exterior wall 1115 (to be discussed in more detail below), and
projection 1131 for inserting into the housing between ferrules 1120 and 1125. Each of
these features is fully reversible such that the push-pull tab is easily removed and
repositioned on the opposite exterior wall to change polarity of the connector.

[0065] Asbest seen in FIGS. 12B and 12D, push-pull tab protrusion 1140 may be
inserted into first aperture 1109A of housing 1105 through a first exterior housing aperture
1107A. Alternatively, in the reverse-polarity configuration, the push-pull tab protrusion
1140 may be inserted into second housing aperture 1109B through second exterior housing
aperture 1107B. When the push-pull tab 1130 is moved forward, the protrusion slides
within the aperture 1109A or 1109B, as shown in FIG. 12B. To maintain the push-pull tab
in a forward-biased position, tab position spring 1150 is provided. During insertion or
removal of the protrusion 1140, tab position spring 1150 is compressed, depicted in FIG.
12B. When the position spring 1150 is in its relaxed (uncompressed) position, FIGS. 12C
and 12D, the protrusion 1140 is slid forward within the aperture 1109A or 1109B.

[0066] To change polarity of the optical connector 1100, FIGS. 13A-13D, the
push-pull tab 1130 is removed by withdrawing the protrusion 1140 from the housing 1105
through exterior housing aperture 1107A along with detaching clips 1135 and decoupling
projection 1131, thus releasing the push-pull tab from the first exterior housing wall 1110
(FIG. 13B). The push-pull tab is moved toward second exterior housing wall 1115 and the

protrusion 1140 is inserted into aperture 1109B through exterior housing aperture 1107B
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in FIG. 13C. Projection 1131 is fitted between ferrules 1120 and 1125 and clips 1135 are
affixed to the connector. The resultant connector 1100R of 13D is of opposite polarity to
the connector 1100 of FIG. 13A.

[0067] Various alternatives to the protrusion 1140 of optical connector 1100 may
be used in the optical connectors of this disclosure. For example, the protrusion may be
provided by the connector housing with receiving elements provided in the push-pull tab.
Variations to the shape of the projection and apertures may be made without affecting the
function of the reversible-polarity connector.

[0068] Another alternative embodiment is depicted in FIGS. 14A and 14B in
which a hook-shaped protrusion 1440 is provided for engagement within the connector
housing. As in the previous embodiment, the push-pull tab 1430 includes a tab recess
1445, connector-attachment clips 1435 and projection 1431 for positioning between
ferrules 1420 and 1425. In FIG. 14B, the push-pull tab 1430 is positioned on first exterior
housing wall 1410 and has a first polarity. In this position, the hook-shaped protrusion
1440 engages a housing projection 1460, held in a forward-biased position by push-pull
tab position spring 1465, as seen in FIGS. 15B and 15D. To release the protrusion 1440,
push-pull tab position spring 1465 is compressed in FIG. 15C such that housing projection
1460 is retracted sufficiently to allow removal of protrusion 1440 through the housing
1405, FIG. 15D.

[0069] To change polarity of the optical connector 1400 from the first polarity of
FIG. 16A, the push-pull tab 1430 is removed by withdrawing the protrusion 1440 from the
housing 1405 through the housing along with detaching clips 1435 and decoupling

projection 1431, thus releasing the push-pull tab from the first exterior housing wall 1110
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(FIG. 16B). The push-pull tab is moved toward second exterior housing wall 1415 and the
protrusion 1440 is inserted into the housing 1405. Projection 1431 is fitted between
ferrules 1420 and 1425 and clips 1435 are affixed to the connector in FIG. 16C. The
resultant connector 1400R of FIG. 16D is of opposite polarity to the connector of FIG.
16A.

[0070] Protrusions from a push-pull tab may be inserted into a housing via
features other than a housing aperture. Such a connector is depicted in FIG. 17 and features
a deformable housing region to allow entry of a push-pull tab protrusion during affixing of
the push-pull tab to the connector housing. As seen in FIG. 17A, the connector 1700
includes a connector housing 1705 which may optionally include a back body housing
portion 1709 for connecting with a housing front portion 1707 (FIG. 17C). The back body
housing portion 1709 includes a deformable region 1780, seen in the partial cross-section
of FIG. 17B and the perspective view of FIG. 17C. The push-pull tab 1730 includes a
protrusion 1740 with a projection 1741 extending therefrom.

[0071] Turning to FIG. 18, to affix the push-pull tab to the connector housing, the
protrusion 1740 penetrates the deformable region 1780 (FIG. 18B) causing the deformable
region to yield and accept entry of the protrusion 1740 into the housing. As the projection
1741 enters the housing as depicted in FIG. 18C, the deformable region 1780 returns to its
original position (FIG. 18D), securing the push-pull tab 1730 to the connector housing.
[0072] Removal of the push-pull tab 1730 is depicted in FIGS. 19A and 19B. A
removal tool 1900, which may be shaped similar to a small screwdriver, depresses
deformable region 1780, allowing projection 1741 to slide along an edge of the deformable

region 1780, followed by the protrusion 1740, releasing the push-pull tab 1730.
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[0073] To change polarity of the optical connector 1700 from the first polarity of
FIG. 20A, the push-pull tab 1730 is removed in FIG. 20B by using the removal tool
technique depicted in FIGS. 19A and 19B. The push-pull tab is moved toward the second
exterior housing wall and the protrusion 1740 is inserted into the housing 1705 through the
deformable region 1780 in FIG. 20C. The resultant connector 1700R of FIG. 20D is of
opposite polarity to the connector of FIG. 20A.

[0074] In another aspect of the disclosure, a retaining member may be provided
in the connector housing to retain a push-pull tab. As seen in FIGS. 21A-21D, a connector
2100 having a housing 2105 is provided with a housing front portion 2107 and a back
portion 2109. Extending from the housing back portion is a retainer 2111 which may
include a pair of retaining clips, as shown, or any other structure configured to retain the
push-pull tab 2130. A receiving surface 2132 is provided on the push-pull tab 2130 to
allow for sliding of the retainer 2111 along the push-pull tab during tab movement.
Optionally, when the retainer 2111 includes clips, the clips may be hook-shaped as seen in
the cross-sectional view of FIG. 21D. The receiving surface 2132 may be a recess with a
protrusion along the edge that engages the hook-shaped edge of the clips.

[0075] To change the polarity of connector 2100 from the polarity depicted in
FIG. 22A to the second, opposite polarity of FIG. 22E, the retainer 2111 is removed from
receiving surface 2132. Push-pull tab clips separate from the connector as the retainer is
removed. The push-pull tab 2130 is moved to the opposite housing exterior wall in FIG.
22C, while in 22D the receiving surface 2132 engages with the retainer 2111. In FIG. 21E
the assembled connector 2100R having the opposite polarity to the connector of FIG. 22A

is depicted, fully assembled.
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[0076] In the above detailed description, reference is made to the accompanying
drawings, which form a part hereof. In the drawings, similar symbols typically identify
similar components, unless context dictates otherwise. The illustrative embodiments
described in the detailed description, drawings, and claims are not meant to be limiting.
Other embodiments may be used, and other changes may be made, without departing from
the spirit or scope of the subject matter presented herein. It will be readily understood that
the aspects of the present disclosure, as generally described herein, and illustrated in the
Figures, can be arranged, substituted, combined, separated, and designed in a wide variety
of different configurations, all of which are explicitly contemplated herein.

[0077] The present disclosure is not to be limited in terms of the particular
embodiments described in this application, which are intended as illustrations of various
aspects. Many modifications and variations can be made without departing from its spirit
and scope, as will be apparent to those skilled in the art. Functionally equivalent methods
and apparatuses within the scope of the disclosure, in addition to those enumerated herein,
will be apparent to those skilled in the art from the foregoing descriptions. Such
modifications and variations are intended to fall within the scope of the appended claims.
The present disclosure is to be limited only by the terms of the appended claims, along with
the full scope of equivalents to which such claims are entitled. It is to be understood that
the terminology used herein is for the purpose of describing particular embodiments only,
and is not intended to be limiting.

[0078] With respect to the use of substantially any plural and/or singular terms

herein, those having skill in the art can translate from the plural to the singular and/or from
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the singular to the plural as is appropriate to the context and/or application. The various
singular/plural permutations may be expressly set forth herein for sake of clarity.

[0079] It will be understood by those within the art that, in general, terms used
herein, and especially in the appended claims (for example, bodies of the appended claims)
are generally intended as “open” terms (for example, the term “including” should be
interpreted as “including but not limited to,” the term “having” should be interpreted as
“having at least,” the term “includes” should be interpreted as “includes but is not limited
to,” et cetera). While various compositions, methods, and devices are described in terms
of “comprising” various components or steps (interpreted as meaning “including, but not
limited to”), the compositions, methods, and devices can also “consist essentially of” or
“consist of” the various components and steps, and such terminology should be interpreted
as defining essentially closed-member groups. It will be further understood by those within
the art that if a specific number of an introduced claim recitation is intended, such an intent
will be explicitly recited in the claim, and in the absence of such recitation no such intent
is present. For example, as an aid to understanding, the following appended claims may
contain usage of the introductory phrases "at least one" and "one or more" to introduce
claim recitations. However, the use of such phrases should not be construed to imply that
the introduction of a claim recitation by the indefinite articles "a" or "an" limits any
particular claim containing such introduced claim recitation to embodiments containing
only one such recitation, even when the same claim includes the introductory phrases "one
or more" or "at least one" and indefinite articles such as "a" or "an" (for example, “a” and/or

“an” should be interpreted to mean “at least one” or “one or more”); the same holds true

for the use of definite articles used to introduce claim recitations. In addition, even if a
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specific number of an introduced claim recitation is explicitly recited, those skilled in the
art will recognize that such recitation should be interpreted to mean at least the recited
number (for example, the bare recitation of "two recitations," without other modifiers,
means at least two recitations, or two or more recitations). Furthermore, in those instances
where a convention analogous to “at least one of A, B, and C, et cetera” is used, in general
such a construction is intended in the sense one having skill in the art would understand
the convention (for example, “ a system having at least one of A, B, and C” would include
but not be limited to systems that have A alone, B alone, C alone, A and B together, A and
C together, B and C together, and/or A, B, and C together, et cetera). In those instances
where a convention analogous to “at least one of A, B, or C, et cetera” is used, in general
such a construction is intended in the sense one having skill in the art would understand
the convention (for example, “ a system having at least one of A, B, or C” would include
but not be limited to systems that have A alone, B alone, C alone, A and B together, A and
C together, B and C together, and/or A, B, and C together, et cetera). It will be further
understood by those within the art that virtually any disjunctive word and/or phrase
presenting two or more alternative terms, whether in the description, claims, or drawings,
should be understood to contemplate the possibilities of including one of the terms, either
of the terms, or both terms. For example, the phrase “A or B” will be understood to include
the possibilities of “A” or “B” or “A and B.”

[0080] In addition, where features or aspects of the disclosure are described in
terms of Markush groups, those skilled in the art will recognize that the disclosure is also
thereby described in terms of any individual member or subgroup of members of the

Markush group.
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[0081] As will be understood by one skilled in the art, for any and all purposes,
such as in terms of providing a written description, all ranges disclosed herein also
encompass any and all possible subranges and combinations of subranges thereof. Any
listed range can be easily recognized as sufficiently describing and enabling the same range
being broken down into at least equal halves, thirds, quarters, fifths, tenths, et cetera As a
non-limiting example, each range discussed herein can be readily broken down into a lower
third, middle third and upper third, et cetera As will also be understood by one skilled in

2%

the art all language such as “up to,” “at least,” and the like include the number recited and
refer to ranges which can be subsequently broken down into subranges as discussed above.
Finally, as will be understood by one skilled in the art, a range includes each individual
member. Thus, for example, a group having 1-3 cells refers to groups having 1, 2, or 3
cells. Similarly, a group having 1-5 cells refers to groups having 1, 2, 3, 4, or 5 cells, and
so forth.

[0082] Various of the above-disclosed and other features and functions, or
alternatives thereof, may be combined into many other different systems or applications.
Various presently unforeseen or unanticipated alternatives, modifications, variations or

improvements therein may be subsequently made by those skilled in the art, each of which

is also intended to be encompassed by the disclosed embodiments.
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Claims:

1. A reversible polarity fiber optic connector comprising:
at least first and second optical ferrules;

5 a connector housing at least partially surrounding the first and second
optical ferrules and having a first exterior wall positioned above the first and
second optical ferrules and a second exterior wall positioned beneath the first and
second optical ferrules;

a latch coupling positioned on each of the first and second exterior walls
10 of the housing;
a removable latch for engaging either of the first and second exterior wall
latch couplings on the connector housing;
wherein positioning the removable latch on the first exterior wall of the
connector housing yields a fiber optic connector with a first polarity and
15 positioning the removable latch on the second exterior wall of the housing yields
a fiber optic connector with a second polarity, the second polarity being opposite

to the first polarity.

2. The reversible polarity fiber optic connector of claim 1, wherein
20 each of the latch couplings on the first and second exterior walls of the
connector housing includes at least a recess with angled walls; and
the latch includes at least a protrusion with slanted edges for coupling with

the angled walls of the recess on the first exterior wall when the fiber optic
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connector is configured in the first polarity or the angled walls of the recess on the
second exterior wall when the fiber optic connector is configured in the second

polarity.

5 3. The reversible polarity fiber optic connector of claim 1, further comprising a
pull tab for engaging the removable latch; wherein pulling the pull tab in a
direction away from the first and second ferrules causes the removable latch to

be depressed.

10
4. The reversible polarity fiber optic connector of claim 3, wherein the pull tab
comprises at least a first opening and a seconding opening for engaging the

removable latch;

wherein the first opening is configured to allow the connector housing and

15 the removable latch to pass through; and

the second opening is configured to allow the removable latch to partially

pass through.

5. The reversible polarity fiber optic connector of claim 3, wherein the pull tab

20 further comprises a first deformable portion and a second deformable portion;
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wherein the first deformable portion is configured to cooperate with the

second deformable portion to depress the removable latch when the pull tab is

pulled in a direction away from the first and second ferrules.

6. The reversible polarity fiber optic connector of claim 1, wherein

each of the latch couplings on the first and second exterior walls of the

connector housing includes a groove; and

at least a projection for coupling with the groove on the first exterior
wall when the fiber optic connector is configured in the first polarity or the
groove on the second exterior wall when the fiber optic connector is configured

in the second polarity.

The reversible polarity fiber optic connector of claim 6, further comprising a
pull tab for engaging the removable latch; wherein pulling the pull tab in a
direction away from the reversible polarity fiber optic connector depresses the

removable latch.

The reversible polarity fiber optic connector of claim 7, wherein the pull tab
comprises:
an opening for engaging the removable latch; and

a front protrusion configured to depress the removable latch when the pull

tab is pulled in a direction away from the first and second ferrules.
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9. A reversible polarity fiber optic connector with exchangeable arms for
changing connector type comprising:

at least first and second optical ferrules;

a common connector housing at least partially surrounding the first and
second optical ferrules and having a first exterior wall positioned above the first
and second optical ferrules and a second exterior wall positioned beneath the first
and second optical ferrules;

a coupling surface positioned on each of the first and second exterior walls
of the common connector housing;

a removable arm for engaging either of the first and second exterior wall
coupling surfaces on the common connector housing, the removable arm
including either a latch or a latch recess;

wherein positioning the removable arm on the first exterior wall of the
connector housing yields a fiber optic connector with a first polarity and
positioning the removable arm on the second exterior surface of the housing
yields a fiber optic connector with a second polarity, the second polarity being

opposite to the first polarity.

10. The reversible polarity fiber optic connector of claim 9 wherein positioning a
removable arm with a latch on the coupling surface creates a latch-type
connector and positioning a removable arm with a recess creates a recess-type

connector.
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11. The reversible polarity fiber optic connector of claim 9 wherein the housing
includes a receiving track in the coupling surface and the removable arm
includes a projection for engaging in the receiving track in the coupling

surface.

12. The reversible polarity fiber optic connector of claim 9 further comprising a

pull tab.

13. The reversible polarity fiber optic connector of claim 12 wherein the
10 removable arm includes a latch and the pull tab is a separate element from the

removable arm.

14. The reversible fiber optic connector of claim 12 wherein removable arm
includes a recess and the pull tab is integrated with the removable arm.
15
15. A reversible polarity fiber optic connector comprising:
at least first and second optical ferrules;
a connector housing at least partially surrounding the first and second
optical ferrules and having a first exterior wall positioned above the first and
20 second optical ferrules and a second exterior wall positioned beneath the first and

second optical ferrules;
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a first aperture in the first exterior wall of the housing and a second
aperture in the second exterior wall of the housing;

a removable push-pull tab including a protrusion for positioning through
either of the first or second apertures in the first and second exterior walls,

5 respectively, of the connector housing;

wherein positioning the removable push-pull tab with its protrusion in the
first aperture of the first exterior wall of the connector housing yields a fiber optic
connector with a first polarity and positioning the removable push-pull tab with its
protrusion in the second aperture of the second exterior wall of the housing yields

10 a fiber optic connector with a second polarity, the second polarity being opposite

to the first polarity.

16. The reversible polarity fiber optic connector of claim 15 further comprising
first and second apertures respectively beneath the first and second exterior walls of the

15 housing for receiving the protrusion.

17. The reversible polarity fiber optic connector of claim 15, further comprising a

spring to urge the push-pull tab forward.

20 18. The reversible polarity fiber optic connector of claim 15, wherein the push-pull
tab protrusion is retained by a housing latch, the housing latch being urged forward

by a spring.
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19. A reversible polarity fiber optic connector comprising:

at least first and second optical ferrules;

a connector housing at least partially surrounding the first and second
optical ferrules and having a first exterior wall positioned above the first and
second optical ferrules and a second exterior wall positioned beneath the first and
second optical ferrules;

a first deformable region in the first exterior wall of the housing and a
second deformable region in the second exterior wall of the housing;

a removable push-pull tab including a protrusion for positioning within
though either of the first or second deformable regions in the first and second
exterior walls, respectively, of the connector housing;

wherein positioning the removable push-pull tab with its protrusion
through the first deformable region of the first exterior wall of the connector
housing yields a fiber optic connector with a first polarity and positioning the
removable push-pull tab with its protrusion through the second deformable region
of the second exterior wall of the housing yields a fiber optic connector with a

second polarity, the second polarity being opposite to the first polarity.

20. The combination of the reversible polarity fiber optic connector of claim 19
and a tool for deforming the deformable region of either the first exterior wall of

the housing or the second exterior wall of the housing.

21. The reversible polarity fiber optic connector of claim 19, further comprising a

spring to urge the push-pull tab forward.
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22. The reversible polarity fiber optic connector of claim 19 further comprising
first and second apertures respectively beneath the first and second exterior walls

of the housing for receiving the protrusion from the deformable region.

23. A reversible polarity fiber optic connector comprising:

at least first and second optical ferrules;

a connector housing at least partially surrounding the first and second
optical ferrules and having a first exterior wall positioned above the first and
second optical ferrules and a second exterior wall positioned beneath the first and
second optical ferrules;

a removable push-pull tab;

a first push-pull tab retainer positioned on the first exterior wall and a
second push-pull tab retainer positioned on the second exterior wall,

wherein positioning the removable push-pull tab in the retainer on the first
exterior wall of the connector housing yields a fiber optic connector with a first
polarity and positioning the removable push-pull tab in the retainer on the second
exterior wall of the housing yields a fiber optic connector with a second polarity,

the second polarity being opposite to the first polarity.

24. The reversible polarity fiber optic connector of claim 23 wherein the first and

second push-pull tab retainers each include a projection.
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25. The reversible polarity fiber optic connector of claim 23 wherein each

projection is a clip for receiving a portion of the push-pull tab.
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Abstract:

Reversible polarity fiber optic connectors are provided having housings at least
partially surrounding first and second optical ferrules with walls above and beneath the
ferrules. Positioning removable elements such as latches, removable arms, or push-pull
tabs on the first wall above the ferrules yields fiber optic connectors with a first polarity
type, and positioning the removable elements on the second wall beneath the ferrules yields
fiber optic connectors with a second, opposite polarity type. Various engagement
mechanisms are provided on either the connector housing walls or on the removable

elements, or both, to assist in affixing the removable element to the connector housing.
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A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

EFS Web 2.1.17
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Electronic Acknowledgement Receipt

EFS ID: 31663878
Application Number: 15884327
International Application Number:
Confirmation Number: 7275

Title of Invention: OPTICAL CONNECTORS WITH REVERSIBLE POLARITY
First Named Inventor/Applicant Name: Kimman WONG
Customer Number: 152878
Filer: Edward Jarmolowicz
Filer Authorized By:
Attorney Docket Number: P1183US01 {(S09300US01)
Receipt Date: 31-JAN-2018
Filing Date:
Time Stamp: 16:40:27
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment no
File Listing:
Doc .. : ile Si i
ument Document Description File Name File Slze(B)ftes)/ Mu“'. 'Pages
Number Message Digest | Part/.zip| (ifappl.)
613022
1 Information DFlscIosuSréeOZtatement (IDS) $09300USIDSJan2018.pdf o 5
orm ( ) 97aa40218767¢e77ad16d899565f98b7ca19)
4e4d4
Warnings:
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Information:

Total Files Size (in bytes): 613022

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Boc Code: Cath PTO/BALDS (11-15)

Document Description: Oath or declaration filed Approved for uss through 4302017, OME 08510032
U5, Patent and Trademark Office; 1.5, DEPARTMENT OF COMMERCE

Under the Papsrwork Reduction Act of 1885, no persons are required to respond 1o a collastion of information uniess it cartains a valid OME control number,

{ DECLARATION FORUTIITY OR | Jlomeydodket  goon00us01(1183) )
DESIGN | First Namned Inventor Kien
PATENT APPLICATION Kimman WONG
(3? CFR 1,§3> COMPLETE IF KNOWN
Application Number 15/884,327
Deglaration Daclaration "t .
Submitted Submittad After initial Filing Date
\;ﬂ;ﬁ:ginmai OR Bl (F;;E:?ngé;ugc?gggi T
required) Examiner Name o
S ) J

{Title of the fnvention)
As a below named Inventor, { hereby declare that:

This declaration is directed to:

The altached application,

16/884,327

United States Application Number or PCT Internalional application numbsr

13012018

filed on

The above-ideniified application was made or authorized o be made by me.
{ balisve | am the original inventor or an original joint inventor of a claimed invention In the applisation.

§ heraby acknowledge that any williul false statement made in this declaration is punishable under 18 U.8.C. 1001
by fine or imprisonment of not more than five (5} years, or both.

Direct al R —————— e i Corespondencs
corraspondence to ;zzizﬁf:‘:j:ber: 152878 oR . address below
Hame

Senko Advanced Components Inc

“Rddpagg T

450 Donald Lynch Bivd, Unit D

Cily Staie i élp

Mariborough MA 01752

Sountry Telspiione Emai

USA patents@ssnko.com

[Page i of 8
This collection of information is required by 36 U.S.C. 115 and 37 CFR 1.63. The information is roquired to abitain or retain a benafit by the public which is io file {and by
the USPTO to process) an appiication. Confidantiality is governed by 35 U.S.C, 1232 and 37 CFR 1.11 and 1.14. This callection is sstimated to take 21 minues to
complete, including gathering, praparing, and submiting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
commmants on 1he amount of ime you reguire fo complete this fomm andior suggestions ior reducing this burden, shouid be sent i the Thisf information Oificar, U8,
Patent and Trademark Offing, U.S. Department of Gomimerce, P.O. Box 1450, Alexandria, VA 22313-1450. DONOT SEND FEES OR COMPLETED FORMS TQ THIS
ADDRESS. SENG TO: Commissioner for Patents, P.0. Box 1450, Alexandeis, VA 223131480,

i you need assistance in complating the form, call 1-8060-PTQ-9198 and seledt optien 2.
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Under the ngemark Reduction Actof 1995, ne gersons are required to res

PTIVAING (08412

Approved far use through 31/3172094, OMB $851-0032
U.8. Patant and Trademark Office; U. 5. DERARTMENT OF COMMERCE

sond fo 3 coliection of information unless it contains a valid OMB conirol number.

SUPPLEMENTAL SHEET FOR DECLARATION

- ADDITIONAL INVENTOR(S)

Supplemenial Shest {for PTGIAEA?G&GQ)

Legal Name of Additional Joint Inventor, if any:

- (£.g., Given Name (frst and midale (¥ any)} and Family Name or Surname)

Jeffrey GNIADEK

Iverlors s &
Signaigfe oy

Date (Ontional)

R

o p
o e

Worithridge

3

. Stale

s City

UNITED STATES

Counﬁ:ﬁ-‘

450 Donald Lynch Boulevard - D

Mailing Address

MA

State

Mariborough

US

- D1752-470
Zip

Countyy

{£.g., Given Name (first and middie (if any)} and Family Name or Surname)

Kazuyoshi TAKAND

Signaiure

N
¥ : IR
inventor's R0
= o F R )

o

Date (Optional)

: Southborough RMA Us
Residence: Sy State Countyy:
450 Donald Lynch Boulevard - D
g O O e eeoes e eees st eeee s eeeeeeees e eeeeeeees e
. Mariborough N _D17B2-4700

City State Zip Conty
Legal Name of Additional Joint inventor, if any:

(£.g., Given Name {first and middie (f any)) and Farily Name or Surname)

Siu Kel MA

tnventor's :

$;qnature £ Date {Optional}
; 1 Hong Kon
Residence; City Hcmg Kﬁﬂg State Country g nong

450 Donald Lynch Boulevard - D

Mailing Address

Mariborough

g

City State

01752-470. us
i Couniry

This collaction of infarrmation is required by 35 U.5.C. 116 and 37 CFR 1.83. The information is required

10 cbiain of TR & DENGAt BY the PUBNE WHIGH 15 10 IS

{and by the HSPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is sstimated to take 21
minutes to complete, including gathering, preparing, and submitting the completed application form 16 the USPTQ. Tirme wilt vary depending upon the individal
case. Any commants on the amount of time you require to complate this form and/or suggestions for reducing this burden, should be sent to the Chisf Information
Officer, U.S. Patent and Trademark Office, 1 8. Depantment of Commerce, P.0. Box 1450, Alexandria, VA 22313-1459. DO NOT SEND FEES OR COMPLETED
FORMS TQ THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 223131450,

# you need assistance in compisting the form, call 1-800-FT0-8138 (1-800-786-9138) and select aption 2.
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Agpeoves for ues hrough SIBUAIL GIEE 08590033

1.5, Patont and Tredemark (fcs; U8, DERARTRENT OF COMMERCE

Uneior s Papunverk Radietion Act of 1988, mmmqu@wmmmﬁma Mﬁsmmi&&mﬁ&wm3MMbﬁ

" DECLARATION (37 CER 1.63} FOR UTILITY OR DESIGN APPLICATION USING AN

%,
o,
Diprersst”

\ APPLICATION DATA SHEET (37 CFR 4.78}
Tithe of - J— . .
Srnsion OPTICAL CONNECTORS WITH REVERSIBLE POLARITY

As the balow nemes nventor, | hersby declare thet

%mmm {j The stiached spplication, o
S Uritod States applicaion of POT inismational pplication smbar . 15/884,327

Saddon " N —

“The ahove-idertifiad sppdication was mads or sulhorized §o be muds by me.

§ bebiove that | am e criginal inventor or an originet foint inventoer of 5 cisimed Fvention i the spplication.

¥ hensby acknowiadge el any wilh flse stetemant mads in tis decimmtion i punishabla under 1B US.C W00
by fing or imprisonmart of aot mone than Sve {5} vears, or bofh,

WARNING:
Potionerfappiicant is cautionad to avold submiting persons! information in dasumants Fed & 2 patent spplication thet may
cordibngs to Kontity the. Persons! informalion stch 38 SaCiE seourlly menbers, bank sccount suanbars, of cendll card numbers
{other than a cheak or oradit cand authioreation form PTO-2038 subndied Ry payment purposes; i nevar requirsd by the USPTOQ
& support & peliion or an applicetion. b8 iype of personal nformation is fnoiided in documents submitied o the USPTD,
petitionersfapplicants should consider redacting such permonst information fom tha documents beks submiting tham o ths
LUSRTO. Petionerdsoplicent iz advised Hat the revond of & patent application i avaliabis o the public afier publicetion of the
apphication {unisss 2 non-publication request in complsnce with 37 OFR 1.213(8) is mads in the applicetion) or lssuants of g

Bendoned appication may s be avalishie t the public K the sppliation la

344} Checks s orsdit gand mihorzation forms
ication e and herafors e aol publicly avalilshie,

LEGAL NAME OF INVENTOR
Feb. 1, 2018

SluKeiMa . ' A Dats (Ctional)

Mate: An sppfiostion dels shest FTOVSBI4 or equivaient), inciuding naming the entive lnvendive Sy, mest Socompany s form o st hewe
nosn previnualy B, Uss an addtions! PTCYALAA form Jor esch addifionsd Fwerdar.
e W vasios & ol by S UB.E, T et 57 £FR 143 Tho informatun & roydied 2 Shanis o sobnin & bunesh by the puls
Perfdentiely is gevemed by 38 160, 192 and 7 OFR 414 and .14, Tois aotfestion is sstimeted o taka § minuin 9
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Electronic Patent Application Fee Transmittal

Application Number:

15884327

Filing Date:

Title of Invention:

OPTICAL CONNECTORS WITH REVERSIBLE POLARITY

First Named Inventor/Applicant Name:

Kimman WONG

Filer:

Edward Jarmolowicz

Attorney Docket Number:

P1183US01 (S09300US01)

Filed as Large Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
LATE FILING FEE FOR OATH OR DECLARATION 1051 1 160 160

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
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Description

Fee Code

Quantity

Amount

Sub-Total in
UsD($)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

160
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Electronic Acknowledgement Receipt

EFS ID: 31958564

Application Number: 15884327

International Application Number:

Confirmation Number: 7275
Title of Invention: OPTICAL CONNECTORS WITH REVERSIBLE POLARITY
First Named Inventor/Applicant Name: Kimman WONG
Customer Number: 152878
Filer: Edward Jarmolowicz

Filer Authorized By:

Attorney Docket Number: P1183US01 {(S09300US01)
Receipt Date: 05-MAR-2018
Filing Date:
Time Stamp: 15:17:55
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $160

RAM confirmation Number 030618INTEFSW15204600

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
310043
1 S$09300US010aths.pdf yes 4
Oebcba24eada05d44c1d65b877178728052)
c92b6
Multipart Description/PDF files in .zip description
Document Description Start End
Oath or Declaration filed 1 2
Oath or Declaration filed 3 3
Oath or Declaration filed 4 4
Warnings:
Information:
30600
2 Fee Worksheet (SB06) fee-info.pdf no 2
476d47cc7ded11608a83940321fa21022cb
cd62f
Warnings:
Information:
Total Files Size (in bytes): 340643
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Document code: WFEE
United States Patent and Trademark Office
Sales Receipt for Accounting Date: 03/12/2018

VVAN11 ADJ #00000002 Mailroom Dt: 03/05/2018
Seq No: 2043 Sales Acctg Dt: 03/06/2018 15884327
01 FC:1051 -160.00 OP
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Document code: WFEE

United States Patent and Trademark Office
Sales Receipt for Accounting Date: 03/12/2018

VVANT1 SALE #00000004  Mailroom Dt: 03/05/2018 15884327
01 FC : 2051 80.00 OP
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY.DOCKET NO./TITLE REQUEST ID

15/884,327 01/30/2018 SENKO Advanced P1183US01 (S09300US01) 58899
Components, Inc.

Acknowledgement of Change to Small Entity Status
The entity status change request below filed through Private PAIR on 03/05/2018 has been accepted.

CERTIFICATIONS:

Change of Entity Status:

X Applicant asserting small entity status. See 37 CFR 1.27.

NOTE: If the application was previously under micro entity status, checking this box will be taken to be a notification of
loss of entitlement to micro entity status.

This portion must be completed by the signatory or signatories making the entity status change in accordance
with 37 CFR 1.4(d)(4).

Signature: Edward Jarmolowicz/
Name: Edward S. Jarmolwociz
Registration Number: 47238
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Document code: WFEE

United States Patent and Trademark Office
Sales Receipt for Accounting Date: 03/12/2018

VVANT11 RF #30210273 Mailroom Dt: 03/12/2018 15884327
Credit Card Refund Total: $80.00

Master Card XAXXKXKXXKXKXKXXK2784
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
15/884,327 01/30/2018 Kimman WONG P1183US01 (S09300US501)
CONFIRMATION NO. 7275
152878 FORMALITIES LETTER

Senko Advanced Components, Inc.

450 Donald Lynch Bivd IR0

Unit D
Marlborough, MA 01752

WL RN

‘(‘)000009798 79

Date Mailed: 03/13/2018

NOTICE TO FILE CORRECTED APPLICATION PAPERS
Filing Date Granted

An application number and filing date have been accorded to this application. The application is informal since
it does not comply with the regulations for the reason(s) indicated below. Applicant is given TWO MONTHS
from the date of this Notice within which to correct the informalities indicated below. Extensions of time may be
obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

The required item(s) identified below must be timely submitted to avoid abandonment:

+ A substitute specification in compliance with 37 CFR 1.52, 1.121(b)(3), and 1.125, is required. The substitute
specification must be submitted with markings and be accompanied by a clean version (without markings) as
set forth in 37 CFR 1.125(c) and a statement that the substitute specification contains no new matter (see 37
CFR 1.125(b)). The specification, claims, and/or abstract page(s) submitted is not acceptable and cannot be
scanned or properly stored because:

» The application contains drawings, but the specification does not contain a brief description of the several
views of the drawings as required by 37 CFR 1.74 and 37 CFR 1.77(b)(9).

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to

exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.

page 1 of 2
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Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice".
https:/sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http.//www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

Iwtsige/

page 2 of 2
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 15/884,327
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A 75 N/A
SEARCH FEE
e o N/A N/A N/A 330 N/A
EXAMINATION FEE
it ey N/A N/A N/A 380 N/A
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 25 minus 20= 5 50 - 250 OR
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 5 minus 3 = 2 230 = 460
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 1495 TOTAL
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
L Total . i = =
s (37 CF% ?.16(i)) Minus = OR =
% Independent * Minus | *** = _ OR _
i (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 GFR 1.16())) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR =
% Independent * Minus | *** = _ OR _
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 GFR 1.16()))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".

*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
15/884,327 01/30/2018 2883 1575 P1183US01 (S09300US01) 25 5
CONFIRMATION NO. 7275
152878 FILING RECEIPT

150 Donall Lrch g ers e A

Unit D
Marlborough, MA 01752

Date Mailed: 03/13/2018

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
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OPTICAL CONNECTORS WITH REVERSIBLE POLARITY

Cross-Reference to Related Patent Anplications:

{8001} The present application claims priorities to United States Provisional
Patent Applications No, 62/452,147 filed January 30, 2017, No. 62/457,150 filed February
9, 2017, No. 62/463,898 filed February 27, 2017, No. 62/463,901 filed February 27, 2017,
No. 62/485,042 filed April 13, 2017, Ne. 62/546,920, filed Auvgust 17, 2017, and No.
62/581,961 filed November &, 2017, the disclosures of which are incorporated herein by
reference in their entireties.

Field of the Invention:

{60021 The present disclosure relates generally optical connectors with reversible
polariiy.

Background:

{8303} The prevalence of the Internet has led to unprecedenied growth in
communication networks. Conswmer demand for service and increased competition has
caused network providers to continucusly find ways to improve quality of service while
reducing cost.

{6084} Certain solutions have included deployment of high-density interconnect
panels. High-density interconnect panels may be designed to consolidate the increasing
volume of inferconnections necessary o support the fast-growing networks into a
compacted form factor, thereby increasing quality of service and decreasing costs such as
floor space and support overhead. However, room for improvement in the area of data
centers, specifically as it relates to fiber optic connections, still exists, For example,

manufacturers of connectors are always looking to reduce the size of the devices, while
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mereasing ease of deployment, robustness, and modifiability after deployment. In
particular, more optical connectors may need to be accommodated in the same footprint
previously used for a smaller number of conpectors in order to provide backward
compatibility with existing data center equipment. For example, one current footprint is
known as the small form-factor pluggable footprint (SFP).  This footprint currenily
accormmodates two LC-type ferrule optical connections. However, it may be desirable to
accommaodate four optical connections {two duplex connections of transmit/receive} within
the same footprint. Another current foolprint is the guad small form-factor phuggable
(QSFP) footprint. This footprint currently accommedates four LC-type ferrule optical
connections. However, it may be desirgble to accommodate eight optical connections of
LC-type ferrules (four duplex connections of transmit/receive) within the same footprint.
[8005] In conununication networks, such as data centers and switching networks,
numerous interconnections between mating connectors may be compacted into high-
density panels. Panel and connector producers may optimize for such high densities by
shrinking the connector size and/or the spacing between adiacent connectors on the panel.
While both approaches may be effective to increase the panel connector density, shrinking
the commector size and/or spacing may also increase the support cost and diminish the
quality of service.

{0006] In a high-density panel configuration, adjacent connectors and cable
assernblios may obstruot access to the individual release mechanisms. Such physical
obsiructions may impede the ability of an operator to minimize the stresses applied to the
cables and the connectors. For example, these stresses may be applied when the user

reaches inlo a dense group of connectors and pushes aside swrrounding optical fibers and

Docket No. P1183USO1 (809300US01) 2
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connectors to access an individual connector release mechanism with his/her thumb and
forefinger. Overstressing the cables and connectors may produce latent defects,
compromise the imtegrity and/or reliability of the terminations, and potentially cause
serious disruptions o network performance.

Accordingly, there is a need for smaller fiber optic connectors that will meet the needs of

future developments in smaller SFPs and are reconfigurable for flexible deployment.

Summary of the Invention:

{0671 In a first aspect, the present disclosure provides a reversible polarity fber
optic connector tncluding at least first and second optical ferrules and a connector housing
at least partially surrounding the first and second optical ferrules. The housing has a first
gxterior wall positioned above the first and second optical ferrules and a second exterior
wall positioned beneath the first and second optical ferrules. A latch coupling is positioned
on each of the first and second exterior walls of the housing. A removable laich may
engage either the first or second exterior wall latch coupling on the connector housing.
Positioning the removable latch on the first exterior wall vields a fiber optic connector with
a first polarity and positioning the removable latch on the second exterior wall vields a
fiber optic connector with a second, opposite polarity.

[B088] In another aspect, the present disclosure provides a reversible polarity
fiber optic connector with exchangeable arms for changing connector type. Thus, &
connnon connector body may be formed into different connector tvpes. The connector
includes at least first and second optical ferrules and a common connector housing at least

partially surrounding the first and second optical ferrules. The housing has a first exterior

Dacket No. P1IB3USSE (S09300US0H 3
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housing at least partially surrounding the first and second optical ferrules. A first exterior
wall is positioned above the first and second optical ferrules and a second exterior wall is
positioned beneath the first and second optical ferrnles. A removable push-pull tab is
provided. A first push-pull tab retainer is positioned on the first exterior wall and a second
push-pull tab retainer is positioned on the second exterior wall. Positioning the removable
push-pull tab in the retainer on the fivst exterior wall of the connector housing yields a fiber
optic connector with a first polarity and positioning the removable push-pull tab in the
retainer on the second exterior wall of the housing vields a fiber optic connector with a

second, opposite polarity.

{6011} FIG. 1A 18 a perspective view of one embodiment of a reversible polarity
fiber optic connector according 1o some aspects of the present disclosure;

18013} FIG. 1B is a side view of the reversible polarity fiber optic connector of
FiG, 3A with the removable laich being removed from the connector housing,;

9613} FIG. 2A is a perspective view of the reversible polarity fiber optic
comnector of FIG. 1A;

{8014) FIG. 2B 15 an exploded view of a step in the process of changing the
polarity of the reversible polarity fiber optic connector of FIG. 24

{0015} FIG. 2C is an exploded view of a next step in the process of changing the
polarity of the reversible polarity fiber optic connector of FIG. 24,

0816} FIG. 212 is a perspective view of the fiber optic connector of FIG. 1A with

its polarity reveresed;

Docket Mo, PHIS3USO] (S09300US0L) s
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L FIG. 3A is a perspective view of an embodiment of a reversible polarity
fiber optic connector with a pull t8b according to aspects of the present disclosure;

{8018} FIG. 3B is an cxploded view of the reversible polarity fiber optic
connector of FIG. 3A;

16619} FIG. 4A 18 a perspective view of the polarity of the reversible polarity fiber
optic connector of FIG. 3A;

{(6028] FIG. 4B s an exploded view of a step in the process of changing the
polarity of the reversible polarity fiber optic connector of FIG. 44,

10021} FIG. 4C.1 is an exploded view of positioning the laich in the process of
changing the polarity of the reversible polarity fiber optic connector of FIG. 44,

{6022} FIG. 4C.2 is an exploded view of attaching the removed components of
FIG. 4B in the process of changing the polarity of the reversible polarity fiber optic
connector of FIG. 44,

[8023] FIG. 4D 1s a perspective view of the reversible polarity fiber optic
connector of FIG. 4A with its polarity reversed;

(66241 FIG. 53A is a perspective view of another embodiment of a reversible
polarity fiber optic connector with a pull tab according to aspects of the present disclosure;
LAY FIG. 5B it an exploded view of the reversible polarity fiher optic
connector of FIG. 5A;

{8036} FIG. BA is a perspective view of the polarity of the fiber optic connector
of FIG. SA;

{8027} FIG. 6B is an exploded view of a step in the process of changing the

polarity of the reversible polarity fiber optic connector of FIG. 54;

Docket No. P1IB3USOT (S09300USGH &
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{0028} FIG. 6C is an exploded view of a next step in the process of changing the
polarity of the reversible polarity fiber optic comnector of FIG. 84,

{8039 FIG. 6D is 3 perspective view of the reversible polarity fiber optic
connector of FIG. 6A with ifs polarity reversed;

{0036 FIG. 7A is a perspective view of a common connector housing of a
reversible polarity fiber optic connector with exchangeable arms for changing connector

type in an embodiment according {o aspects of the present disclosure;

{8031} F1G. 7B is the front view of the common connector housing of FIG. 74,
{80321 FIG, 7C is the top view of the comumon connector housing of FIG. 7A,;
{6033) FIG. 7D is the side view of the common connector housing of FIG. 7A;
16834] FIG. 8A.1 shows how the common connector housing of FIG. 7A s used

to create g latch-type connector;
00351 FIG. BA.Z 15 an exploded view of FIG. 8ALT,
[68386] FIG. 8B.1 shows how the common connector housing of FIG, 7A is used

{0 create a recess-type connecior;
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type fiber optic connector of FIG. BALL;

{8639} FIG. 9B is an exploded view of a step in the process of changing the
polarity of the reversible polarity fiber optic connector of FIG. 8ALL;

{3048 FIG. 8C 1s an exploded view of a next step in the process of changing the

polarity of the reversible polanity fiber optic connector of FIG, 8ALL;
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{8041 FIG. 9D is a perspective view of the reversible polarity fiber optic

connector of FIG. 8A.1 with its polarity reversed;
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type fiber optic connector of FIG. 8B.1;

{0843 FIG. 10B is an exploded view of a step in the process of changing the
polarity of the reversible polarity fiber optic connector of FIG. §B.1;

{8044} FIG. 10C 1s an exploded view of a next step in the process of changing the
polarity of the reversible polarity fiber optic connector of FIG. §B.1;

{0045] FIG. 18D is a perspective view of the reversible polarity fiber optic
connector of FIG. 8B.1 with its polarity reversed;

{6346} FIGS. 11A and 11B respectively depict exploded and perspective views
of a reversible polarity optical connector according fo a further embodiment of the
disclosure;

0047} FIGS. 12A-12D depict the operation of the reversible polarity optical
connector of FIGS, 11A and 118;

[6048] FIGS. 13A-13D depict the process for changing the polarity of the optical
comnector of FIGS, 11A and 118;

100491 FIGS. 14A and 14B respectively depict exploded and perspective views
of a reversible polarity optical comnector according to a further embodiment of the
disclosure;

{6058 FIGS, 15-13D depict the operation of the reversible polarity optical

conmector of FIGS. 14A and 148;
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{6051} FIGS. 16A-16D depict the process for changing the polarity of the optical
connector of FIGS, 14A and 14B;

80831 FIGS. 17A-17C respectively depict perspective, partial cross-section, and
exploded views of a reversible polarity optical connector according to a further
embodiment of the disclosure;

[BOS3] FIGS, 18A-18D depict the assermbly of the push-pull tab to the connector
body of the connector of FIGS., 17A-17C;

{0054} FIGS. 19A-198 depict the removal of the push-pull tab from the connector
body using a tool;

{B055] FIGS. 20A-20D depict the process for changing the polarity of the optical

cormector of FIGS. 17A4-17C.

Detailed Deseription:

[8056] This disclosure is not limited to the particular systems, devices and
methods described, as these may vary. The terminology used in the description is for the
purpose of describing the particular versions or embodiments only, and is not intended to
Hinit the scope.

{6087} As used in this document, the singular forms “a,” “an,” and “the” include
plural references unless the context clearly dictates otherwise. Unless defined otherwise,
all technical and scientific terms used herein have the same meanings as commonly
understood by one of ordinary skill in the art. Nothing in this disclosure is to be construed
as an admission that the embodiments described in this disclosure are not entitled fo
antedate such disclosure by virfue of prior invention. As used in this document, the term

“comprising” means “including, but not limited t0.”

Docket No. PIIS3US0L (S08300USHT) 9
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{0058 The following terms shall have, for the purposes of this application, the
respective meantngs set forth below.

R The connectors of the present disclosure may be configured for fiber optic
transimission or electrical signal transmission. The connector may be any suitable type now
known or later developed, such as, for example, a ferrule connector (FC), a fiber distributed
data interface (FDDI} connecior, an LC connector, a mechanical fransfer (MT} connecior,
a square commector (8O} connector, an SC duplex counector, or a straight tip (8T)
connector. The connector may generally be defined by a connector housing. In some
embodiments, the housing may incorporate any or all of the components described herein,
{3060] Varicus embodiments described herein generally provide a remote release
mechanism such that a user can remove cable assembly connectors that ave closely spaced
together without damaging surrounding  connectors, accidentally  disconnecting
surronnding connectors, disruping transmissions through surrounding connectors, and/or
the like. Various embodiments alse provide narrow pitch LC duplex connectors and
narrow width multi-fiber connectors.

{8861} As discussed herein, current connectors may be improved by varlous
means, such as, for exemple, reducing the footprint, increasing the structural strength,
enabling polarity changes, efc. Various embodiments disclosed herein offer improvements
over the current state of the art, as will be further discussed below.

{68621 In some embodiments, the fiber optic connector may be a narrow pitch
duplex LC connector including two LU connectors. In some embodiments, such as that
shown, the two LC connectors may comprise a single combined vnit. In alternative

embodiments, the L.C connectors may be separate members, wherein an air gap exists
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{60651 FIGS. 1A and IB depict a fiber optic connector with reversible polarity
according to one aspect of the present disclosure. As shown in FIG. 1A, a reversible
polarity fiber optic connector may inchide first and second optical ferrules 1103 and 110b
and a connector housing 120 at least partially surrounding the first and second optical
ferrules. A removable laich 130 is depicted in FIG. 1A in ils assembled state and in FIG.
1B removed from the connector housing 120

{6066] FIG. 1B is a side view of the reversible polarity fiber optic connector of
FIG. 1A with the removable latch 130 being separated from the connector housing. As
shown, the connector housing 120 may have a first exterior wall 121a positioned above the
first and second optical ferrules and a second exterior wall 121b positioned beneath the
first and second optical ferrules. A latch coupling 122 is posttioned on each of the first
and second exterior walls of the housing. The removable latch 130 may include a protrusion
131 for engaging the housing latch coupling 122, In particular, the latch coupling 122 may
include angled walls that interact with slanted edges of the protrosion 131 to prevent
accidental disassembly of the latch 130, Although the latch coupling 122 is depicied as s
recess on the housing accommmodating a laich protrusion, these clements may be reversed
with the latch including 3 recess and the housing including a protragion. Other mechanical
coupling mechanisms may be used to interconnect the housing and the removable latch.
For example, an embodiment may involve a coupling system wherein the removable laich
is inserted into a recess in the connector housing and twisted {e.g., 80°, 180°, etc.} to seeure
the latch to the recess, Aliernative coupling may use a more complex shape. For example,
a u-shaped recess in the connector housing may engage a cooperatively-shaped projection

in the latch that is inserted and fed through the u-shape unti secure. It should thus be

Docket No, PIIR3USOI {(S09300U801) 12
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understood, that any system or method of coupling may be wsed to attach the removable
latch to the connector housing, including varicus locations {e.g., sliding from the front,
sides, back, bottom, top, eic.).

{8067} FIGR. 2A-2D depict the process for changing the polarity of the fiber optic
connector of FIG. 1A from a first polarity, FIG. 2A to a second, opposite polarity, FIG.
213, The removable latch 130 vaay be removed from the latch coupling on the first exterior
wall of the connector housing, FIG. 2B, positioned adjacent the second exterior wall on
beneath the ferrules, FIG. 2C, and then coupled with the Jaich coupling on the second
exterior wall of the conunector housing to vield a connector 100R, FIG. 2D, having the
opposite polarity of connector 100, In this manner, transmit and receive optica] fibers may
be reversed without necessitating any fiber twist or complex repositioning of the optical
ferrules.

{0068] In typical embodiments, the latch of the connector housing is required to
be flexible. Thus, ‘when a latch and a connector housing {e.g., duplex connector) are built
as one unified member {as is currently done}, the fiber optic connector is built of a similar
flexible or less rigid material. Building the connector housing out of a plastic or polymeric
material, limits the amount of rigidity that it can have. Thus, as fiber optic connectors
continue fo reduce in size, the strength of the housing has been reduced. Therefore, it would
be advantageous to build the connector housing out of a move robust material while still
allowing the latch to remain flexible. In order fo accomplish this, in some embodiments
according to aspects of the present disclosure, the connector housing may be manufactured
out of a very rigid or strong material {e.g., steel, graphene, carbon, metal alloys, or any

material of suitable properties). Because the connector housing and the removable latch
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positioned surrounding the convecior housing and engaging the removable laich tip,
resulting in the assembled optical connector 300R having polarity opposite to that of
connector 366, FIG. 4D.

{8072} FIG. 5A and 5B are a perspective view and exploded view, respectively,
of another embodiment of a reversible pelarity fiber optic connector 500. The c@nncétar
500 meludes a cmnéc‘tar housing 320, a latch 5330, and a pull tab 540. On the first and
second exterior walls of connector housing 520 are latch couplings that include a groove
522. Arecess 521 is also provided in the housing. The latch 538 includes g protrusion 531
that is received within groove 522. The latch further includes a projection 332 that is
received in the housing between the optical ferrudes.  The pull tab 540 includes an opening
341 for engaging the removable latch 530, A front protrusion 542 {s configured to depress
the removable latch 330 when the pull b is pulled in a direction away from the ferrule
side of the optical connector,

16673 FIGS, 6A-6D depict the process for changing the polarity of the fiber optic
connector 500 from a first polarity, FIG. 64 fo a second polarity, FIG. 6. The pull tab
340 is disengaged from the connector housing and the removable latch 530 on the first
exterior wall of the conmector housing, FIG. 68, and the removabile latch is decoupled fom
the latch coupling on the first exterior wall of the connector housing. Then the removable
latch may be coupled with the latch coupling on the second exterior wall of the connector
housing, beneath the optical ferrules in FIG. 6C, and the pull tab 540 is engaged with the
connector housing and the removable laich on the second exterior wall of the connector

housing to create reverse polarity connector S00R, FIG. 613,

Docket No. P1183US01 (S09300US01) 15
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{B88374] It is of interest within the optical connectivity industry to have multiple
styles of optical connectors for multiple purposes and/or mﬁitipi@ implernentation styles.
Thus, i order to more easily provide flexibility, a solution is needed that allows for on-
the-fly, in-the-feld, or in manufacturing modification of the connector. The below
embodiment provides a universal type fiber optic connector which has a unigne housing
design that allows for different latches or arms to be attached.

LR FIG. 7A 1s a perspective view of & common connector housing 720 of 2
reversible polarity fiber optic connector 700 with exchangeable arms for changing
connector type in an embodiment according to aspects of the present disclosure. As shown,
the reversible polarity fiber optic connector may comprise first and second optical ferrules
710a and 710b and the common connector housing 720 at least partially surrounding the
first and second optical ferrules,

{B076] FIG. 7B, 7C and 7D are the front view, top view and side view,
respectively, of the common connector housing 720, As shown, the common connector
housing may have a first exterior wall 725a positioned above the first and second optical
ferrules and a second exterior wall 725b positioned beneath the first and second optical
ferrules. The connector housing 720 may further have a coupling surface 724 positioned
on each of the first and second exterior walls and include a repeiving track 726 in the
coupling surface.

8477} FIG. 8A.1 shows the common connector housing 720 used to create a
latch-type connector 700 and FIG. §B.1 shows the commeon connector housing 720 used to
create a recess-type connector 300, Both of connectors 700 and 800 include 3 removable

arm 730 or 830 for engaging either of the first and second exterior wall coupling surfaces

Docket No. PHIS3USGT (SOR300US0H) 16
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724 on the connector housing, FIGS. 8A.2 and 8B.2 respectively. The removable arms 730
and &30 may each respectively include a projection 735 or 835 for engaging in the receiving
track 726 of the coupling surface 724, FIGS. 8A.2 and 8B.2 respectively. As with the
previous embodiments, posttioning the removable arm on the first exterior wall of the
connector housing vields a fiber optic connector with a first polarity and positioning the
removable arm on the second exterior surface of the housing yields a fiber optic connector
with the opposite polarity.

[6678] Still referring to FIG. 8A.2 and 8B.2 respectively the removable arms may
include either a latch or a recess: removable arm 730 includes a laich 733 while removable
arm 830 includes a recess 834, Thus, a latch-type connector 700 is created through
assembly of the removable laich arm to the common connector body 720 as shown in FIG.
8A.1 and a recess-type commector 800 is created through assembly of the removable recess
arm to the comunon connector body 720 as shown in FIG. 8B.1.

{00791 The fiber optic connector may further inchude a pull tab. When a
removable arm with a latch 730 is positioned on the coupling surface of the common
connector housing 720 to create a latch-type connector 700, the pull tab 740 is a separate
element from the removable arm, FIG. 8A 2. When a removable arm includes a recess 830
is positioned on the coupling surface of the common connector housing 720 to create a
recess-type connector 300, the pull tab 840 is integrated with the removable arm, FIG.
§B.2.

[008G] FIGS. 9A-9D depict the process for changing the polarity of the latch-type
fiber optic connector from a first polarity 700, FIG. 9A 1o g second polarity T00R, FIG.

9}, The sub-assernbly of the removable arm 730 and the pull tab 740 may be decoupled

Docket No. PTIB3UR0T {S093060USOD) 17
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from the coupling surface 724 of the first exterior wall of the connector housing, FIG. 9B.
Then the sub-assembly of the removable arm 730 and the pull tab 740 may be coupled with
the coupling surface of the second exterior wall of the connector housing, FIG. 8C, creating
the opposite polarity connector 700R.

6081} FIGS. 10A-10C depicts the process for changing the polarity of the recess-
type fiber oplic connector 800 from a first polarity, FIG. 10A to & second polarity, FIG,
10D, The removable arm 830 with a recess and a pull tab as an infegral structure may be
decoupled from the coupling surface 724 of the first exterior wall of the connecior housing,
FIG. 10B. Then the removable arm may be coupled with the coupling surface 724 of the
second exterior wall of the common connector housing 720, FIG. 10C {o create opposite
polarity optical commector SO0R, FIG, 10D,

[0082) FIGS, 11A and 11B depict a further embodiment 1100 of the reversible
polarity optical connectors of the present disclosure. In FIG. 114, a push-pull tab 1130
may interconnect with either a first exterior wall 1110 of housing 1105 or with a second
exterior wall 1115 of housing 1105, Ferrules 1120 and 1125 are at least partially
surrounded by bousing 1105 and may be LT connectors in an embodiment. As in previous
erabodiments, the push-pull tab may include a tab recess 1145, Alternatively, push-pull
tab 1130 may include a lstch (not shown). Various features of the push-pull tab 1130 are
provided to assist in affixing the push-pull tab to the first exterior wall 1110 or the second
exterior wall 1115 of the housing 1105, This includes push-pull tab clips 1135 that clip
ontto the optical connector, optionally in a boot region, and protrusion 1140 that fits within
a first aperture, 11094, beneath the housing exterior wall 1110 or a second aperture,

11098, beneath housing exterior wall 1115 (io be discussed in more detail below), and

Docket No. P1I83USOT (8093008U801) 18
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{3085} Various alternatives to the protrusion 1140 of optical connector 1100 may
be used in the optical connectors of this disclosure. For example, the protrusion may be
provided by the connector housing with receiving elements provided in the push-pulil tab.
Vartations to the shape of the projection and apertures may be made without affecting the
function of the reversible-polarity connector.

{80861 Another alternative embodiment is depicied in FIGS, 14A and 148 in
which a hook-shaped protrusion 1440 is provided for engagement within the connector
housing. As in the previous embodiment, the push-pull tab 1430 includes g {ab recess
1445, comnector-attachment clips 1435 and projection 1431 for positioning between
ferroles 1420 and 1425, In FIG, 148, the push-pull tab 1430 is positioned on first exterior
housing wall 1410 and has s first polarity. In this position, the hook-shaped protrosion
1440 engages a housing projection 1460, held in a forward-biased position by push-pull
tab position spring 1465, as seen in FIGS, 18B and 15D, To release the protrusion 1440,
push-pull tab position spring 1465 is compressed in FIG. 153C such that housing projection
1460 is retracted sufficiently o allow removal of protrusion 1440 through the housing
1408, FIG, 15D,

{60871 To change polarity of the optical connector 1400 from the first polarity of
FI1G. 164, the push-pull tab 1430 is removed by withdrawing the protrusion 1440 from the
housing 1405 through the housing aong with defaching clips 1435 and decoupling
projection 1431, thus releasing the push-pull tab from the first exterior housing wall 1110
{FIG, 16B). The push~pull tab is moved foward seeond exterior housing wall 1415 and the
protrusion 1440 is inserted into the housing 1405, Projection 1431 is fitted between

ferrules 1420 and 1425 and clips 1435 are affixed to the connector in FIG. 16C. The

Docket No. PHIEIUSGH (S093G0U801 ) 20
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exterior housing wall and the protrasion 1740 is inserted info the housing 1705 through the
deformable region 1780 in FIG. 20C. The resultant connector 1700R of FIG. 20D is of
opposite polarity to the connector of FIG. 20A.

{6392} Inn another aspect of the disclosure, a retaining momber may be provided
in the connector housing to retain a push-pull tab. As seen in FIGS. 21A-21D, 3 connector
2100 having a housing 2105 is provided with a housing front portien 2107 and a back
portion 2109, Extending from the housing back portion is a retainer 2111 which may
include a pair of retaining clips, as shown, or any other structure configured to retain the
push-pull tab 2130, A receiving sorface 2132 is provided on the push-pull tab 2130 0
allow for sliding of the retainer 2111 along the push-pull iab during tab movement.
Optionally, when the retainer 2111 includes clips, the clips may be hook-shaped as seenin
the cross-sectional view of FIG. 21D, The receiving surface 2132 may be a recess with a
protrusion along the edge that engages the hook-shaped edge of the clips.

[6693] To change the polarity of connector 2100 from the polarity depicted in
FIG. 22A to the second, opposite polarity of FIG, 22E, the retainer 2111 is removed from
recerving surface 2132, Push-pull tab clips separate from the connector as the retainer is
removed. The push-pull tab 2130 is moved to the opposite housing exterior wall in FIG.
22C, while in 2210 the receiving surface 2132 engages with the retainer 2111, InFIG. 21E
the assembled connector 2100R having the opposite polarity to the connector of FIG. 224
is depicted, fully assembled.

[0094] In the above detailed description, reference is made to the accompanying
drawings, which form a part hereof. In the drawings, similar symbols typically identify

stimilar components, unless context dictates otherwise, The illusirative embodiments

Docket No. P11B3USO1 (SO9300US01) 22
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Claims:

1. A reversible polarity fiber optic connector comprising:

at least first and second optical ferrules;

a connector housing at least partially surrounding the first and second
optical ferrules and having a first exterior wall positioned above the first and
second optical ferrules and a second exterior wall positioned beneath the first and
second optical ferrules;

a latch coupling positioned on sach of the first and second exterior walls
of the housing;

a removable latch for engaging either of the first and second exterior wall
latch couplings on the connector bousing;

wherein positioning the removable latch on the first exterior wall of the
connector housing vields a fiber optic connector with a first polarity and
posttioning the removable latch on the second exterior wall of the housing vields
a fiber optic connector with a second polarity, the second polarity being opposite

fo the first polarity.

2. The reversible polarity fiber optic connector of claim §, wherein
each of the latch couplings on the first and second exterior walls of the
connector housing includes at least a recess with angled walls; and
the latch includes at least 3 protrusion with slanted edges for coupling with

the angled walls of the recess on the first exterior wall when the fiber optic

Docket No. P1I83US0L (B09300US01) 27
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connector is configured in the first polarity or the angled walls of the recess on the
second exterior wall when the fiber optic connector is configured in the second

polarity.

3. The reversible polarity fiber optic connector of claim 1, further comprising a

LA

pull tab for engaging the removable latch; wherein pulling the pull tab in a
direction away from the first and second ferrules causes the removable latch to

be depressed.

14
4. The reversible polarity fiber optic connector of claim 3, wherein the pull tab
comprises at least a first opening and a seconding opening for engaging the

removable latch;

wherein the first opening is configured to allow the connector housing and

15 the removable latch to pass through; and

the second opening is configured to allow the removable latch to partially

pass through.

e

5. The reversible polarity fiber optic connecior of claim 3, wherein the pull tab

20 further comprises a first deformable portion and a second deformable portion;

Docket No. PLIS3USOE (S09300US0H) 28
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wherein the first deformable portion is configured to cooperate with the

second deformable portion to depress the removable latch when the pull tab is

pulled in a direction away from the first and second ferrules.

6.

The reversible polarity fiber optic connector of claim 1, wherein

each of the latch couplings on the first and second exterior walls of the

connector housing includes a groove; and

at feast a projection for coupling with the groove on the first exterior
wall when the fiber optic connector is configured in the first polarity or the
groove on the second exterior wall when the fiber optic connector is configured

in the second polarity.

The reversible polarity fiber optic connector of claim 6, further comprising a
pull tab for engaging the removable latch; wherein pulling the pull tabin g
direction away from the reversible polarity fiber optic connector depresses the

removable latch,

The reversible polarity fiber optic connector of claim 7, wherein the pull tab
COTNPTISEs:
an opening for engaging the removable latch; and

a front protrusion configured to depress the removable latch when the pull

tab is pulled in a direction away from the first and second ferrules.

Docket No. P1IS3UBOT {S09300US01} 29
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9. A reversible polarity fiber optic connector with exchangeable arms for
changing connector type comprising:
at {east first and second optical ferrules;
a common connsctor housing at least partially surrounding the first and
5 second optical ferrules and having a first exterior wall positioned above the first

and second optical ferrules and a second exterior wall positioned beneath the first
and second optical ferrules;

a coupling surface positioned on each of the first and second exterior walls
of the common connector housing;

10 a rermnovable arm for engaging either of the first and second exterior wall
coupling surfaces on the common connector housing, the removable arm
including either a latch or 2 laich recess;

wherein positioning the removable arm on the first exterior wall of the
connector housing yields a fiber optic connector with a first polarity and

15 positioning the removable arm on the second exterior surface of the housing
yields a fiber optic connector with a second polarity, the second polarity being

opposite to the first polarity.

10, The reversible polarity fiber optic connector of claim ¢ wherein positioning a
20 removable armm with a latch on the coupling sweface creates a latch-type
connector and positioning a removable arm with a recess creates a recess-type

connector.

Bocket No. P1183USOT (S8(9300U801) 35
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11. The reversible polarity fiber optic connector of claim 9 wherein the housing
includes a receiving track in the coupling surface and the removable arm
includes a projection for engaging in the receiving track in the coupling

surface.

12. The reversible polarity fiber optic connector of claim 9 further comprising a

pull tab.

13. The reversible polarity fiber optic connector of claim 12 wherein the
removable amm includes a latch and the pull tab is a separate clement from the

removable arm.

14. The reversible fiber optic connector of claim 12 wherein removable arm

includes a recess and the pull tab is integrated with the removable arm.

15, A reversible polarity fiber optic connector comprising:
at least first and second optical ferrules;
a connector housing at feast partially surrounding the first and second
optical ferrules and having a first exterior wall positioned above the first and
second optical ferrules and a second exterior wall positioned beneath the first and

second optical ferrules;

Docket No. P1183US01 (S809300US01) 31
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a first aperture in the first exterior wall of the housing and a second
aperture in the second exterior wall of the housing;

a removable push-pull tab including a protrusion for positioning through
either of the first or second apertures in the first and second exterior walls,

5 respectively, of the connector housing;

wherein positioning the removable push-pull tab with its protrusion in the
first aperture of the first exterior wall of the connector housing yields g fiber optic
connector with a first polarity and positioning the removable push-pull tab with itg
protrusion in the second aperture of the second exterior wall of the housing vields

10 a fiber optic connector with a second polarity, the second polarity being opposite

to the first polarity.

16, The reversible polarity fiber optic connector of claim 15 further comprising
first and second apertures respectively beneath the first and second exterior walls of the

15 housing for receiving the protrusion,

17. The reversible polarity fiber optic connector of claim 18, further comprising a

spring to urge the push~pull tab forward,

20 18. The reversible polarity fiber optic connector of claim 13, wherein the push-pull
tal protrusion is retained by a housing Iatch, the housing latch being urged forward

by a spring.

Docket No. P1I83USS1 (809300U801) 32

0133



in

10

15

SUBSITUTE SPECIFICATION

19. A reversible polarity fiber oplic connector comprising:

at least first and second optical ferrules;

a connector housing at least partially surrounding the first and second
optical ferrules and having a first exterior wall positioned above the first and
second optical ferrules and a second exterior wall positioned beneath the first and
second optical ferrules;

a first deformable region in the first exterior wall of the housing and a
second deformable region in the second exterior wall of the housing;

a removable push-pull tab including a protrusion for positioning within
though either of the first or second deformable regions in the first and second
exterior walls, respectively, of the connector housing;

wherein positioning the removable push-pull tab with its protrusion
through the first deformable region of the first exterior wall of the connector
housing yields a fiber optic connector with a first polarity and positioning the
removable push-pull tab with its profrusion through the second deformable region
of the second exterior wall of the housing vields a fiber optic connector with a

second polarity, the second polarity being opposiie to the frst polarity.

20. The combination of the reversible polarity fiber optic connector of claim 19
and & ool for deforming the deformable region of either the fivst exterior wall of

the housing or the second exterior wall of the housing.

21. The reversible polarity fiber optic connector of claim 19, further comprising a

spring to urge the push-pull tab forward.

Docket No. PLIB3USS] (S09300US01) 33
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22, The reversible polarity fiber optic connector of claim 19 further comprising
first and second apertures respectively beneath the first and second exterior walls

of the housing for receiving the protrusion from the deformable region.

23. A reversible polarity fiber optic connector comprising:
at least first and second optical ferrules;

a connector housing at least partially surreunding the first and second
optical ferrules and having a first exterior wall positioned above the first and
second optical ferrules and a second exterior wall positioned beneath the first and
second optical ferrules;

a removable push-pull tab;

a first push-pull tab retainer positioned on the first exterior wall and a
second push-pull tab retainer positioned on the second exterior wall;

wheretn positioning the removable push-pull tab in the retainer on the first
exterior wall of the connector housing yields a fiber optic connector with a first
polarity and positioning the removable push-pull {ab in the retainer on the second
exterior wall of the housing yields a fiber optic connector with g second polarity,

the second polarity being opposite to the first polarity.

24, The reversible polarity fiber optic connector of claim 23 wherein the first and

second push-pull tab retainers each include a projection.

Docket No. P1I83USOI (S09300UIS01) 34
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25. The reversible polarity fiber optic connector of claim 23 wherein each

projection is a clip for receiving a portion of the push-pull tab.

Docket No. F1183US01 (S0R30GUS0L) 3§
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Abstract:

Reversible polarity fiber optic connectors are provided having housings at least
partially surrounding first and second optical ferrules with walls above and beneath the
forrules,  Positioning removable elements such as latches, removable arms, or push-pull
tabe on the first wall above the ferrules vields fiber optic connectors with a first polarity
type, and positioning the removable elements on the second wall beneath the ferrules vields
fiber optic connectors with a second, opposite polarity type. Various engagement

mechanisms are provided on either the connector housing walls or on the removable

slements, or both, to assist in affixing the removable element to the connector housing.

Docket No. PHIBIUSS (8093GOUB01) 38
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{ross-Reference (o Belated Patent Apunlications:

{8081} The present application claims priorities to United States Provisional
Patent Applications No. 62/452,147 filed January 30, 2017, No. 62/457,150 filed February
9, 2017, No. 62/463,898 filed Febroary 27, 2017, No. 62/463,901 filed February 27, 2017,
No. 62/485,042 filed April 13, 2017, No. 62/546,920, filed August 17, 2017, and Ne.
62/581,961 filed November &, 2017; the disclosures of which are incorporated herein by
reference in their entireties,

Field of the Invention:

LHEERY The prevalence of the Internet has led to unprecedented growth in
communication networks. Consumer demand for service and increased competition has
caused network providers to continuously find ways to improve guality of service while
reducing cost,

{8084] Certain solutions have inchuded deployment of high-density interconnect
panels. High-density interconnect panels may be designed to consolidate the increasing
vohine of interconpections necessary to support the fast-growing networks into a
compacted form factor, thereby increasing guality of service and decreasing costs such as
floor space and support overhead., However, room for impf@vemem i the area of data
centers, specifically as it relates to fiber optic comnections, still exists. For example,

manufacturers of connectors are always looking o reduce the size of the devices, while
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connectors o access an individual connector release mechanism with his/her thumb and
forefinger. Oversiressing the cables and comnectors may produce latent defects,
compromise the integrity and/or relisbility of the terminations, and potentially cause
serious disruptions o network performance.

Accordingly, there is a need for smaller fiber optic connectors that will meet the needs of

fiture developments in smaller SFPe and are reconfigurable for flexible deployment.

Summary of the Invention:

AR RS SRR

{6007] In a first aspect, the present disclosure provides a reversible polarity fiber
optic connector including at least first and second optical ferrules and a connector housing
at least partially surrounding the first and second optical ferrules. The housing has a first
exterior wall positioned above the first and second optical ferrules and a second exterior
wall positioned beneath the first and second optical ferrules. A latch conpling is positioned
on each of the first and second exterior walls of the housing. A removable latch may
engage cither the first or second exterior wall latch coupling on the connector housing.
Positioning the removable latch on the first exterior wall vields a fiber optic connector with
a first polarity and positioning the removable laich on the second exterior wall yields a
fiber optic connector with a second, oppostie polarity.

{DOOR] in another aspect, the present disclosure provides a reversible polarity
fiber optic connector with exchangesble arms for changing comnector type. Thus, a
common connector body may be formed into different connector types. The connector
includes at least first and second optical ferrules and a common connector housing at least

partially surrounding the first and second optical ferrules. The housing has a first exterior
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housing at least partially swrrounding the first and second optical ferrules. A first exterior
wall is positioned above the first and second optical ferrules and a second exterior wall is
positioned beneath the first and second optical ferrules. A removable push-pull tab is
provided. A first push-pull tab retainer is positioned on the first exterior wall and a second
push-pull iab retainer is positioned on the second exterior wall. Positioning the removable
push-pull tab in the retainer on the first exterior wall of the connector housing vields a fiber
optic connector with a first polarity and positioning the removable push-pull tab in the
retainer on the second exterior wall of the housing vields a fiber optic connector with a

second, opposite polarity.

Brief DPescription of the Drawings:

{0011} FIG. 1A 1s a perspective view of one embodiment of a reversible polarity
fiber optic connector according to some aspects of the present disclosure;

8012} FIG. 1B is a side view of the reversible polarity fiber optic connector of
FIG. 3A with the removable latch being removed from the connector housing;

R FIG. 2 A 15 a perspective view depicts-the progess-of ehanging the-pelarity

of the reversible polarity fiber optic connector of FIG. 1A;

.........................................................................................................

10814} FICG, 28 is an exploded view of a sten in the vrocess of chanusing the

.....................................................................................................................................................................

SRS P13, 20 18 an exaloded view of & nexd step in the srocess of changing the

SRR Tt

solarity of the reversible volarity fiber outic connector of FIG. 2A:

-----------------------------------------------------------------------------

1A with its yolarity reveresed;
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FIG. 3A is a perspective view of an embodiment of a reversible

polarity fiber optic connector with a pull tab according to aspects of the present disclosure;

FIG. 3B is an exploded view of the reversible polarity fiber optic

connector of FIG. 34;

B FIG. 4A is a3 perspective view of —depietsthe-process-of-changing-the

.............................

polarity of the reversible polarity fiber optic connector of FIG. 34,

NLAN FIG. 4B 15 an exploded view of a step in the process of changing the

volanty of the reversible solarity fiber outic connecior of FIG, 44

Stk FiG, 4C. 1 s an exploded view of vositioning the latch in the vrocess of

changing the polarity of the reversible volarity fiber ontic connector of FIG. 4AL

NiL2eN FIGL 4C.2 is an enploded view of attaching the removed components of

FEG. 4B in the process of chanuing the vwolaritv of the reversible polarity fiber ontic

FIG. 5A is a perspective view of another embodiment of a reversible

polarity fiber optic connector with a pull tab according to aspects of the present disclosure;

FIG. 5B s an exploded view of the reversible polarity fiber optic

e FIG, 6A i a perspective view -depiefs-the-prosess

polarity of the fiber optic connector of FIG. 5A;

e FIG. 68 is an sxnloded view of a sien in the wrocess of chansing the

polarity of the reversible polanty fiber optic conneotor of FIG. SA;

Docket No. P1IS3UIRGT {(R09300USGH) &
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FIG. 7A is a perspective view of a common connector housing of a

reversible polarily fiber optic connector with exchangeable arms for changing connector

type in an embodiment according to aspects of the present disclosure;

FIG. 7C is the top view of the common connector housing of FIG.

18341 FIG. 8A, 1 shows how the common connector housing of FIG. 7A is used

to create a laich-type connector;

361 FIG. 8B.1 shows how the common connector housing of FIG. 7A is used

o creale a recess-type connector;:

changing-the polarity of the latchetype fiber optic connector of FIG. 8A.1;

100391
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REEE R FiG, 9C 1s an exploded view of a next step in the process of chansing the

uolarity of the reversible nolarity fiber outic conmestor of FIG. SA L

e3sb- 18041 PG, 88 48 a versoective view of the reversible volarity fiber ontic

sheniging-the polarity of the recess-type fiber optic connector of FIG. 8B.1;

W4 Fi:, 108 1s an exploded view of a steo in the yrocees of chansing the

solanty of the reversible polarity fiber ontic connecior of FIG, 88,1

RILEER

2343

.......................

PR 0045 FIG. 10D 15 a perspective view of the reversible polarity fiber outic

FIGS. 11A and 11B respectively depict exploded and perspective

views of a reversible polarity optical connecior according to a further embodiment of the
disclosure;

FIGS. 12A-12D depict the operation of the reversible polarity

optical connector of FIGS, 11A and 118;

FIGS. 13A-13D depict the process for changing the polarity of the

optical connector of FIGS. 11A and 11B;

FIGK, 14A and 14B respectively depict exploded and perspective

views of a reversible polarity optical connector acoording to a further embodiment of the

disclosure;

Docket No, PHRIUSST (389300U801) 3
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FIGS., 15-15D depict the operation of the reversible polarity optical

Fovansnsnnnnnnsnnns

connector of FIGS. 14A and 148;

section, and exploded views of a reversible polarity optical connector according to a further

embodiment of the disclosure;

FIGS, 19A-198 depict the removal of the push-pull tab from the

commector body using a tool;

FIGS. 20A-20D depict the process for changing the polarity of the

optical connector of FIGS. 17A-17C.

Detatled Descripntion:

methods described, as these may vary, The terminology used in the description is for the

purpose of describing the particular versions or embodiments only, and is not intended to
Hmit the scope.

As used in this document, the singular forms “a,” “an,” and “the”

include plural references unless the comtext clearly dictates otherwise. Unless defined
otherwise, all technical and scientific torms used herein have the same meanings s
commonly understood by one of ordinary skill in the art. Nothing in this disclosure is to

be construed as an admission that the embodiments described in this disclosure are not
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entitled to antedate such disclosure by virtue of prior invention.  As used in this document,
the term “comprising” means “including, but not limited to0.”

The following terms shall have, for the purposes of this application,

the respective meanings set forth below.

The connectors of the present disclosure may be configured for fiber

optic fransmission or electrical signal transmission. The connector may be any suitable
type now known or later developed, such as, for example, a ferrule connector (FO), a fiber
distributed data 1nterface (FDDI} connector, an LC connector, a mechanical transfer (MT)
connester, 8 square connector (SCY conmector, an 8C duplex connector, or a straight tip
{5T) conmector. The connector may generally be defined by a connector housing. In some
embodiments, the housing may incorporate any or all of the components described herein.

Various embodiments describod herein generally provide a remote

release mechanisin such that a user can remove ¢able assembly connectors that are closely
spaced together without damaging surrounding connectors, accidentally disconnecting
surrounding connectors, disrupting transmissions through surrounding connectors, and/or

the like. Various embodiments also provide narrow pitch LC duplex connectors and

narrow width multi-fiber connectors.

_In some embodiments, the fiber optic connector may be a2 narrow

pitch duplex LC connector including two LC connectors. In some embodiments, such as

Docket No. PLIR3USOT {809300US0H 10
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that shown, the two LC connectors may comprise a single combined unit. In alternative
embodiments, the LC connectors may be separste members, wherein an air gap exisis
hetween the two mombers, or wherein the two separate members are located adjacent and
flush to each other {i.e., no air gap exists). ln some embodiments, each of the LC connectors
includes a respective ferrule and a respective extending member or modular arm. The

connector may have a piich of 4.8 mum, defined as the axis-to-axis distance betwesn the

central axes of the LC connectors. In other embodiments, the connector pitch may be less

than that of the pitch of conventional connectors, for example less than 6.25 mm and less

than about 5.25 mm. In some embodiments, the pitch may be about 4.8 mum or less.

connector, needs to have the ferrules rotated or swapped, for example, for exchanging
transmit and receive optical fibers, i can be a time consuming and difficult process.
Generally, if a duplex connector needs o be rotaled, current systems reguire twisting the
individual LC connector tips 180 degrees. However, this process also twists the fbers that
enter the connector tip. Twisting the fiber gt any stage of the connection can cause wear
and/or damage to the delicate fibers. Thus, most systems fnvolve an alfernative solution,
wherein the duplex connector is partially or completely disassembled in order to aceess the
ferrules or fibers and manually relocate them within the duplex commector. However,
swapping ferrules side to side is a delicate operation. In order to prevent damage to the
mternal fibers, great care must be taken. Thus, this operation usually requires specialized
tools and preparation time fo perform safely and acourately,

Therefore, embodiments as described herein, allow for easy, quick,

and safe swapping of the left and right side ferrules in a connector. Thus, embodiments

Docket No. PTIB3USOT (809300USAH) i
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of FIG. 1A with the removable latch 130 being separated from the connector housing, As

16

shown, the connector housing 120 may have a first exterior wall 121a positioned above the

first and second optical ferrules and a second exterior wall 121b positioned beneath the

A latch coupling 122 is positioned on cach of the first

first and second optical ferrules.

and second exterior walls of the housing. The removable latch 130 may include a protrusion

131 for engaging the housing latch coupling 122. In particular, the latch coupling 122 may

15

include angled walls that interact with slanted edges of the protrusion 131 to prevent

accidental disassembly of the latch 130, Although the latch coupling 122 is depicted as a

ating a latch protrusion, these elements may be reversed

recess on the housing accommaod

with the latch including a recess and the housing including a protrusion. Other mechanical

coupling mechanisins may be used to interconnect the housing and the removable lateh.

280

For example, an embodiment may involve a coupling system wherein the removable latch

is inserted into a recess in the connector housing and twisted (e.g., 90°, 180°, etc.} to secure

the latch to the recess. Alternative coupling may use a more complex shape. For example,

Docket No, P1183US01 (S09300U801)
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having the opposite polarity of connector 100, In this menner, transmit and receive optical
fibers may be reversed without necessitating any fiber twist or complex repositioning of
the optical ferrules.

In typical embodiments, the latch of the comnector housing is

required {o be Hexible, Thus, when a latch and a connector housing {e.g., duplex commector)
are built as one unified member (as is currently done), the fber optic connector is built of
a similar flexible or less rigid material. Building the connector housing out of a plastic or
polymeric material, Hmits the amount of rigidity that it can have. Thus, as fiber optic
conpectors continue fo reduce in size, the strength of the housing has been reduced.
Therefore, it would be advantageous o build the connector housing out of a more robust
material while still allowing the latch fo remain flexible. In order to accomplish this, in

some embodiments according to aspects of the present disclosure, the connector housing
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340 is positioned surrounding the connector housing and engaging the removable latch tip,

resulting in the assembled optical connector 300R having polarity opposite to that of

FIG. 5A and 5B are a perspective view and exploded view,

respectively, of another embodiment of a reversible polarity fiber optic connector 30
The conmector 500 includes a connector housing 520, a laich 530, and a pull {ab 540, On
the first and second exterior walls of connector housing 520 are latch couplings that include
a groove 522, A recess 521 is also provided in the housing. The laich 530 includes 2
profrusion 531 that is received within groove 522, The laich firther includes a projection
532 that is received in the housing between the optical ferrnles.  The pull tab 540 includes
an opening 541 for engaging the removable latch 530, A front protrasion 542 is configured
to depress the removable latch 530 when the pull ab is pulled in a direction éway from the

ferrule side of the optical connector,

from the latch coupling on the fivst exterior wall of the connector housing, Then the

removable latch may be coupled with the latch coupling on the second exterior wall of the

conmector housing, beneath the optical ferrules in FIG. 8¢, and the pull tab 540 is engaged
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connector housing o create reverse polarity connector S00R_ FIG, oD,
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of a reversible polarity fiber optic connector 700 with exchangeable arms for changing

16

connector type in an embodiment according to aspects of the present disclosure. As shown,

the reversible polarity fiber optic connecior may comprise first and second optical ferrules

7102 and 710 and the common connector housing 720 at least partially swrrounding the

first and second optical ferrules.
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respectively, of the common connector housing 720. As shown, the common connector

housing may have a first exterior wall 7233 positioned above the first and second optical

ferrules and a second exterior wall 725b positioned beneath the first and second optical

ferrules, The connector housing 720 may further have a coupling surface 724 positioned

on each of the first and second exterior walls and include a receiving track 726 in the

20

coupling surface.
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a latch-type connector 700 and FIG. 8B, shows the common connector housing 720 used
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to create & recess-type connector 800, Both of connectors 700 and 800 include a removable
arm 730 or 8§30 for engaging either of the first and second exterior wall coupling surfaces

724 on the connector housing, FIGE, 8A 2 and 88.2 resnectively, The removable arms 730

....................

and 830 may cach respectively include a projection 735 or 835 for engaging in the receiving

track 726 of the couphing surface 724, FIGR, 8A.2 and 8B.2 resvectively. As with the

previous embodiments, positioning the removable arm on the first exterior wall of the
connector housing vields a fiber optic connector with a first polarity and positioning the
removable anm on the second exiertor surface of the housing vields a fiber optic connector

with the opposite polarity.

arms may include either a latch or a recess: removable arm 730 includes a laich 733 while
removable arm 830 includes a recess €34, Thus, a latch-type connector 700 is created

through assembly of the removable latch arm to the common connector body 720 as shown

The fiber optic connector may further include a pull tab. When &

removable arm with a latch 730 is positioned on the coupling surface of the common
connector housing 720 fo create a latch-type connector 700, the pull tab 740 is a separate

element fom the removable arm, FIG. 8A 7. When a removable arm includes a recess 830

Docket No. PIIS3US0L (S08300US0H) 17
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7O0R, FIG. 9D. The sub~assembly of the removable arm 730 and the pull tab 740 may be

decoupled from the coupling surface 724 of the first exterior wall of the comnector housing,
FIG, 98, Then the sub-assembly of the removable arm 730 and the pull tab 740 may be
coupled with the coupling surface of the second exterior wall of the connector housing,

FIGS. 10A-10C depicts the process for changing the polarity of the

recess-type fiber optic connector 800 from a first polarity, FIG, 10A to a second polarity,
be decoupled from the coupling surface 724 of the first exterior wall of the connector
housing, FIG, 108. Then the removable arm may be coupled with the coupling surface 724
of the second exterior wall of the common conmector housing 720, FIG, 10C o create

FIGS. 11A and 11B depict a further embodiment 1100 of the

reversible polarity optical connectors of the present disclosure. In FIG. 11 A, a push-pull
tab 1130 may interconmect with cither a first exterior wall 1110 of housing 1105 or with a
second exterior wall 1115 of housing 1105. Ferrules 1120 and 1125 ave at least partially
surrounded by housing 1105 and may be LC connectors in an embodiment. As in previous
embodiments, the push-pull tab may include & tab recess 1145, Alternatively, push-pull
tab 1130 may include a latch (not shown). Various features of the push-pull tab 1130 are
provided to assist in affixing the push-pull tab to the first exterior wall 1110 or the second

exterior wall 1115 of the housing 1105, This includes push-pull tab clips 1138 that clip

Docket No, P1183US01T (809300US01) 18
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onto the optical connector, optionally in a boot region, and protrusion 1140 that fits within
a first aperture, 1109A, beneath the housing exterior wall 1110 or a second aperture,
11098, beneath housing exterior wall 1115 (to be discussed in more detail below), and
projection 1131 for inserting into the housing between ferrules 1120 and 1125, Hach of
these features is fully reversible such that the push-pull tab is easily removed and

repositioned on the opposite exterior wall to change polarity of the cornmector.

may be inserted into first aperture 11094 of housing 1103 through a first exterior housing
aperture 1107A. Alternatively, in the reverse-polarity configuration, the push-pull tab
protrusion 1140 may be inserted into second housing aperture 11098 through second
exterior housing aperture 11078, When the push-pull tab 1130 is moved forward, the
protrusion slides within the aperture 11094 or 11098, as shown in FIG. 12B. To maintain
the push-pull tab in a forward-biased position, tab position spring 1150 is provided. During
msertion or removal of the protrusion 1140, iab position spring 1150 is compressed,
depicted in FIG. 12B, When the position spring 1150 is in its relaxed (uncompressed)
position, FIGS. 12C and 12D, the protrusion 1140 is slid forward within the aperture 11094

or 11098,

the push-pull tab 1130 is removed by withdrawing the protrusion 1140 from the housing

FI0S through exterior housing apertre 1107A along with delaching clips 1135 and
decoupling projection 1131, thus releasing the push-pull tab from the first exterior housing
wall 1110 (FIG. 13B}. The push-pull tab is moved toward second exterior housing wall

1115 and the protrusion 1140 is inserted nto aperture 11098 through exterior housing

Docket No. PHI3USHL (S00300US0D) 18
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aperture 11078 in FIG. 13C. Projection 1131 is fitted between ferrules 1120 and 1128 and
clips 113§ are affixed to the connector. The resultant connector 1100R of 13D is of

opposite polarity to the connector 1100 of FIG. 13A.

1100 may be used in the optical connectors of this disclosure. For example, the protrusion
may be provided by the connector housing with receiving elements provided in the push-
pull tab. Variations to the shape of the projection and apertures may be made without

affecting the function of the reversible-polarity connecior.

in which a hook-shaped protrusion 1440 is provided for engagement within the connector

housing. As in the previous embodiment, the push-pull tab 1430 includes a tab recess
1445, connector-attachment clips 1435 and projection 1431 for positioning between
terrules 1420 and 1425, In FIG, 148, the push-pull tab 1439 13 positioned on first exterior
housing wall 1410 and has a first polarity. In this position, the hook-shaped protrusion
1440 engages a housing projection 14680, held in a forward-biased position by push-pull
tab position spring 1465, as seen in FIGS. 15B and 15D, To release the protrusion 1440,
push-pull tab position spring 14635 is compressed in FIG. 15C such that housing projection
1460 is retracted sufficiently to allow removal of protrusion 1440 through the housing

1445, FIG. 15D,

To change polarity of the optical connector 1400 from the first

polarity of FIG, 164, the push-pull tab 1430 is removed by withdrawing the protrusion
1440 from the housing 1405 through the housing along with detaching clips 1435 and

decoupling projection 1431, thus releasing the push-pull tab from the first exterior housing

Docket No. P11BIUSGE (8093000861 20
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wall 1110 (FI1G. 16B). The push-pull tab is moved toward second exterior housing wall
1415 and the protrusion 1440 is inserted info the housing 1405, Projection 1431 is fitted
between ferrules 1420 and 1425 and clips 1438 are affixed to the connector in FIG. 16C.
The resultant connector 1400R of FIG, 16D is of opposiie polarity to the connector of FIG.
16A.

. Protrusions from a push-pull tab may be inserted into a housing via

features other than a housing apertore. Such a connector is depicted in FIG. 17 and features
a deformable housing region to allow entry of a push-pull tab profrosion during affixing of
the push-pull {ab o the connector housing, As seen in FIG. 17A, the connector 1700
includes a connector housing 1705 which may optionally include a back body housing
portion 1709 for connecting with a housing front portion 1707 (FIG. 17C). The back body
housing portion 1709 includes a deformable region 1780, seen in the partial cross-section
of FIG. 178 and the perspective view of FIG, 17C. The push-pull tab 1730 inclodes a
protrusion 1740 with a projection 1741 extending therefrom.

Turning to FIG. 18, to affix the push-pull tab to the connector

housing, the protrusion 1740 penetrates the deformable region 1780 (FIG. 188} causing
the deformable region to vield and aés:ept entry of the protrusion 1740 into the housing.
As the projection 1741 enters the housing as depicted in FIG. 18C, the deformable region
1780 returns to its original position (FIG. 18D), securing the push-pull tab 1730 {o the
connector housing.

Removal of the push-pull tab 1730 is depicted in FIGS. 19A and

198, A removal tool 1900, which may be shaped similar fo a small screwdriver, depresses
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deformable region 1780, allowing projection 1741 to slide along an edge of the deformable
region 1780, followed by the protrusion 1740, releasing the push-pull tab 1730,

To change polarity of the optical comnector 1700 from the first

polarity of FIG. 204, the push-pull tab 1730 is removed in FIG. 20B by using the removal
tool techmique depicted 1 FIGS. 19A and 19B. The push-pull tab is moved toward the
second exterior housing wall and the protrusion 1740 is inserted into the housing 1705
through the deformable region 1780 in FIG. 20C. The resultant connector 1700R of FIG.
20D 1s of opposite polarity to the connector of FIG. 20A.

In another aspect of the disclosure, a retaining member may be

movided in the connector housing to retain a push-pull tab. As seenin FIGS. 21A-21D, a
connector 2100 having a housing 2105 is provided with a housing front portion 2107 and
a back portion 2108, EBxtending from the housing back portion is a retainer 2111 which
may include a pair of retaining clips, as shown, or any other structure configured to retain
the push-pull tab 2130, A receiving surface 2132 is provided on the push-pull tah 2130 to
allow for sliding of the retainer 2111 along the push-pull tab during tab movement.
Optionally, when the retainer 2111 includes clips, the clips may be hook-shaped as seen in
the cross-sectional view of FIG. 21D, The receiving surface 2132 may be a recess with a

protrusion along the edge that engages the hook-shaped edge of the clips.

nd
\
LN

To change the polarity of connector 2108 from the polarity depicted

rtpn

in FIG. 22A to the second, opposite polarity of FIG. 22E, the retainer 2111 is removed
from receiving surface 2132, Push-pull tab clips separate from the connector as the refainer
is removed. The push-pull tab 2130 is moved to the opposite housing exterior wall in FIG,

22C, while in 2213 the receiving surface 2132 engages with the retainer 2111, In FIG. 21E
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the assembled connector 2100R having the opposite polarity to the connector of FIG. 224
is depicied, fully gssembled.

SENAYOY 4 of
TR S S
TR 1\

[

accompanying drawings, which form a part hereof. In the drawings, similar symbols
typieally identify similar components, vnless context dictates otherwise, The illustrative
embodiments described in the detailed description, drawings, and claims are not meant fo
be imiting. Other embodiments may be used, and other changes may be made, without
departing from the spirit or scope of the subject matier presented herein. B will be readily
understood that the aspects of the present disclosure, as generally described herein, and
illustrated in the Figures, can be arranged, substituted, combined, separated, and designed
i a wide variety of different configorations, all of which are explicitly contemplated
herein,

The present disclosure is not to be limited in terms of the particular

embodiments described in this application, which are intended as Hlustrations of various
aspects. Many modifications and variations can be made without departing from its spirit
and scope, as will be apparent to those skilled in the art. Functionally equivalent methods
and apparatuses within the scope of the disclosure, in addition to those enumerated herein,
will be apparent to those skilled in the art from the foregoing descriptions.  Such
modifications and variations are intended to fall within the scope of the appended claims.
The present disclosure is to be limited only by the terms of the appended claims, along with
the full scope of equivalents to which such claims are entitled. 1t is to be understood that
the terminology used herein is for the purpose of describing particular embodiments only,

and 1s not intended to be limiting.

Docket No, PTIR3USOT (809300U801) 23
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terms herein, those having skill in the art can translate from the plural to the singular and/or

from the singular o the plural as is appropriate to the context and/or application. The
various singular/plural permutations may be expressly set forth herein for sake of clarity.

It will be uonderstood by those within the art that, in general, terms

used herein, and especially in the appended claims (for example, bodies of the appended
claims) are generally intended as “open” terms (for example, the term “including” should
be interpreted as “including but not Hmited to,” the term “having” should be interpreted as
“having af least,” the term “includes™ should be interpreted as “includes but is not limited
t0,” ef cetera). While various compositions, methods, and devices are described in terms
of “comprising” various components or steps {interpreted as meaning “including, but not
limited t0”), the compositions, methods, and devices can alse “consist essentially of” or
“consist of” the varicus components and steps, and such terminology should be interpreted
as defining essentially closed-member groups. It will be further understood by those within
the art that if a specific number of an introduced claim recitation is intended, such an intent
will be explicitly recited in the claim, and in the absence of such recitation no such intent
iz present. For example, as an aid to understanding, the following appended claims may
contain usage of the introductory phrases "at least one” and "one or more” to introduce
claim recifations. However, the use of such phrases should not be constried to imply that
the introduction of a claim recitation by the indefinite articles "a" or "an" Hmits any
particular claim containing such introduced claim recitation fo embodiments containing
only one such recitation, even when the same claimy includes the introductory phrases "one

or more” or "at least one” and indefintie articles such as "a" or "an” (for example, “a” and/or

Dacket No. PHIS3USO] (S09300US01) 24
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also thereby described in terms of any individual member or subgroup of members of the

Markush group.

As will be understood by one skalled in the art, for any and all

purposes, such as in terms of providing 8 written description, all ranges disclosed herein
also encompass any and all possible subranges and combinations of subranges thereof
Any listed range can be easily recognized as sufficiently describing and enabling the same
range being broken down into at least equal halves, thirds, quarters, fifths, tenths, et cetera
As a non-limiting exarople, each range discussed herein can be readily broken down into g
lower third, nuddle third and upper third, et cetera As will also be understood by one
skilled in the art all language such as “up t0,” “at least,” and the like include the number
recited and refer to ranges which can be subsequently broken down into subranges as
discussed above. Finally, as will be understood by one skilled in the art, a range includes
gach individual member. Thus, for example, a group having 1-3 cells refers to groups
having 1, 2, or 3 cells. Similarly, a gronp having 1-5 cells refers to groups having 1, 2, 3,

4, or § cells, and so forth.

alternatives thereof, may be combined into many other different systems or applications.

Various presently unforeseen or unanticipated alternatives, modifications, variations or
improvements therein may be subsequenily made by those skilled in the art, each of which

is also intended to be encompassed by the disclosed embodiments.
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1. A reversible polarity fiber optic connector comprising:
at least first and second optical ferrules;

2 connector housing at least partially surrounding the first and second

W

optical ferndes and having a frst exterior wall positioned above the first and
second optical ferrules and a second exterior wall positioned beneath the first and
second optical ferrules;
a latch coupling positioned on sach of the first and second exterior walls
10 of the housing;
a rernovable latch for engaging sither of the first and second exterior wall
fatch couplings on the connector housing;
wherein positioning the removable latch on the Srst exierior wall of the
connector housing vields g fiber optic connector with a first polarity and
15 positioning the removable latch on the second exterior wall of the housing vields
a fiber optic connector with a second polarity, the second polarity being opposite

to the first polarity.

2. The reversible polarity fiber optic connector of claim 1, wherein
20 sach of the latch couplings on the first and second exterior walls of the
conmector housing includes at least a recess with angled walls; and
the latch includes at least a protrusion with slanted edges for coupling with

the angled walls of the recess on the first exterior wall when the fiber optic

2
~d

Docket No. P1IB3USOT (R09300US01)
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connector 18 configured in the first polarity or the angled walls of the recess on the

second exterior wall when the fiber optic connector is configured in the second

polarity.

be depressed.

14

4. The reversible polarity fiber optic connector of claim 3, wherein the pull tab

cornprises at least a first opening and a seconding opening for engaging the
removable laich;
wherein the frst opening is configured to allow the connector housing and
135 the removable latch {o pass through; and
the second opening is configured to allow the removable latch to partially

pass through,

5. The reversible polarity fiber optic connector of claim 3, wherein the pull tab

further comprises a frst deformable portion and a second deformable portion;

Docket No. P1T183US01 {(S093G0USO1) 28

0165



18

Borrd
L]

20

wherein the first deformable portion is configured to cooperate with the
second deformable portion to depress the removable laich when the pull tab is

pulled in a direction away from the first and second ferrules.

&. The reversible polarity fiber optic connector of claim 1, wherein
each of the latch couplings on the first and second exterior walls of the
connector housing includes a groove; and
at least a projection for coupling with the groove on the first exterior
wall when the fiber optic connector is configured in the first polarity or the
groove on the sccond exterior wall when the fiber optic connector is configured

in the second polarity.

7. The reversible polarity fiber optic connector of claim 6, further comprising a
pull tab for engaging the removable latch; wherein pulling the pull tabin a
divection away from the reversible polarity fiber optic connector depresses the

removable latch.

8. The reversible polarity fiber optic connector of claim 7, wherein the pull tab
comprises:
an opening for engaging the removable lateh; and
a front protrusion configured to depress the removable latch when the pull

tab is pulled in a direction away from the first and second ferrules.

Docket No. PIIS3USGH (SGL300UR01) 29
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9. A reversible polarity fiber optic connector with exchangeable arms for

changing connecior type comprising:
at least first and second optical ferrules;
a common connector housing at least partially surrounding the first and
second optical ferrules and having a first exterior wall positioned above the first
and second optical ferrules and a second exterior wall positioned beneath the first

and second optical ferrules;

(751

a coupling surface positioned on each of the first and second exterior walls

of the common connector housing;

3 o oL i 1 3 Y
AEAITIRRIITEY Oy Tasoag TV OTEIE OOTYITTIANEY SOaTI TN AOTON FMANTIQINTEY TR Poarhiavira it e oy
COUDIHNE SWITECSs Of 10 CONWHM COnnaCior DOUWSING, i ramovadis anm

wherein positioning the removable arm on the first exterior wall of the
connector housing yields a fiber optic connector with a first polarity and
positioning the removable arm on the second exterior surface of the housing
vields a fiber optic connector with a second polarity, the second polarity being

opposite to the first polarity.

10. The reversible polarity fiber optic connector of claim 9 wherein positioning a
removable arm with a latch on the coupling surface creates a latch-type

connector and positioning a removable arm with a recess creates 3 tecess-type

connector,

[
on
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11, The reversible polarity fiber optic connector of claim 9 wherein the housing
includes a receiving track in the coupling surface and the removable arm
includes a projection for engaging in the receiving track in the coupling

surface,

12, The reversible polarity {iber optic conneoctor of claim 9 further comprising g

pull tab,

13. The reversible polarity fiber optic connector of claim 12 wherein the
removable arm includes g latch and the pull tab is a separate element from the

removable arm.

14. The reversible fiber optic connector of claim 12 wherein removable arm

includes a recess and the pull tab s integrated with the removable arm.

15. A reversible polarity fiber optic connector comprising;
at least first and second optical ferrules;
a connector housing at least partially surrounding the Srst and second
optical ferrules and having a first exterior wall positioned above the first and
second optical ferrules and a second exterior wall positioned beneath the first and

second optical ferrules;

Docket Ne. PLHIS3USOL (S09300US01) 31
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a first aperture in the first exterior wall of the housing and a second

aperture in the second exterior wall of the housing;

a removable push-pull tab including a protrusion for positioning through

cither of the first or second apertures in the first and second exterior walls,

respectively, of the connector housing;

16. The reversible polarity fiber optic connector of claim 15 further comprising

to the first polarity.
first and second apertures respectively beneath the first and second exterior walls of the

7

]

housing for receiving the protrusion.

15

“he reversible polarity fiber optic connector of claim 15, farther comprising a

17.1

spring to urge the push-pull tab forward.

18. The reversible polarity fiber optic connector of claim 15, wherein the push-pull

20

tab protrusion is retained by a housing latch, the housing latch being urged forward

by a spring.

Docket No. P1IE3USS] (S093G0US0L)
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19. A reversible polatity fiber optic connector comprising:

at least first and second optical ferrules;

a connector housing at least partially surrounding the first and second
optical ferrules and having a first exterior wall positioned above the first and
second optical ferrules and a second exterior wall positioned beneath the first and
second optical ferrules;

a first deformable region in the first exterior wall of the housing and a
second deformable region in the second exterior wall of the housing;

a removable push-pull tab including a protrasion for positioning within
though either of the first or second deformable regions in the first and second
exterior walls, respectively, of the connector housing;

wherein positioning the removable push-pull tab with its protrusion
through the first deformable region of the first exterior wall of the connector
housing yields a fiber optic connector with a first polarity and positioning the
removable push-puoll tab with its protrusion through the second deformable region
of the second exterior wall of the housing vields a fiber optic connector with a

second polarity, the second polarity being opposite to the first polarity,

20. The combination of the roversible polarity fiber optic connector of claim 19
and a tool for deforming the deformable region of either the first exterior wall of

the housing or the second exterior wall of the housing,

21. The reversible polarity fiber optic connector of claim 19, further comprising a

spring to wrge the push-puldl tab forward.

Docket No. P1183USOT (S09300U801) 33
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22. The reversible polarity fiber optic connector of claim 19 further comprising
first and second apertures respectively beneath the first and second exterior walls

of the housing for receiving the protrusion from the deformable region.

23. A reversible polarity fiber optic connector comprising:

at least first and second optical ferrules;

a connector housing at least partially sorrounding the first and second
optical ferrules and having a first exterior wall positioned above the first and
second optical ferrules and a second exterior wall positioned beneath the first and
second optical ferrules;

a removable push-pull tab;

a first push-pull tab retainer positioned on the first exterior wall and a
second push-pull tab retainer positioned on the second exterior wall;

wherein positioning the removable push-pull tab in the retainer on the first
exterior wall of the connector housing vields a fiber optic connector with a first
polarity and positioning the removable push-pull tab in the retainer on the second
exterior wall of the housing yields a fiber optic connector with a second polarity,

the second polarity being opposite to the first polarity.

24. The reversible polarity fiber optic connector of claim 23 wherein the first and

second push-pull tab retainers sach include a projection.

Diocket No. PSSO (809300USOD 34
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25, The reversible polarity fiber optic connector of clairn 23 wherein each

projection is a clip for receiving a portion of the push-pull tab,

Docket No. P1HIS3USCE (SO9300US0D) 35
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Abstracts

RN RN AN AR

Reversible polarity fiber optic connectors are provided having housings at least
partially surrounding first and second optical ferrules with walls above and beneath the
ferrules.  Positioning removable elements such as latches, removable arms, or push-pull
tabs on the first wall above the ferrules vields fiber optic connectors with a first polarity
type, and positioning the removable clements on the second wall beneath the ferrules vields
fiber optic connectors with a second, opposite polarity type. Various engagement
mechanisms are provided on either the comnector housing walls or on the removable

clements, or both, o assist in affixing the removable element (o the connector housing.
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and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSJIND CLAIMS
15/884,327 01/30/2018 2883 1575 P1183US01 (S09300US01) 25 5
CONFIRMATION NO. 7275
152878 UPDATED FILING RECEIPT
Senko Advanced Components, Inc.
450 Donald Lynch Bivdl A0 U ALSP O A
Unit D

Marlborough, MA 01752
Date Mailed: 03/28/2018

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Kimman WONG, Hong Kong, HONG KONG;
Jeffrey GNIADEK, Northbridge, MA;
Kazuyoshi TAKANO, Southborough, MA;
Siu Kei MA, Hong Kong, HONG KONG;
Applicant(s)
SENKO Advanced Components, Inc., Marlborough, MA;

Power of Attorney: None

Domestic Priority data as claimed by applicant
This appln claims benefit of 62/452,147 01/30/2017
and claims benefit of 62/457,150 02/09/2017
and claims benefit of 62/463,898 02/27/2017
and claims benefit of 62/463,901 02/27/2017
and claims benefit of 62/485,042 04/13/2017
and claims benefit of 62/546,920 08/17/2017
and claims benefit of 62/581,961 11/06/2017

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes
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Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 03/12/2018

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 15/884,327

Projected Publication Date: 08/02/2018

Non-Publication Request: No

Early Publication Request: No

** SMALL ENTITY **

Title

OPTICAL CONNECTORS WITH REVERSIBLE POLARITY
Preliminary Class
385
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish

to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
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this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
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technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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Application or Docket Number

Substitute for Form PTO-875 15/884,327
APPLICATION AS FILED - PART | OTHER THAN
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FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
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(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
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ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR =
% Independent * Minus | *** = _ OR _
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 GFR 1.16()))
TOTAL OR TOTAL
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carrier part (3) for raceiving an optical connecting

unit {5) is arranged. A retaining part {10) is

arranged at an end of the carrier part for faterally

holding and positioning the cannecting unit and is 19 j

formed in a length adjustable manner. The
retaining part has a U-profile like shape and has
side surfaces that partially overiap honzontally
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Prifungsantrag gemaf § 44 PaiG ist gestellt
(54) Bezeichnung: Optischer Stecker

(57) Zusammenfassung: Die Erfindung betrifft einen opti-
schen Stacker, im Wesendtichen bestehend aus einem Ge-
hause. in dem ein Tragerteil zur Aufnahme von mindestens
einem optischen Steckelement und Mittel zur Kabel- und
Faserbefestigung und -zugentlastung angeordnet sind und
der Funktionselemente zum Herstellen cder Lisen einer
optischen Verbindung aufweist,

Die erfindungsgemaiie Aufgabe, die darin besteht, einen
optischen Stecker so weiterzubilden, dass er zum Bastii-
cken mit optischen, genonmien Steckelernenten geeignet
ist, die in bekannte Steckergehiuse zur Herstetlung elekiri-
scher Verbindungen einsetzbar sind und deren Montage
einfach und positionsgenau erfolgen kann, wird dadurch
geldst, dass zur seitlichen Halterung und Faositionierung
des mindestens einen Steckelementes (5) im Tragerteii {3)
am steckseitigen Ende des Tragerteils (3) ein rast- und
langsverschiebbar ausgebildetes Haltetsil {10} angeordnet
ist.
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Beschreibung

[0001] Die Erfindung betrifft einen optischen Ste-
cker, im Wesentlichen bestehend aus einem Geh&u-
se in dem ein Tragerteil zur Aufnahme von mindes-
tens einem optischen Steckelement und Mittel zur
Kabel- und Faserbefestigung und -zugentlastung an-
geordnet sind und der Funktionselemente zum Her-
stellen oder Lisen einer optischen Verbindung auf-
weist.

[0002] Lichtwelienieiter-Steckverbinder oder opti-
sche Steckverbinder sind in unterschiedlichsten kon-
struktiven Ausfilhrungen bereits bekannt. Die einzel-
nen Stecksysteme, bestehend aus Stecker- und
Buchsenteil in unterschiedlichen ninden oder ecki-
gen Bauformen sind jedoch meist nicht kompatibel
mit anderen Stecksystemen. Das heildt, Stecker-
oder Buchsenteile kdnnen nicht beliebig miteinander
kombiniert werden. Ebenso ist es bisher nur in gerin-
gem Male maoglich, fiir elektrische Steckverbinder
genormte Gehauseteile auch fiir optische Stecksys-
teme einzusetzen.

{0003] Aus der Druckschrift DE 10 2004 042 142 A1
ist ein Lichtwelienieiter-Steckverbinder bekannt, des-
sen zu iosende Aufgabe unter anderem darin be-
stand, einen optischen Steckverbinder méglichst kiei-
ner Bauform zu entwickeln. Die Steckeraufnahme
des Steckerteils ist nach dem Ausflihrungsbeispiel
zur Lésung derart ausgebildet, dass wenigstens zwei
Steckelemente genormter SC-Stecker eingesetzt
werden konnen. Die Steckeraufnahme kann aber
ebenso der Aufnahme elekinscher Steckkontakte
oder in Kombination beider dienen.

[0004] Nachteilig ist, dass aulter dem Einsatz ge-
normter optischer und elektnscher Steckelemente
die Gehause oder Verbindungsteile mit anderen Gbli-
chen optischen oder elektrischen Verbindungssyste-
men nicht kempatibe! sind. Lediglich bei den Stecke-
iementen kannen bereits bekannte und Gbliche Teile
Kostenglinstig eingesetzt werden. AuBerdem gestal-
tet sich die Montage des Steckers schwierig, da die
Steckelemente in der Steckeraufnahme seitlich ver-
rutschen kdnnen, weil sie in threr Position nicht aus-
reichend fixiert werden kKdnnen, da die Steckelemen-
te zum Anschluss der optischen Fasern zugangfich
sein mussen.

[0005] Es ist deshalb Aufgabe der Erfindung, einen
optischen Stecker der eingangs genannten Art so
weiterzubiiden, dass er zum Bestiicken mit opti-
schen, genormten Steckelementen geeignet ist, die
in bekannte Steckergehause zur Hersteilung elektri-
scher Verbindungen einsetzbar sind und deren Mon-
tage einfach und positionsgenau erfolgen kann.

[e006] Die erfindungsgemdidfle Aufgabe wird da-
durch geldst, dass zur seitlichen Halterung und Posi-

2007.10.25

tionjierung des mindestens einen optischen Steckete-
mentes im Tragerteit am steckseitigen Ende des Tra-
gerteils ein rast- und langsverschiebbar ausgebiide-
tes Hafteteil angeordnet ist.

[0007] Mit dem erfindungsgemdifien Halteteit wird
eine einfache Montage des oder der Steckelemente
dadurch erreicht, dass die Steckelemente im Triger-
teil sowoh! in Lingsachsrichtung als auch quer dazo
positioniert und in ihrer Position gehalten werden
kdnnen.

[0008] Die Steckelemente kdnnen als (ibliche
LC-Kontakte ausgebildet sein, die in ein Tragerele-
ment eingesetzt werden, wie es beispielsweise aus
der DE 10 2004 042 142 A1 bereits bekannt ist.

[0009] Nach einer vorzugsweizen Ausbildung des
erfindungsgeméRen Halteteils ist die Auflere Form
des Halteteils der des Tragerteils angepasst und das
Halteteil weist eine U-profilartige Form auf, wobei
dessen Seitenflachen teilweise horizontal und verti-
kal seitliche Offnungen im Tragerteil (iberdecken.

[0010] Dadurch, dass das Halteteil nur unwesent-
lich den Umfang des Trigerteils Gberragt, sind beide
Teile unabhangig von der Form der Gehauseteile des
Steckers einsetzbar. Sie kénnen auch mit bekannten,
genormien Buchsenteilen verschiedener Hersteller
verbunden werden, da die Steckelemente ebenfalls
genormte Teile sind.

{0011] Eine vorteithafte Aushildung des erfindungs-
gemadalien optischen Steckers sieht vor, dass am Tra-
gerteil ein Kabelzugentlastungselement angeformt
ist, welches {iber seine Lange nutférmige Aussparun-
gen zum Durchfihren der optischen Fasem zum
Steckelement aufweist,

[0012] Damit kdbnnen die Fasern auf einfache Art mit
den Steckelementen konfektioniert werden. Die Ka-
belzugentiastung und Befestigung des optischen Ka-
bels erfoigt durch eine Crimpverbindung zwischen
den Zugentlastungselementen des Kabels (z.B. Kev-
lar) und dem Kabelzugentiastungselement des Tra-
gerteils. Die sekundar geschitzten Adern des Kabels
werden in den nutférmiger Aussparungen gefiihrt
und so vor Beschadigungen geschiitzt.

[0013] Nach einer weiteren vorteithaften und vor-
zugsweisen Ausbildung der erfindungsgemalen Lo-
sung sind im Tragerkdrper und/oder am Malteteil
Fibhrungs- und Rastelemente ausgebildet, derart,
dass das Halteteil zum Verrasten mit dem Tragenrteil
horizontal in Richtung der Langsachse des Trager-
teils verschoben werden kann.

[0014] Dabei ist imn Halteteil wenigstens ein Vor-
sprung ausgebildet, der Gbliche, an optischen Steck-
elementen vorhandene federnde Rasthebe!, die dem
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Verrasten im Buchsenteil dienen, im Tragerteil gegen
das Steckelement driickt und somit die Rastfunktion
auller Kraft setzt.

[0015] Aufgrund der konstruktiven Ausbiidung des
optischen Steckers ist das Einrasten der Rasthebel
im Buchsenteil nicht vorgesehen und wirde dazu
flthren, dass ein Lésen der Verbindung nicht mehr
moglich ist. Da es jedoch Aufgabenstellung war,
miglichst viele genormte Steckerteile einzusetzen,
um kostengilnstige und montagefreundiiche optische
Stecker in variabien Ausfiilhnungen anbieten zu kén-
nen, war es erfindungsgemat notwendig, Méglich-
keiten zu schaffen, um trotz der kanstruktiven Gege-
benheiten die Steckelemente in der Form einzuset-
zen, wie sie (blicherweise hargesteltt werden.

{0016] Das horizontale Verschieben des Halteteiis
auf dem Tragerteil erméglicht das sichere Verriegeln
der Rasthebel der Steckelemente.

[0017] Die Erfindung soll nachfolgend antand eines
Ausfuhrungsbeispieles naher erldutert werden. Die
zugehdrige Zeichnung zeigt dabei in

[0018] Eiq, 1 den erfindungsgemafien Stecker mit
rechteckiger, elektrischer Gehauseform,

[0019] Fig.2 den erfindungsgeméBen optischen
Stecker in runder Gehauseausfiihrung,

[0020] FEig. 3 den Stecker in Expiosivdarstellung
ohne Gehauseteile,

[0021] FEig. 4 die Steckerteile nach Fig, 3 im mon-
tierten Zustand,

[0022] FEig, § eine Seitenansicht nach Fig, 4 und
[0023] Eiq. & eine Schnittdarsteliung nach Fig, 5.

[0024] Nach den Fig, 1 und Fig, 2 bestent der opti-
sche Stecker aus runden oder rechteckigen Gehau-
se- und Kabelanschiussteilen 1, 2, wie sie als ge-
normte Teile bei elekirischen Steckverbindern be-
kannt sind. Eig, 3 veranschaulicht die wesentlichen
Teile des inneren Aufbaus eines optischen Steckers,
die zumindest teilweise auch in den Ejg. 1 und Fig, 2
erkennbar sind. Im Inneren des Gehiuses ist das
Tragerteil 3 angeordnet, das zwei Aufnahmen 4 far
optische Steckelemente 5 und das Kabelzugentlias-
tungselement 6 aufweist. Mittels Crimphiilse 7 wird
das Lichtwellenleiterkabel mit den optischen Fasern
(in der Zeichnung nicht dargestedit) am optischen Ste-
cker angeschiossen, wobei die Fasern durch nutfér-
mige Aussparungen 8 im Kabelzugentlastungsele-
ment 6 in die Aufnahmen 4 des Steckelementes 5 ge-
tihrt und dort mit den Steckelementen 5 verbunden
werden. Um die Steckelemente 5 in den Aufnahmen
4 in Richtung der Laéngsachse zu haltern, sind Raste-
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lemente an den Steckelementen 5 und im Tragerteil
3 vorgesehen. Die Aufnahmen 4 sind zur Verlegung
der optischen Faser seitlich offen.

[0025] Die Steckelemente 5 sind im Ausfihrungs-
beispiel als bekannte LC-Steckkontakte ausgebildet,
s0 dass deren Aufbau nicht ndher erautert werden
muss. Wesentlich ist, dass die Steckelemente stan-
dardmabig einen Rasthebel 9 aufweisen, der jedoch
bel dem erfindungsgemaRen optischen Stecker funk-
tionslos bleiben muss. Ublicherweise dient er dazu,
im Buchsenteil (in der Zeichnung nicht dargestelit)
zur Vertindungshersteliung zu verrasten. Aufgrund
des konstruktiven Aufbaus des optischen Steckers ist
es nicht maoglich, den Rasthebel 9 beim Lésen der
Verbindung zu entriegeln. Erfindungsgeman ist da-
her ein Haiteteil 10 vorgesehen, dass in seiner aue-
ren Form der des Tragerteils 3 angepasst und mit die-
sem langsverschiebbar verrastet ist. Dafiir sind Ras-
telemente an beiden Teilen vorgesehen. Die nutfér-
migen Aussparungen 12 im Halteteil 10 gestatten ein
horizontales Verschieben des Halteteils 10 nach Be-
festigung auf dem Tragerteil 3 (ber eine vorgegebe-
ne Lange. Damit wird erreicht, dass beim steckele-
mentseitigen Befestigen des Halteteils 10 auf dem
Tragerteil 3 die Rasthebel 9 gegen die Steckelemen-
te 5 gedrickt und somit deaktiviert werden. Die Fig, 4
bis Fig, 6 zeigen den optischen Stecker ohne Gehau-
se und ohne optisches Kabel im montierten Zustand.

[0028] Das Halteteil 10 dient des Weiteren der Hal-
terung und Positionierung der Steckelemente 5. Es
weist eine im Wesentlichen U-profitartige Form auf,
dessen Seitenflachen 13 teilweise die Offnungen der
Aufnahmen 4 in horizontaler und vertikaler Richtung
abdecken. Damit wird ein seitliches Verrutschen der
Steckelemente 5 wahrend der Montage des Steckers
verhindert, die Steckelemente 5 werden in ihrer Posi-
tion nach dem Einlegen in die Offnungen des Trager-
teil 3, dem steckelementseitigem Aufsetzen des Hal-
teteils 10, Verrasten mit diesem und Verschieben in
Richtung Tragerteif 3, arretiert und in ihrer Endlage
gesichert. Samit wird die Montage wesentlich erteich-
tert und zeitsparender gestaltet.

[0027] Nach Anschiuss der optischen Fasern wird
das Tragerteit 3 im Gehduse 1 oder 2 befestigt, das
je nach Ausfithrung entweder eine runde oder eine
eckige Form aufweist.

Bezugszeichenliste

Gehause in eckiger Form
Gehause in runder Form
Tragerteil

Aufnahme

Steckelement
Kabelzugentlastungselement
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7 Crimphiilse

B nutfarmige Aussparung
9 Rasthebel
10 Halteteil

11 Rastelemente
12 nutfGrmige Aussparung
13 Seitenflachen

Patentanspriiche

1. Optischer Stecker, im Wesentlichen bestehend
aus einem Gehause in dem ein Tragerteil zur Aufnah-
me von mindestens einem optischen Steckelement
und Mittel zur Kabel- und Faserbefestigung und -zu-
gentiastung angeordnet sind und der Funktionsele-
mente zum Herstellen oder Lisen einer optischen
Verbindung aufweist, dadurch gekennzeichnet,
dass zur seitlichen Halterung und Positionierung des
mindestens einen Steckelementes (5) im Trigerteil
(3) am steckseitigen Ende des Tragerteils (3) ein rast-
und langsverschiebbar ausgebildetes Halteteil (10)
angeordnet ist. .

2. Optischer Stecker nach Anspruch 1, dadurch
gekennzeichnet, dass die duilere Form des Halteteils
{(10) der des Tragerteils (3} angepasst ist und das
Haiteteil (10} eine U-profilartige Form aufweist, wobet
dessen Seitenflachen (13) teilweise horizontal und
vertikal seitiche Offnungen im Tragerteil (3) (berde-
cken.

3. Optischer Stecker nach Anspruch 1 und 2, da-
durch gekennzeichnet, dass am Tragerteil ein Kabel-
zugentiastungselement (6) angeformt ist, welches
Uber seine Lange nutférmige Aussparungen (8) zum
Durchfiihren der optischen Fasern zum Steckele-
ment {5} aufweist.

4. Oplischer Stecker nach Anspruch 1 und we-
nigstens einem der Anspriiche 2 und 3, dadurch ge-
kennzeichnet, dass im Tragerkdrper (3) und am Hal-
teteil (10) Fuhrungs- und Rastetemente (11, 12) aus-
gebildet sind, derart, dass das Halteteil {10) zum Ver-
rasten mit dem Tragerteil {3) horizontal in Richtung
der Langsachse des Tragerteils (3) verschoben wer-
den kann.

5. Optischer Stecker nach Anspruch 1 und we-
nigstens einem der Anspriiche 2 bis 4, dadurch ge-
kennzeichnet, dass im Halteteil (10) wenigstens ein
Varsprung ausgebildet ist, der Gbliche, an optischen
Steckelementen (5) vorhandene federnd ausgebilde-
te Rasthebel (9) im Tragerteit (3) gegen das Stecke-
lement (5) driickt.

Es folgen 3 Biatt Zeichnungen
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Anhidngende Zeichnungen
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Die folgenden Angaben sind den vom Anmaelider eingereichten Unterlagen entnommen
{54) Bezeichnung: Adapter zur Aufnahme eines Steckerteiles

{57) Hauptanspruch: Adapter zur Aufnahme eines Stecker- 1 2
leils (2), der folgendes aufyvaist;

a. ein Aufnahmegehause (3) zur vorzugsweise rastenden
Aufnahme des aufzunehmenden Steckenteils {2), das an
seinen beiden Enden hillsenartig ofien ausgestaltet ist,

b. wobei eines der offenen Enden im montierten Zustand
vom Sleckgesicht (5) des Steckerteils {2) durchselzt ist und
das andere offene Ende als Durchfihrung fiir ein an das
Steckerteil angeschlossenes Kabel ausgebildet ist,
dadurch gekennzeichnet, dass

c. das Aufnahmegehiuse (3) einen vorderen Aufnahmeab-
schnitt (6) fir das Steckerteil (2) aufweist und einen sich
daran direkt einstiickig anschlieRenden zylindrischen Ab-
schnitt (7) mit einem sich Gber einen Teil der axialen L.ange
erstreckenden AuRengewinde (8) zum Aufschrauben einer
Mutter (9) fur die KabeldurchiGhrung,

d. die Mutter {9} ein sich Ober ginen Teil ihrer axialen Lange
erstreckendes Innengewinde (26} und sinen sich (ber das
Gewindeende axial heraus erstreckenden Midsenabschnit
{12) aufweist, der einen etwas groBeren Innendurchmesser
aufweist als der...
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Beschreibung

[0001] Die Erfindung betrifit einen Adapter zur Auf-
nahme eines Steckerteiles nach dem Oberbegriff des
Anspruchs 1.

[0002]) Adapter der gattungsgemaBen Art ermdgh-
chen den Einsatz der in sie eingesetzten Steckerteile
auch in rauerer Umgebung — beispielsweise in Pro-
duktionsanlagen oder Fahrzeugen - durch Erreichen
einer im Vergleich zur Schutzklasse des Steckerteils
hoéheren Schutzklasse wie z.B. 1IPS5 oder IPGY.

[0003] Eine gattungsgemafe Anordnung fir einen
Telefonstecker ist aus der US 4,349,236 (Bell Tele-
phone Laboratories) bekannt.

[0004] Weiterentwickelt bzw. verankert wurde die
Idee des Emeichens hoher Anforderungen aus Um-
gebungsklassifikationen in der IEC 61067-3-106 Va-
riante 4, in der EN 50173-1:2005, in der ISO/IEC
24702 und in der IEC 61918.

[0005} Eine Mobglichkeit zur Realisierung dieser
Normen zeigt die DE 102 36 275 B3. Diese bekannte
Konstruktion weist allerdings das Problem auf, dass
sie nur fur die Ubertragung elektrischer Signale ge-
eignet ist und dass es in der Regel einer Bauraum-
vergrofterung bedarf, um die Losung auch fir andere
Steckerteile, z.B. der Lichteitertechnik (beispielswei-
se mit SC-Simplex-Einsatzen insbesondere im Ab-
stand 7,35 mm), nutzen zu kénnen. Die bekannte
Konstruktion sollte zudem in Hinsicht auf hohe me-
chanische und chemische Belastungen verbessert
werden, denen sie nicht optimal gerecht wird.

[0006] Die Erfindung hat daher die Aufgabe, einen
verbesserten Adapter zu schaffen, mit dem es még-
lich ist, mit einfachen konstruktiven Mitteln hohen me-
chanischen und chemischen Beanspruchungen und
Anforderungen gerecht zu werden.

[0007] Vorzugsweise soll dabei auch auf einfache
Weise eine Aufnahme von Steckerteilen verschiede-
ner Ausgestaltung mdglich sein, ohne den Adapter
verandern zu miissen. Winschenswert ware vor-
zugsweise eine Nutzbarkeit fir:
— Stecker der Dateniibertragungstechnik mit Kup-
fer und/oder Lichtwellenleitern, insbesondere fir
Ethernet- und Feldbussysteme;
- Stecker der Energieversorgungstechnik mit
Kupfer- undfoder Druckiufileitungen;
und
- Stecker der Signaliibertragungstechnik mit Kup-
ferleitern, insbesondere fiir Sensoren undfoder
Aktoren.

[0008} Die Erfindung 5st die oben genannte Aufga-
be durch den Gegenstand des Anspruchs 1.
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[0009] Danach weist das Aufnahmegehaduse einen
vorderen Aufnahmeabschnitt fGr das Steckerteil auf
und einen sich daran direkt einstickig anschlielen-
den zylindrischen Abschnitt mit einem sich Uber ei-
nen Teil der axialen Lange erstreckenden Auflenge-
winde zum Aufschrauben einer Mutter fir die Kabel-
durchfithrung. Die Mutter weist ferner ein sich Uber
einen Teil threr axialen Lange erstreckendes Innen-
gewinde und einen sich Ober das Gewindeende axial
heraus erstreckenden Hilsenabschnitt auf, der einen
etwas gréBeren Innendurchmesser aufweist als der
AuBendurchmesser des zylindrischen Abschnittes,
so dass zwischen dem Innendurchmesser des Hdl-
senabschnittes und dem AuBendurchmesser des zy-
lindrischen Abschnittes ein in Richtung eines Steck-
gesichtes offener und am anderen Ende von dem
verschraubten Gewinde axial verschlossener Rin-
graum ausgebildet ist, in den ein Hdlsenabschnitt ei-
ner Schiebehiilse oder einer zwischen der Schiebe-
hulse und der Mutter angeordneten Adapterhiise
eingreift.

{0010] Vorteilhafte Ausgestaltungen sind den Unter-
anspriichen zu entnehmen.

[0011] Die Erfindung setzt an der genormten Kon-
struktion an und entwickelt sie insbesondere im Be-
reich des abzudichtenden Bereiches zwischen der
Mutter der Kabeldurchfihrung und der Schiebehiiise
mit einfachen Mitteln in entscheidender Weise derart
weiter, dass eine hohe Dichtigkeit und eine mechani-
sche und chemische Resistenz erreicht wird. Der Ad-
apter ist zudem fiir Steckerteils verschiedenster Art
nutzbar, chne dass zum Efreichen einer hohen
Schutzklasse wig P65 oder IPS7 die Konstruktion
grundsatzlich geandert werden misste.

[0012] Es ist gegebenenfalls lediglich notwendig, ei-
nen Hilfsrahmen zu verwenden oder Teile des Adap-
ters aus einem bestimmten Material zu fertigen. So
konnen viele der Teile des Adapters entweder aus
Kunststoff oder Metall gefertigt werden. Je nach An-
forderungsprofi! wird die optimale Materialauswahl
getrofien.

[0013] Nach einer weiteren vorteithaften Varante,
die auch als unabhangige Erindung zu verstehen ist,
ist das wenigstens eine Steckerteil in einen Hilfsrah-
men eingesetzt, welcher in das Aufmhahmegehause
einsetzbar ist. Vorzugsweise ist dabei auch der Hiifs-
rahmen im Aufnahmegehduse verrastbar. Der Hilfs-

-rahmen ermoglicht es, auf einfachste Weise ver-

schiedene Steckerelemente in einheitlich gestaitete
Aufnahmegehause einzusetzen. Die Notwendigkeit
zur Bereithailtung verschiedener Aufnahmegehause
entfallt damit. Es ist auch denkbar, dass einige Ste-
ckerteile mit dem Hifsrahmen befestigbar sind und
dass anders gestaltete Steckerteile direkt ohne Hilfs-
rahmen direkt im Aufnahmegehause einsetzbar und
dort verrastbar sind.
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[0014] Nachiolgend wird die Erfindung unter Bezug
auf die Zeichnung anhand von Ausfiihrungsbeispie-
len ndher erlautert, wobei auch weitere Vorteile der
Erfindung deutlich werden. Es zeigt:

[0015] Eig, 1 eine erste perspektivische Ansicht ei-
nes Adapterteils, in das ein erstes Datenverarbei-
tungs-Steckerteil mit elektrischen Kontakten aus dem
Biroumfeld eingesetzt ist;

[0016] Eig. 2 eine Sprengansicht von Elementen
der Anordnung aus Fig. 1;

[0017] Eig, 3 eine erste perspektivische Ansicht ei-
nes Adapterieils, in das ein zweites Steckerteil mit
elektrischen Kontakten aus dem Industrieumfeld ein-
gesetzt ist;

[0018] Fig. 4 eine Sprengansicht von Elementen
der Anordnung aus Fig, 3;

[0019] Fig. § eine erste perspektivische Ansicht ei-
nes Adaplenteils, in das ein LC-Steckereil fiir Kabel
mit Lichtwellenieitern singesetzt ist:

[0020] Fia. 6 eine Sprengansicht von Elementen
der Anordnung aus Fig. 5:

[0021) Fig, 7 eine erste perspektivische Ansicht ei-
nes Adapterteils, in das ein SC-Steckerteil fiir Kabel
mit Lichtweltlenieitern eingesetzt ist:

[0022] Fig.8 eine Sprengansicht von Elementen
der Anordnung aus Flg, 7.

[0023] FEig. 9-Fig, 11 verschiedene Sprengansich-
ten von Elementen des Adapters aus Fig, 1 aus un-

terschiedlichen Richtungen; und

[0024} Fig, 12, Fig. 13 eine perspektivische Ansicht
und eine Schnittansicht des zZusammengebauten Ad-

apters aus Fig, 1-Fig, 11; und
[0025] Fig. 14-Fig. 22 weitere Ansichten von Adap-

tern und Elementen von erfindungsgematen Adap-
tern.

{0026] Eig. 1-Fig. 13 zeigen jeweils einen mehrtei-
tigen Adapter 1, in das ieweils ein ein- oder mehrstii-

ckiges Steckerteil 2, in Flg. 2 z.B. ein Steckerteil 2a
des Buroumfeldes im segenannten RJ45-Standard,
eingesetzt ist. Der Adapter 1 erméglicht den Einsatz
des Steckerteils auch in raverer Umgebung. Der Be-
gnff Steckerteil ist nicht einschrankend zu verstehen.
E£s kénnen am Steckerteil Lichtleitelemente, elektri-
sche Stift- und/oder Buchsenkontakte verschiedens-
ter Bauvart oder z.B. auch Elemente zur pneumati-
schen Steckverbindung ausgebildet sein.

[0027] Der Aufbau des ocptimierten erfindungsge-
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ma&len Adapters 1 erschiiefit sich am besten aus

dem Zusammenspiel der Fig. 10 bis Fig. 13, wobei
zunachst Fig. 11 beschrieben werden soll.

[0028} Der Adapter weist danach ein Aufnahmege-
hause 3 auf, das zur rastenden Aufnahme des aufzu-
nehmenden Steckerleils 2 direkt (Fig. 4: Steckerteil
2b) oder Gber sinen Hilfs- bzw. Montagerahmen 4
ausgelegt ist (Fig. 2, Fig. 6, Fig, 8), in weichen zuvor
das/die jeweiligen Steckerteil(e) 2a, 2¢, 2d einge-
setzt wird/werden.

[0029] Das Aufnahmegehause 3 ist an seinen bei-
den Enden hiilsenartig offen ausgestaitet.

[0030] Eines der offenen Enden wird im montierten
Zustand (siehe Fig.1, Fig. 3, Fig. 5. Fig.7) vom
Steckgesicht 5 des Steckerteils 2 durchsetzt. Das an-
dere offene Ende ist als Durchfiihrung fiir ein an das
Steckerteil angeschiossenes Kabel (letzteres hier
nicht dargestellty ausgebildet.

[0031] Das Aufnahmegehiuse 3 weist zur Realisie-
rung dieser Funktionen (siehe Fig, 11 und Fig, 13) ei-
nen vorderen Aufnahmeabschnitt & fir das Stecker-
teil 2 auf und einen sich daran direkt einstickig an-
schlieBenden zylindrischen Abschnitt 7 mit einem
sich {ber einen hinteren (am vom Abschnitt & abge-
wandten Ende) Teil seiner axiaien Lange erstrecken-
den AuBengewinde 8 zum Aufschrauben einer de-
ckelartigen, sich an ihrem von dem Gewindebereich
abgewandten Ende verjingenden Mutter 9 fir die
Kabeidurchfihrung, die korrespondierend ein sich
ber einen Teil inrer axialen Lénge erstreckendes In-
nengewinde 26 aufweist.

[0032] Innerhalb der Mutter 9 kénnen am bzw. im di-
rekten Anschiuss an den Abschnitt 7 Funktionsele-
mente wie eine Spannzange bzw. ein Spannring 10
mit einem Dichtring 11 angeordnet sein, die jedenfatis
abschnittsweise auch in den Abschnitt 7 eingreifen
konnen. Da sich die Lage der Spannzange 10 mit
dem Dichtring 11 damit quasi innerhalb des Gewin-
des und die Dichtung 11 ganz oder teilweise inner-
halb der Spannzange 10 befindet, ist die Lange der
Anordnung reduzierbar.

[0033] Optional ist ein Knickschutz, insbesondere
an oder in der Mutter 9, realisierbar (Eig. 14 1), der
z.B. aus Kunststoff oder Metall bestehen kann.

[0034]} Die Durchfihrung der erfindungsgemafen
Konstruktion ist ohne weiteres fir Kabelmanteldurch-
messer von ca. 5-10 mm nutzbar.

{0035] Die Mutter 9 weist in ihrem zum Steckgesicht
hin orientierten Ende einen sich tiber das Gewinde-
ende axial heraus erstreckenden Hillsenabschnitt 12
auf, der einen etwas gréReren innendurchmesser
aufweist als der AuRendurchmesser des zylindri-
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schen Abschnittes 7, so dass zwischen dem Innen-
druchmesser des Hlisenabschnittes 12 und dem Au-
endurchmesser des zylindrischen Abschnittes 7 ein
in Richtung des Steckgesichtes offener und am ande-
ren Ende von dem Gewinde axial verschlossener
Ringraum 13 ausgebildet wird (Elg. 11}, dem eine
zentrale Funktion bei der erreichten Dichtwirkungs-
optimierung zukommit (siehe unten), denn es wird ein
guter Schutz gegen mechanische und chemische
Beanspruchungen realisiert und insbesondere das
Eindringen von Schmutz und Feuchtigkeit in den Ver-
riegelungsmechanismus verhindenrt.

[0036] Das Aufnahmegehause 3 weist an seiner Au-
Renflache hier an zwei gegenuber liegenden Seiten
Rasthaken 14 zum Zusammenwirken mit einem hier
nicht dargesteliten Steckergegenstick auf, welches
z.B. nach Art des gattungsgemdifien Standes der
Technik aufgebaut sein kann. Die Rasthaken 14 ent-
sprechen der von der eingangs genannten Norm ge-
forderten Ausgestaltung. lhre Funktion korrespon-
diert mit der inneren Formgebung einer {iber das Auf-
nahmegehduse 3 schiebbaren Schiebehiise 15, wel-
che das Aufnahmegehduse 3 hilsenartig geschlos-
sen umgibt und bei einem Rickziehen die Rasthaken
14 in ihre korrespondierenden Ausnehmungen 16
Zieht. Rippen 29 in der Schiebehiiise 15 dienen der
Fiihrung des Steckerteils 2 und/oder als Anschlag fir
die Bewegung der Schiebehlilse 15.

[06037] Die Schiebehiilse 15 weist einen im Wesent-
lichen rechteckigen Querschnitt auf. Zum Steckge-
sicht 5 hin ist ein Dichtring 27 zwischen der Schiebe-
hilse 15 und dem Aufnahmegehause 3 angeordnet.

[003B] An dem Innenumfang und/oder am Aullen-
umfang des Aufnahmegehiuses 3 sind Rastmittel,
hier z.B. Rastausnehmungen 17 angeordnet, an de-
nen korrespondierende Rastmittel, hier Rasthaken
18 des Steckerteils oder des Hilfsrahmens 4 verrast-
bar sind, um das Steckerteil bzw. den Hilfsrahmen
am Aufnahmerahmen 3 zu verrasten.

[0039] Das Aufnahmegehduse 3 kann einen inne-
ren Bund aufweisen, der sich dadurch ergibt, dass
die Wande des Aufnahmegehauses 3 abschnittweise
im Einflihrungsbereich bzw. im Bereich der in Elg. 1
his Fig, § vorderen Offnung diinner ausgestaltet sind,
um auch breite Steckerteile in das Aufnrahmegehau-
se 3 einschieben zu konnen. Die derart zurlckge-
setzten Seitenwande fithren zu einer verbreiterten
Offnung im vorderen Bereich und erleichtern die Auf-
nahme breiter Steckerteile und deren Montage/Zu-
fihrung.

[0040] Diese Malinahme trdgt auch entscheidend
dazu bei, relativ grolie Steckerteile im Adapter unter-
bringen zu kénnen.

[0041] An die Schiebehiise 15 schiliefit sich in Rich-
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tung der Mutter 9 unmittelbar eine beispielsweise mit
der Schiebehiiise 15 rastend verbundene Adapter-
hilse 19 an, die an ihrem einen Ende einen Halsen-
abschnitt 20 aufweist, der in den Ringraum 13 inner-
halb des Ansatzes der Mutter 9 eingreift. Am anderen
Ende greift sie mit einem Bundansatz 21 an Rastmit-
tein 28 in das axiale Ende der Schiebehulse ein, wo-
bei es erganzend denkbar ist, dass Dichfringe
und/oder weitere Rastmittel die Adapterhiise 19 an
der Schiebehiilse 15 und/oder der Mutter 9 (im Rin-
graum 13} sichern.

[0042] Die Adapterhiilse 19 kann aus zwei leicht
montierbaren Halbschalen 22, 23 bestehen, die mit-
einander beispielsweise ber einen Klemmsitz an
Stiften 24 und korrespondierenden Sacklochern 25
verbunden sind. Alternativ ist auch eine einstiickige
Ausgestaltung realisierbar (nicht dargestellt, z.B. aus
Gummi bzw. einem Elastomer), sofern sie montierbar
bzw. entformbar bleibt.

[0043] Derart wird auf einfachste Weise insbeson-
dere im Bereich des Ringraumes 13, in welchen die
Adapterhiise 19 {(bzw. ein Hllsenabschnitt an der
Schiebehiilse) eingreift, eine gute Schutzwirkung ins-
besondere gegen das Eindringen wvon Schmutz
und/oder Feuchtigkeit erzielt, die noch von Dichtrin-
gen oder weitere Mallnahmen zum Erreichen beson-
ders hoher Schutzklassen gesteigert werden kann.

[0044] Optional ist es denkbar, auch die Adapterhiil-
se 19 und die Schiebehiilse 15 gemeinsam einsti-
ckig auszugestalten {nicht dargestelit). Die Adapter-
hilse 15, die vorteithaft und leicht montierbar vor-
zugsweise aus den zwei Halbschalen 22, 23 besteht,
kann ggf. als Zwei-Komponenten-Spritzgiefiteil mit
Dichtringbereichen an ihren Innen- und AuRenfla-
chen gefertigt werden.

{0045] Nachfolgend werden weitere Vorteile der
Kanstruktion naher beschrieben.

[0046] Da die Steckerteile 2 direkt in dem inneren
Aufnahmegehause 3 verrastet werden, ergibt sich
aine hohe Stabilitat der Verrastung. Die vorstehende
Ose nebst zugehodriger Zunge des Standes der Tech-
nik, die leicht beschadigt werden konnen, wird ver-
mieden. Die Rastmittel 17, 18 sind zudem vorteilhaft
derart auflerhatb des Dichtrings 27 zwischen dem
Aufnahmerahmen 3 und der Schiebehiilse 15 ange-
ordnet, dass ein Entriegein bzw. Entrasten von auften
maoglich ist bzw. bleibt.

10047] Um verschiedene Steckerteile 2 dichtend
aufzunehmen, ist es lediglich notwendig, entweder
die Steckerteile 2 oder die Hifsrahmen 4 fiir die Ste-
ckerteile 2 mit den notwendigen Verrastungskonturen
bzw. Rastmitteln 18 zur Verrastung an den Rastmit-
teln 17 zu versehen. Als Rastkonturen bzw. -mittel 18
sind Vorspriinge, Rasthaken, ein t.och, Ausnehmun-
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gen usw. denkbar, die am Steckerteil 2 ausgebildet
werden und sich korrespondierend am Autnabmege-
hduse 3 wieder finden.

[0048] Mit Hilfe des Adapters 1 lassen sich derart
auf einfache Weise die Aufnahme eines RJ45-Ste-
ckers (Bezugszeichen 2a, Fig. 1. Fig. 2) aus dem Of-
fice-Umfeld unter zu Hilfenahme des Adapters reali-
sieren. Vorzugsweise sind felgende Stecker auf-
nehmbar:

- RJ45 & x AWG 27/7-24/7 (Piercing-Kontakte),

- RJ45 8 x AWG 26/7-22/7 (IDC-Kontakte),

- LC-Duplex (Fig, 8 und Fiq. &),

- 2 x SC-Simplex-Einsatze (im Abstand eines

SC-RJ: 7,35mm: Eig. 7 und Fig, 8),

-~ Power-Kontakte,

~ USE,

— Firewire,

— KOAX undfoder

- Sensor-/Aktor-Kontakte.

[0049] Dabei ist die erfindungsgemaiRe Anordnung
insbesondere zum Einsatz im Sensor-fAktor- bzw.
Feldbustechnikbereich geeignet.

{0050] Die Schiebehilise 15 sowie die Adapterhilse
19 und/oder die Mutter 9 und/oder ein optionaler
Knickschutz sind wie die Steckerteile 2 als Kunst-
stoff- oder Metaiiteile oder auch als Verbundteile aus
mehreren Materialen realisierbar. Bei der Metallaus-
flihrung bestehen vorzugsweise alle duleren Gehau-
seteile aus Metall (gegen Schweillperlen und hohe
mechanische Beanspruchung). Auch die nicht sicht-
bare, innere Steckeraufnahme bzw. das Aufnahme-
gehduse 3 kann aus Metall bestehen, um hohen me-
chanischen Anforderungen gerecht zu werden. Je
nach Anforderung und Anwendung kdnnen auch eip-
zelne der Teile des Adapters aus Kunststoff und an-
dere aus Metali bestehen. Am Aufnahmegehduse 3
aus Metall bestehen vorzugsweise auch die Rastha-
ken 14 aus Metall, z.B. aus Federstahi, zur Erhéhung
dar mechanischen Stabilitat. Mischformen {Aufnah-
megehause 3 aus Kunststoff bzw. Metall und die Ad-
apterhiiise aus Metall bzw. Kunststoff sind denkbar).

[00651] Die Verriegelungshaken 14 kénnen anstelle
{iber eine Rampe auch iber eine Wippe betatigt wer-
den, um die Herstellungskosten zu senken {als low
cost-Version, dann ohne Schiebehiiise 15 und Adap-
terhtlse 19).

[0052] Dem Adapter kann auch ein Arretierungsele-
ment zum Verriegein der Position der Schiebehilise
nach dem Einsetzen des Adapters in die Buchse zu-
geordnet sein. Das Arretierungselement kann als fle-
xibles Ringsegment aus Kunststoff oder Federstahl
ausgebildet sein und nach dem Herstelien der Steck-
verbindung (Adapter 1 mit Steckerteil 2 in Buchse)
zwischen Schiebehiilse 15 und Mutter 9 aufschnapp-
bar sein. Eine kodierungsartige Farbgebung kann
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dann auch durch das bzw. am Arretierungselement
realisiert sein (hier alles nicht dargestelit).

[8053] Vorteithaft ist es noch, wenn die Mutter 9 aus
Metall besteht und/oder dass an der Mutter 9 einstij-
ckig eine Zugentiastung, insbesondere schelienartig,
angeordnet oder ausgebildet ist.

[0054] Vorzugsweise ist die optische E£bene des
Steckerteils nach einer vartetthaften Variante der Er-
findung, die auch als unabhangige Erfindung be-
trachtet werden kann, derart am Adapter 1 ausgebil-
det, dass ein kuppiungsstiickireier Anschluss der
lichtfihrenden Medien (Glas, HCS, POF) zu esinem
Transceivergehause realisierbar ist (hier nicht darge-
stelit). Um dies zu emeichen, miissen unterschiedli-
che Dicken/Starken von Schrank-/Gehausewanden
und unterschiedliche Positionen/Lagen der Transcei-
vergehéuse ausgeglichen werden kénnen. Dies kann
funktional geldst werden, indem die "optische Ebene
wahrend der Kabel-/Steckerkonfektion positioniert”
werden kann bzw. indem der "Verrastungspunkt des
Hilfsrahmens 4 zusétzlich einstellbar im Adapter 1
gestaltet” wird.

[0055] Hierzu lasst sich alternativ zur "Standardver-
rastung in tiefster Position" der Hilfsranmens 4 auch
mit einer abgedichteten Schraube =zwischen der
Rasthakenbefestigung 14 im Aufhnahmegehause 3 in
nahezu beliebiger Lage weiter vorn positionieren und
festsetzen; dann erst wird die Schiebehiilse 15 und
Adapterhiilse 19 montiert,

[0056] Hierzu bietet sich ein korrespondierendes
Loch fiir die Befestigungsschraube an. Die Abdich-
tung lasst sich durch eine Flachdichtung unter dem
teilweise abgesenkten Schraubenkopf realisiersn.

[0057]) Vorzugsweise ist das Aufnahmegehduse 3
mit einem Befestigungsioch fir den Hilfsrahmen 4
optional zur Ausfiihrung ohne Befestigungsioch (aus
dem gleichen Umbau-WZ realisierbar) bei sonst glei-
chem konstruktiven Aufbau und Abmessungen des
Adapters 1 unter Erflilung der IEC 61067-3-106 Va-
riante 4 realisiert. Damit ergibt sich ein kupplungs-
slickfreier Anschiuss der fichffilrenden Medien
durch freie Positionierbarkeit der optischen Ebene im
Adapter mittels Befestigungsschraube.

[0058] Nach Fjg, 14 und 15 und nach einigen der
weiteren Figuren sind an der Schiebehiilse 15 auRen
Flachen 31 (Vertiefungen) ausgebildet, die sich zur
Aufnahme von Markieren oder dgi. (auch Klebeschil-
dern) eignen.

[0059] Fla. 14 und 15 sowie einige der weiteren Fi-
guren offenbaren ferner an der Mutter 9 die bereits
weiter vorn erwahnte Knickschutztiille 32, 33 fur ein
Kabel am Steckerteil 2, die nach Fig. 14 aus Metall
und nach Fig. 15 aus Kunstsioff besteht.
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[0060] Die Mutter 9 weist femer an ihrem Aullenum-
fang eine Nut 34 zur Aufnahme eines vorzugsweise
geschlitzten Ringes 35 auf, der z.B. als Farbmarkie-
rung nutzbar ist.

[0061]} Ejg. 14 und 15 zeigen auch eine alternative
Ausgestaltung der Spannzange 10 (hier ohne Dich-
tring 11).

Bezugszeichenliste

1 Adapter
2 Steckerteil
2a,c,d Bitrosteckerteil
2b Industriesteckerteil
3 Aufnahmegehaduse
4 Hitfsrahmen
5 Steckgesicht
6 Aufnatimeabschnitt
7 zytindrischer Abschnitt
8 Auflengewinde
9 Mutter
10, 11 Spannzange/Dichtring
12 Hilsenabschnitt
13 Ringraum
14 Rasthaken
15 Schiebehilise
16 Ausnehmungen
17 Rastausnehmungen
18 Rasthaken
19 Adapterhiilse
20 Huailsenabschnitt
21 Bundansatz
22,23 Halbschalen
24 Stiften
25 Sacklocher
26 Innengewinde
27 Dichtring
28 Rastmittel
29 Rippen
30 Kante
31 Fliachen
32, 33 Krickschutztille
34 Nut
35 Ring

Schutzanspriiche

1. Adapter zur Aufnahme eines Steckerteils (2),
der foigendes aufweist:
a. ein Aufnahmegehause (3) zur vorzugsweise ras-
tenden Aufnahme des aufzunehmenden Steckerteils
(2), das an seinen beiden Enden hilsenartig offen
ausgestaltet ist,
b. wobei eines der offenen Enden im montierten Zu-
stand vom Steckgesicht (5) des Steckerteils (2)
durchsetzt ist und das andere offene Ende als Durch-
fihrung fur ein an das Steckertsil angeschlossenes
Kabe! ausgebildet ist,
dadurch gekennzelchnet, dass
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c. das Aufnahmegehause (3) einen vorderen Aufnah-
meabschnitt (6} fir das Steckerteil {2} aufweist und
einen sich daran direkt einstiickig anschlieRenden
zylindrischen Abschnitt (7} mit einem sich (iber einen
Teil der axialen Lange erstreckenden AuBengewinde
(8) zum Aufschrauben einer Mutter (9) fir die Kabel-
durchfiithrung,

d. die Mutter (9} ein sich lber einen Teit ihrer axiaten
Lange erstreckendes Innengewinde (26) und einen
sich {iber das Gewindeende axial heraus erstrecken-
den Hilsenabschnitt (12) aufweist, der einen etwas
grofieren Innendurchmesser aufweist ais der Aullen-
durchmesser des zylindrischen Abschnittes (7),

e. s0 dass zwischen dem Innendurchmesser des Hiil-
senabschnittes {12} und dem Aufiendurchmesser
des zylindrischen Abschnittes (7) ein in Richtung ei-
nes Steckgesichtes (5) offener und am anderen Ende
von dem verschraubten Gewinde axial verschlosse-
ner Ringraum {13} ausgebiidet ist, in den ein Hilsen-
abschnitt (20) einer Schiebehlilse (15) oder einer zwi-
schen der Schiebehiilse (15) und der Mutter (9) an-
geordneten Adapterhillse (19) eingraift.

2. Adapter nach Anspruch 1 oder nach dem
Oberbegriff des Anspruchs 1, dadurch gekennzeich-
net, dass einefdie Adapterhilise (19) vorgesehen ist,
welche mehrstilckig ausgebildet ist.

3. Adapter nach einem der vorstehenden Anspri-
che, dadurch gekennzeichnet, dass die Adapterhilse
(19) aus zwei Halbschalen (22, 23) besteht.

4. Adapter nach einem der vorstehenden Ansprii-
che, dadurch gekennzeichnet, dass der Hilsenab-
schnitt (20) der Adapterhiilse (19) in den Ringraum
(13) innerhalb des Hillsenansatzes (12) der Mutter
(9) und an seinem anderen Ende mit einem Bundan-
satz (21) in das axiale Ende der Schiebehiiise (15)
eingreift.

5. Adapter nach einem der vorstehenden Ansprii-
che, dadurch gekennzeichnet, dass innerhalb der
Mutter (9) im direkten Anschluss an den Abschnitt (7)
Funktionselemente wie eine Spannzange bzw. ein
Spannring (10) mit wenigstens einem ein- oder mehr-
teiligen Dichtring {11) angeordnet sind, die jedenfails
abschnittsweise auch in den Abschnitt (7) eingreifen.

6. Adapter nach einem der vorstehenden Ansprii-
che, dadurch gekennzeichnet, dass der Dichtring
(11) ganz oder abschnittsweise innerhalb der Spann-
zange (10) angeordnet ist.

7. Adapter nach einem der vorstehenden Ansprii-
che, dadurch gekennzeichnet, dass die Schiebehiil-
se (15) einen im wesentlichen rechteckigen Quer-
schnitt aufweist und dass zum Steckgesicht (5) hin
ein Dichiring (27) zwischen der Schiebehilse (15)
und dem Aufnahmegehause (3) angeordnet ist,
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8. Adapter nach einem der vorstehenden Ansprii-
che oder nach dem Oberbegriff des Anspruchs 1, da-
durch gekennzeichnet, dass das Aufnahmegehiuse
(3) abschnittweise im Einfithrungsbereich fiir das
Steckerteit (2) bis zu einer Kante (30) diinnere Wan-
de aufweist als in seinem ubrigen Bereich,

8. Adapter nach einem der vorstehenden Anspri-
che oder nach dem Oberbegriff des Anspruchs 1, da-
durch gekennzeichnet, dass an dem innenumfang
des Aufnahmegehauses (3) Rastmittel wie Rastaus-
nehmungen {17}, Durchbriiche oder Rasthaken aus-
gebildet sind, an denen korrespondierende Rastmit-
tel wie Rasthaken (18) des Steckerteils (2) oder des
Hilfsrahmens (4) verrastbar sind.

10. Adapter nach einem der vorstehenden An-
spriche cder nach dem Oberbegriff des Anspruchs
1, dadurch gekennzeichnet, dass eine optische Ebe-
ne des Streckerteils derart am Adapter (1) positioniert
ist, dass ein kupplungsstiickfreier Anschiuss lichtfiih-
render Medien (Glas, HCS, POF) zu sinem Transcei-
vergehause realisierbar ist.

11. Adapter nach einem der vorstehenden An-
spriche oder nach dem Oberbegriff des Anspruchs
1. dadurch gekennzeichnet, dass der Verrastungs-
punkt des Hilfsrahmens (4) im Adapter (1) einstellbar
ausgestaltet ist,

12. Adapter nach einem der vorstehenden An-
spriche, dadurch gekennzeichnet, dass der Hilfsrah-
men (4) mit einer vorzugsweise abgedichteten
Schraube zwischen der Rasthakenbefestigung (14)
im Aufnahmegehause (3) positionierbar ist.

13. Adapter nach einem der vorstehenden An-
spruche, dadurch gekennzeichnet, dass das Aufnah-
megehause {3) mit einem Befestigungsloch verse-
hen ist.

14. Adapter nach einem der vorstehendsn An-
spruche oder nach dem Oberbegriff des Anspruchs
1, dadurch gekennzeichnet, dass das wenigstens
eine Steckerteil (2¢, d) in einen Hilfsrahmen (4) ein-
gesetzt ist, welcher mitsamt dem Sieckerteil in das
Aufnahmegehause (3) einsetzbar ist.

15. Adapter nach Anspruch 14, dadurch gekenn-
zeichnet, dass der Hilfsrahmen im Aufnahmegehau-
se (3) verrastbar ist.

16. Adapter nach Anspruch 14 oder 15, dadurch
gekennzeichnet, dass einige der Steckerteile (2) mit
dem Hilfsrahmen (4) im Aufnahmegehause (3) befes-
tigbar sind und dass weitere, anders gesialtete Ste-
ckerteile direkt ohne Hilfsrahmen (4) in das Aufnah-
megehause (3) einsetzbar und dort verrastbar sind.

17. Adapter nach einem der vorstehenden An-
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sprache, dadurch gekennzeichnet, dass die Rastmit-
tel (17) auBerhalb des Dichtringes (27) angeordnet
sind.

18. Adapter nach einem der vorstehenden An-
spruche, dadurch gekennzeichnet, dass sich an die
Schiebehilse (15) in Richtung der Mutter (9) unmit-
telbar die mit der Schiebehlise rastend verbundene
Adapterhillse {19) anschlieit.

19. Adapter nach einem der vorstehenden An-
spriiche, dadurch gekennzeichnet, dass Dichtmittel
wie Dichtringe zwischen der Mutter (8) und der Adap-
terhillse (19) ausgebildet sind.

20. Adapter nach einem der vorstehenden An-
spruche, dadurch gekennzeichnet, dass das Stecker-
teil (2) direkt oder mit einem Hilfsrahmen (4) im Auf-
nahmegehause (3) verrastet ist.

21. Adapter nach einem der vorstehenden An-
spriiche, dadurch gekennzeichnet, dass die Schiebe-
hillse (15) sowie ggf. die Adapterhilise (19) und/oder
die Mutter (8) und/oder der optionale Knickschutz aus
Kunststoff bestehen,

22 Adapter nach einem der vorstehenden An-
spriche, dadurch gekennzeichnet, dass die Schiebe-
hillse (15) sowie ggf. die Adapterhiise (19} und/oder
die Mutter (8) und/oder das Aufnahmegehiuse (3)
aus Metail bestehen.

23. Adapter nach einem der vorstehenden An-
spriche, dadurch gekennzeichnet, dass am Aufnah-
megehause (3) an der Aulenflache Rasthaken (14)
ausgebiidet sind.

24. Adapter nach einem der vorstehenden An-
spriiche, dadurch gekennzeichnet, dass das Aufnah-
megeh&use {3} aus Kunststoff oder Metall besteht.

25. Adapter nach einem der vorstehenden An-
spruche, dadurch gekennzeichnet, dass am Aufnah-
megehause (3) aus Kunststoff Rasthaken (14) aus
Metall angebracht sind.

26. Adapter nach einem der varstehenden An-
spriche, dadurch gekennzeichnet, dass am Aufnah-
megehause (3) aus Metall Rasthaken (14) aus Me-
tail, insbesondere Federstahl angebracht sind.

27. Adapter nach einem der vorstehenden An-
spriiche, dadurch gekennzeichnet, dass das Stecker-
teil in folgender Technik ausgehbildet ist:

a. RJ45 8 x AWG 26/7-22/7 (Piercing-Kontakte),

. RJ45 8 x AWG 27/7-24/7(IDC-Kontakte),

¢. LC-Duplex (Ejq. § und Fig, 8) und/oder

d. 2 x SC-Simplex-Einsatze (im Abstand eines
SC-RJ: 7,35mm: Flg, 7 und Fig, 8).
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28. Adapter nach einem der vorstehenden An-
spriiche, dadurch gekennzeichnet, dass das Stecker-
teil in folgender Technik ausgebiidet ist:

. Power-Kontakie,

. UsB,

. Firewire,

. SensorjAktor-Kontakte und/oder
. KOAX.

D a0 on

29. Adapter nach einem der vorstehenden An-
spriche, dadurch gekennzeichnet, dass das Stecker-
lelt Kontakte aufweist, die nach Art von Kontakien
von Sensoren und Aktoren ausgebildet sind.

30. Adapter nach einem der vorstehenden An-
sprilche, dadurch gekennzeichnet, dass an/in der
Mutter (9) ein Knickschutz angeordnet ist.

31. Adapter nach einem der vorstehenden An-
sprilche, gekennzeichnet durch Flachen zur Anord-
nung von Markierungen und/oder eine kodierungsar-
tige Farbgebung.

32. Adapter nach einem der vorstehenden An-
spriiche, dadurch gekennzeichnet. dass ihm ein Ar-
retierungselement zum Verriegein der Position der
Schiebehilse nach dem Einsetzen des Adapters (1)
zugeordnet ist,

33. Adapter nach einem der vorstehenden An-
spriiche, dadurch gekennzeichnet, dass das Arretie-
rungselement als fiexibles Ringsegment aus Kunst-
stoff oder Federstahi ausgebildet ist und nach dem
Herstellen der Steckverbindung zwischen Schiebe-
hulse (15) und Mutter (9) aufschnappbar ist.

34. Adapter nach einem der vorstehenden An-
spriiche, dadurch gekennzeichnet, dass die kodie-
rungsartige Farbgebung durch das bzw. am Arretie-
rungselerment realisiert ist.

35, Adapter nach einem der vorstehenden An-
spriiche, dadurch gekennzeichnet, dass die Mutter
{9) aus Metall besteht und/oder dass an der Mutter
(9) einstickig eine Zugentiastung, insbesondere
schellenartig, angeordnet ist.

36. Adapter nach einem der vorstehenden An-
spriche, dadurch gekennzeichnet, dass an der
Schiebhilse (15) Flachen (31), insbesondere Vertie-
fungen, ausgebildet sind, die zur Aufnahme von Mar-
kieren oder dgl. geeignet sind.

37. Adapter nach einem der vorstehenden An-
spriche, dadurch gekennzeichnet, dass an der Mut-
ter (9) eine Knickschutztille (32, 33) fir ein Kabel am
Steckerteil (2) angeordnet oder ausgebildet ist, die
vorzugsweise aus Metall oder Kunststoff besteht.

38. Adapter nach einem der vorsiehenden An-
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spriche, dadurch gekennzeichnet, dass an der Mut-
ter (9) eine Nut (34) zur Aufnahme eines vorzugswei-
se geschlitzten Ringes (35) ausgebildet ist.

Es folgen 20 Blatt Zeichnungen
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(54} Optical connactor

{(57) An optical connector as an optical plug is pro-
vided, which includes: an optical fiber cable (37,38); a
ferrule connected to an end of the optical fiber cable and
construciing a farrule assembly (32) along with the opti-
cal fiber cabie; a spring (40) arranged over the optical
fiber cable, an end of the spring pressing the ferrule; a
plug housing io accommodate the farrule assembly and

the spring; and a spring cap (34) to be connected to the
plug housing (33) for supporting another and of the
spring and for curvingly leading the optical fiber cable,
wherein a curved portion, provided inside the spring
cap, of the optical fiber cable has a thinner cover than
another portion.
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Description

BACKGROUND OF THE INVENTION
1. Field of the invention

[o001] The present invention reiates generally to an
optical connector, and more particularly to an optical
connector as an optical plug wherein an optical fiber
cable is led out in a direction different from an axial
direction of a ferrule connected with the optical fiber
cable.

2. Description of the Related Art

[0002] An optical connector is used to connect an
optical fiber cahle with a transmitter, a receiver, or
another optical fiber cable constituting a multiplex trans-
mission circuit, for example, of a vehicle such as motor
vehicie.

[0003] Because the optical fiber cable is weak in
extreme bending and distortion, the optical fiber cable is
usually led out of the optical connector straight. in & cir-
cumstance, like in a vehicle, that various electric equip-
ment and wiring hamesses are thickly aranged,
however, the optical fiber cable is often led out of the
optical connector, while being curved in a minirmum
bending radius.

[0004] An optical connector disclesed in Japanese
Patent Appltcaticn Laid-open No.10-78534 is known as
an optical connecter with a curved optical fiber cable.
And, another optical connectoer 1 shown in FiG. 10 is
also used.

foo0s] Hereinafter, the above optical connaclor 1
will be described, referring to FIG. 10. The optical con-
nector 1 consists of a receptacie {not illustrated) and an
optical plug 2 to be coupled with the receptacle. The
optical plug 2 has ferrule assemblies 3, a plug housing
4, and a spring cap 5.

[000DG) The ferrule assemnbly 3 is formed by con-
necting a ferrule B on the end of an opticat fiber cable 7
on which a compression spring 6 is amanged. One end
of the compression spring 6 abuts against the ferrule 8.
[oo07] The plug housing 4 couples with a coupling
portion {not illustrated) of the receptacle and has longi-
tudinal accommeoedating chambers 9 to accommodate
the respective ferrule assemblies 3. And, a claw-like
engaging projection 10 is protrusively-provided on each
sidewall of the plug housing 4. (one engaging projection
10 is Hlustrated.)

{0008] The spring cap S consists of a lower spring
cap 11 and an upper spring cap 12, which tower spring
cap 11 engages the rear of the plug housing 4.

[0009] The lower spring cap 11 has an engaging
portion 13 to engage the plug housing 4 and & leading-
out direction restricling portion 14 to restrict the direc-
tion of the opfical fiber cables. The engaging portion 13
is provided with four-sided holes 15 to engage the
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engaging projections 10 and fibar leading-out portions
16 against which the other ends of the respective com-
pression springs 6 abut and through which the optical
fiber cables 7 pass.

foo10] The lsading-out direction restricting portion
14 curves the optical fiber cables 7 by about 90° for
leading them in a lateral direction. The curved optical
fiber cables 7 are ted outside out of an opening portion
17 provided on the leading-out direction restricting por-
tion 14, A sidewail of the leading-out direction restricting
portion 14, at a side of a smaller radius of curvature, is
provided with a supporting surface 18 curving in a circu-
lar-arc., And, another sidewall of the leading-out direc-
tion restricting portion 14, at a side of a large radius of
curvature, is provided with engaging projections 19 and
ribg 20 to engage the upper spring cap 12 and is formed
to make the optical fiber cables 7 curve.

[oo11] The upper spring cap 12 is formed to cover
the leading-out direction restricting portion 14 of the
lower spring cap 11. And, & sidewall 21 of the upper
spring cap 12 is provided with four-sided holes 22 to
engage the above engaging projections 19 and guide
grooves 23 to receive the above ribs 20.

[oG12] With respect to the above conventiona! opti-
cal connector 1, howsever, because the opticat fiber
cable 7 connected to the ferrule B is thick, the rigidity of
the optical fiber cable 7 is big, thereby bringing about
poor work efficiency and making the optical connector
large. Further, because the compression spring 6 is
pushed by the opftical fiber cable 7, the action of the
compression spring 6 woulld be hindered, thereby mak-
ing a connecting force bigger.

[0013] More spedifically, becausa the optical fiber
cable 7 genaerally has a core fiber portion (not itlus-
trated), a primary sheathing {not illustrated) covering
the core fiber portion, and a secondary sheathing 7a

-covering the primary shaathing, the optical fiber cable 7

is fairly thick and has a fairly big rigidity. And, a work to
accommodate the thick optical fiber cable 7 with a mini-
mum radius of curvature in the spring cap 5, as shown
in FIG. 11, causes poor work efficiency.

[0014] Also, because the thick optical fiber cable 7
needs the larger opening partion 17, an end width d of
the spring cap 5 has to be larger, thereby making the
optical plug larger.

[0015] Further, as shown in FIG. 11, when the opfi-
cal fiber cable 7 is curved with a minimum radius of cur-
vature, the compression spring 6 is pushed by the
optical fiber cable 7 toward an inside wall of the plug
housing 4, the action of the compression spring B woukd
be hindered, thereby making & connecting force with a
receptacie (not illustrated) bigger.

SUMMARY OF THE INVENTION
[0016] In view of the foregoing, an object of the

present invention is to provide an optical connector
wherein the work efficiency is enhanced, a downsizZing
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is achieved, and a connecting force is smaller.

[oo17] tn order to achieve the above-described
object, as a first aspect of the present invention, an opti-
cal connector as an optical plug comprises: an opticai
tibar cable; a ferrule connected to an end of the optical
finer cable and constructing a ferrule assembly along
with the optical fiber cable; a spring arranged over the
optical fiber cable, an end of the spring pressing the fer-
rule; a plug housing to accommodate the ferrule assem-
bly and the spring; and a spring cap to be connected to
the plug housing for supporting another end of the
spring and for curvingly leading the optical fiber cabie,
wherein a curved portion, provided inside the spring
cap, of the optical fiber cable has a thinner cover than
ancther portion.

[©018] As a second aspect of the present invention,
in the structure with the above first aspect, the curved
portion starts from a position of an end of the ferrule.
[0019] As a third aspect of the present invention, in
the structure with the above second aspect, the curved
portion ends near an exit opening portion of the spring
cap.

[0020] According to the above-described structure
of the present invention, the following advantages are
provided.

{1) Because the opiical fiber cable has a thinner
curved portions with lower rigidity, the optical fiber
cable can be curved easily, thereby improving the
work efficiency.

{2) The spring for pushing the ferrule is arranged
over the optical fibar cabie securely within the set-
up curved extent theraof. Because the optical fibor
cable baing within the set-up curved extent is thin-
ner than that of the pricr art one, the spring does
not receive a pressure from the cable, which
improves action of the spring, thereby reducing a
force required for coupling the optical plug.

(3) The optical fiber cable is thinner than the prior
art one at least within the optical plug. Therefore,
because the opening portion for leading out the
optical fiber cabie can be nammower, thereby down-
sizing the optical plug,

[0021] The above and other objects and features of
the present invention will become meore apparent from
the following description taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]
FIG.1 is an exploded perspective view showing an
embodiment of the optical plug of an optical con-
nector in accardance with the present invention;

F1G.2 is an exploded perspective view of the optical
plug, taken reversely to FIG . 1;
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FIG.3 is an exploded parspectiva view showing an
assembling state of spring caps of the optical plug;
FIG.4 is & perspective view showing a completely
assembled state of the optical piug;

FIG.5 is a front view of the optical phlug;

FiG.6 is a ptan view of the optical plug;

FIG.7 is a bottom view of the optical plug;

FIG.8is a side view of the optical plug;

FIG.9 is a sectional view taken along a line A-A in
FIG.5; .

FIG.10 s an exploded perspective view of a prior
art optical plug; and

FIG.11 is a sectionai view of the prior art optal
plug shown in FIG . 10.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[6623) An embodiment of the present invention wilt
now be described in further detail with reference to the
accompanying drawings.

[o024]) FIG. 1 is an exploded perspective view
showing an embodiment of the optical plug of an optical
connector in accordance with the present invention:
FIG.2 is an exploded perspective view of the optical
piug, taken reversely 1o FIG.1; FIG.3 is an exploded per-
spective view showing an assembling state of spring
caps of the optical plug; FIG.4 is a perspactive view
showing a completely assembled state of the optical
plug; FIG.5 is a front view of the optical plug; FIG.6is a
plan view of the optical plug; FiG.7 is a bottomn view of
the optical plug; FIG.8 is a side view of the optical plug;
and FIG.9 is a sectional view taken along a line A-A in
FiG.5.

[0025] In FIGS.1 and 2, refarence character 31
shows an optical plug which constitutes an optical con-
nector aleng with an un-illustrated receptacle. The opti-
cal plug 31 consists of ferrule assemblies 32 to which
respective optical fiber cables 37,38 each having a nar-
row portion are connected, a plug housing 33 to accom-
modate the ferrule assembiies 32, and & spring cap 34
to engage the rear of the plug housing 33,

[oc26) The spring cap 34 consists of an upper
spring cap 36 and a iower spring cap 35 t¢ be coupled
with the uppar spring cap 36.

[0027] As shown in FIG.3, the fower spring cap 35
can engage the rear of the piug housing 33 in a state of
the optical fiber cables 37,38 being straightly led out of
the rear end of the plug housing 33 accommodating the
ferrule assemblies 32. And, the optical fiber cables
87.38 are set in a curved state as shawn, and then the
upper spring cap 36 is coupled to the lower spring cap
35 (FIG.4).

[o028] First, the structural members are specffically
described hereinafter.

[0029) As shown in FIGS.1 and 2, the above ferrule
assemblies 32 are made up of the optical fiber cables
37,38, the ferrules 39, and compression springs 40. The
ferrule assemblies 32 are connected to the respective
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ends of the optical fiber cables 37,38, and the cormpres-
sion springs 40 are set around the optical fiber cables
37,38,

{0030] The optical fiber cables 37,38 consist of core
fiber portions 41 (FIG.2) each consisting of a core and
an cuter layer (hereinaftar, a cladding), primary sheath-
ings 42 coverng the respective core fiber portions 41,
and secondary sheathings 43 covering the respective
primary sheathings 42. The above core fiber portion 41
having no sheathing is fit In a later-described small-
diameter portion 44 of the ferrule 39. And, the core fiber
portion 41 with oniy the primary sheathing 42 is fitina
later-gdescribed large-diameter portion 45 of the ferrule
39.

[0031] The primary sheathing 42 exposes within
the limits between the rear end of the ferrule 3% and an
exit of the lower spring cap 35 in a curved state of the
optical fiber cable. In the present embediment, curved
extents EX1,EX2 wherein each primary sheathing 42
exposes are set up on the respective optical fiber cables
37,38, as shown in FIG.1,

[0032] Because the optical fiber cables 37,38 within
the curved extents EX1,EX2 are thinner than the other
porticns thereof, the rigidity of the optical fiber cables
lowers, thereby improving the work efficiency. Further,
even If the optical flber cables 37,38 are curved with the
sama radius as of the conventional ones, the optical
fiber cables 37,38 in a curved state do not suppress the
springs 40,

[0033] Though the rear end of the ferrule 39 is a ref-
erence position of starting the curve of the cables in the
present embodiment, the position is not limited to the
rear and. Alse, a position of ending the curve is not lim-
ited to the led-out position of the cable from the lower
spring cap 35 to the outside. Further, the core fiber por-
tion 41 may be covered with three layers of sheathings
instead of two ones. In this case, the outer two layers
may be stripped off in the curved extent.

[0034] The length of the curved extents of the
respective optical fiber cables 37,38 are different, i.e.
EX1 = EX2. That is, the exposed lengths of the respec-
tive primary sheathings 42 are different as shown in
FIG..

{c035] The ferrule 39 is formed in a cylindrical
shape with a small-diameter pertion, a large-diameter
portion 45, and a step therebatween. A pair of flanges
46 are provided on the large-diameter portion 45. At the
front end surface of the ferrule 39, i.e. at the frent end
surface of the small-diameter portion 44, the core fiber
portion 41 of each of the optical fiber cables 37,38 is
exposed.

[0036] One end of the compression spring 40 abuts
against the ftange 46. The compression spring 40 may
be of the compression spring 6 of FIG.10 and has a
larger inside diameter than an outside diameter of the
secondary sheathing 43. Because the compression
springs 40 are arranged over the respective exposing
portions {i.e. the curved extents EX1,EX2 with a smaller
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diameter) of the primary sheathings 42, there exists a
large diameter-difference therebetwaen, which prevents
the compression spring 40 from receiving pressure from
the cable, thereby improving action of the compression
spring 40 so as to reduce a force required for connect-
Ing the optical plog 31 with an receptacle (not illus-
trated).

[0037} The plug housing 33 is formed in a box-
shape as shown in FIGS.1-9, and accommodating
chambers 47 are longitudinally formed therein. And, a
locking arm 48, a palr of guide ribs 49 and a pair of fiber
holding ribs 50 are provided on an upper wall of the plug
housing 33. Also, a pair of claw-like engaging projec-
tions 5t are formed on the respective sidewalls.

[oc38] The ferrule assemblies 32 are accommo-
deted in the respective accommodating chambers 47
which have respective stoppers 52 for the respective
ferrule assemblies 32 in their intermediate portions.
[0039] The locking arm 48 is provided at the middle
portion of the upper wali of the ptug housing 33 so asto
couple with the receptacle (not lustrated).

{o040] The guide ribs 49 are formed continuing
from the respective sidewalis thereof so as to prevent
the lower spring cap 35 from slipping off.

[CO41] The cantilevered fiber holding tibs 50 are
armanged near respective rear openings of the accom-
modating chambers 47 so as to hold the respective opti-
cat fiber cables 37,38 (i.e. the primary sheathings 42
thereof) connected to the accommodated ferrule
assemblies 32, thereby, for exarmnple, facilitating an
assembly of the upper spring cap 36. And, when the
optica! fiber cables 37,38 are pulled upward before
mounting the upper spring cap 36, a stress in each of
the optical fiber cables 37,38 is weakened due 1o alas-
ficity of the respective ribs 50,

[ocad2] The above lower spring cap 35 is formed in &
L-shape as shown in FIGS.1-9 and has an engaging
portiors 53 for the plug housing 33 and a leading-out
direction restricting portion 54 for the optical fiber cables
37.38.

[0043] The engaging portien 53 continues to the
leading-out direction restricting portion 54, and the hole
55 and the gulde rib engaging portion 56 are formed on
each of the sidewalls of the engaging portion 53. And, a
partition 57 having fiber leading-out portions 58 is pro-
vided between the engaging portion 53 and the leading-
ot direction restricting portion 54,

[c04a4] The hole 55 is formed in a four-sided figure
s0 as to engage the engaging projection 51. And, the
guide rib engaging portion 56 has a groove for sliding
the above guide rib 49 therein,

[0045] The fiber leading-out portions 58 each are
formed in & U-shape from an upper edge of the partition
87 on which the ends of the compression springs 40
abut. That Is, the ferrule assemblies 32 are pushed
toward the front side of the plug housing 33 in a state of
the lower spring cap 35 being engaging the rear of the
plug housing 33.
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[0046} The ileading-out direction restricting portion
54 curves the opticai fiber cables 37,38, being led out of
the rear end of the plug housing 33, by abeut 90° and
has three sidewalls 59,60,61.

[o04a7] The sidewall 58, at a side of a smaller radius
of curvature, is provided with a supporting suface 62
curving in a circuiar-arc. And, the sidewall 60 is
arranged substantially facing the supporting surface 62.
The sidewail 80 checks restoration of the curved optical
fiber cables 37,38 and forms one side of a later-
described straight path.

foo48] Between the sidewalls 59,60 formed is an
opening portion 63 which leads the curved optical fiber
cables 37,38 outside. And, between the sidewalis 60,61
formed is another opening portion 64 which leads the
straight optical fiber cables 37,38 outside.

[0049] A curved path with the opening portion B3 to
lead the optical fiber cables 37,38 from the fiber leading-
out portions 58 along the supporting surface 52 is
formed on the leading-out direction restricting portion
54. And, as described above, the straignt path with the
opening portion 64 for the optical fiber cables 37,38 is
formed on the leading-out direction resiricting portion
54,

[0050) A widih of the opening portion 63 is narrowsr
than that of the prior art one because the optical fiber
cables 37,38 are namower, whereby an end width D
(FIG.9) of the spring cap 34 becomes narower than the
end width d of the prior art of FIG. 11, while shortening a
full length L (F1G.9) of the optical plig 31. Then, down-
sizing is attained. Further, the optical fiber cables 37,38
can be curved with a smaller radius of curvature than
that of the prior art because of the lowar rigidity thereof,
thereby aiso shortaning the full length L of the optical
plug 31. '

[o051] The three sidewalls 59,6061 each are pro-
vided with an engaging projection 65 and a rib 66 for
use in coupling with the upper spring cap 36, and each
rib 66 continues to a reinfercing rib 67 (FIG.5) formed on
the backside of the leading-out direction rastricting por-
tion 54.

[0052) The above upper spring cap 36 to cover the
leading-out direction restricting portion 54 is provided
with a hole 69 to engage the above engaging projection
65 on the sidewall 68 which overlaps with the above
sidewall 59 and a guide groove 70 to receive the above
rib 66. And, a sidewall 71, which overlaps with the side-
wails 60,61 and closes the above opening portion 64, of
the upper spring cap 36 is provided with the similar
heoles 69 and the guide grooves 70.

[0053} Reference  character 72 designates
recesses lor receiving the fiber holding ribs 50 of the
plug housing 33 when coupled with the lower spring cap
35.

[0054) Next, a detailed assembly process of the
above optical plug 31 is described.

[0055] A process has a fiber terminal end treatment
step, & ferrule assembly accommuadation step and first
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[0056] First, the ferrule assemblies 32 are formed in
the fiber terminal end treatment step (cf FIG.1 and
FIG.2). That is, the compression springs 40 are put over
the opiical fiber cabies 37,38, and the ferrules 39 are
connected to the ends of the optical tiber cables 37,38
S0 ag {0 form the ferrule assemblies 32.

[0057] And, the above ferrule assemblies 32 are
accommeodated in the accommodating chambers 47 of
the plug housing 33 in the ferrule assembly accommo-
dation step (cof. FIG.1 or FIG.3).

[o058]) Following the abowve, the first spring cap
assembly step is carried out, wherein the lower spring
cap 35 is to be engaged to the rear of the piug housing
33 (cf. FIG.2 and FIG.3). Mare specificaily, after the opti-
cal fiber cables 37,38 being led out of the plug housing
33 straightly in an axial direction of each ferrute 39 have
been accommodated in the straight path, and the lower
spring cap 35 is to be engaged to the rear of the plug
housing 33.

{0059] In this state, the guide ribs 49 of the plug
housing 33 slide the guide rib engaging portions 56 of
the lower spring cap 35, and, the engaging projections
51 of the plug heusing engage the holes 58 of the lower
spring cap 35 (cf. FIG.3),

[0060] After completion of the first spring cap
assernbly siep, the second spring cap assembly step
starts (cf. FIG.3). in the second spring cap assembly
step, the optical fiber cables 37,38 being in the straight
path are curved along the curvad path.

[0061] The curved optical fiber cables 37,38 are
prevented from restoring by the sidewall 60.

[0062] And then, the third spring cap assembly step
is camried out (cf. FIG.3 and FIG.4) in this step, the
upper spring cap 36 is to be coupled to the lower spring
cap 35. The guide grooves 70 of the upper spring cap
36 are guided to the respective ribs 66 of the lower
spring cap 35, and, the holes 69 of the upper spring cap
36 engages the respective engaging projections 65 of
the lower spring cap 35.

[0063] The assembly of the optical piug 31 com-
pletes as described above.

[0064] As described with referring to FIGS.1-9,
because the optical connector according to the present
embaodiment has the optical plug 31 with the optical fiber
cables 37,38 which have respective thinner curved por-
tions, the work efficiency is enhanced, a downsizing is
achieved, and a force required for coupling the optical
plug 31 with a receptacie (not illustrated) is smaller.
[0065] The present invention is also applicable to
an optical connector far a single opticat fiber cable
duplex transmission system.

[oo66) Although the present invention has been
fully described by way of exarmples whh reference 1o the
accompanying drawings, it is to be noted that various
changes and modifications will be apparent to those
skitled in the art. Therefore, uniess otherwise such
changes and modifications depart from the scope of the
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prasent invention, they should ba construed as being
included therein.

Cliaims

1. An optical connector as an optical plug, comprising:

an optical fiber cable;

a ferrule connected to an end of the opticat
fiber cable and constructing a ferrule assembly
along with the optical fiber cable;

a spring aranged over the optical fiber cable,
an end of the spring pressing the ferrule;

a piug housing to accommodate the ferrule
assembly and the spring, and

a spring cap to be connected to the plug hous-
ing for supporting another end of the spring
and for curvingly leading the opticai fiber cable,
wherein a curved portion, provided inside the
spring cap, of the optical fiber cable has a thin-
ner cover than another portion,

2. The optical connector as set forth in claim 1,
wherein

the curved portion starts from a positlon of an
end of the ferrule.

3. The coptical connecter as set forth in claim 2,
wherein

«EP

the curved portion ends near an exit opening
portion of the spring cap.
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(54) Optical/electrical jack receptacle

(57) An optical cable tracing system is constructed
using an optical/electrical (hybrid) cable (10) containing
both optical and electrical transmission media. This ca-
ble provides desirably high bandwidth via optical fibers
(15,210) while connection accuracy is provided via elec-
trical wires (13,220), which are used to operate indicator
lights (941) at one or both ends of the cable. A hybrid
plug connector (300) terminates the cable at each end
and includes a dielectric housing (20,30) that encloses
the opticalfiber (glass or plastic), which extends through
a front opening (21) in the housing. A single cantilever
latch (22) is mounted on a top-side of the housing that
is adapted to engage a mating jack receptacle (440) in

NN/

alocking relationship. A conductor-holding apparatus is
molded into the bottom side of the housing where it
holds a number of insulated electrical conductors and
metallic blade terminals (36) that pierce the insulation
and make electrical contact with each of the conductors.
The mating jack receptacle (440,640,840) includes a
row of spaced wire springs (449) at the entrance of the
optical connecting portion of the receptacle. The wire
springs (649) either extend to an opposite side of the
receptacle to provide electrical interconnection between
a pair of hybrid plug connectors, or the wire springs are
arrayed to fit into a printed wiring board (710) for inter-
connection with electrical circuitry (730) thereon.
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Description

Technical Field

[0001] This invention relates to optical connectors
and, more particularly, to optical jacks that include elec-

trical connectors.

Background of the Invention

[0002] The growth in optical communications has
been fueled by the extraordinary bandwidth that is avail-
able on optical fiber. Such bandwidth enables thou-
sands of telephone conversations and television chan-
nels to be transmitted simultaneously over a hair-thin
fiber that is made from a high-quality glass material.
Nevertheless, bandwidth alone cannot satisfy some
very simple needs that are easily handled by electrical
cables. For example, electrical signals are the only prac-
tical way to interact with the existing communications
infrastructure (e.g., standard telephone equipment) or
even o operate a simple indicator lamp. And so it seems
likely that the most desirable cables will combine elec-
trical wires and optical fibers to enable designers to take
maximum advantage of the strengths of each media.
And while hybrid (i.e., electrical/optical) cables exist,
hardware for connecting such cables to other commu-
nication equipment is presently too large, too costly or
too cumbersome.

[0003] For example, patch panels are used to inter-
connect specific customers and equipment with other
specific customers and equipment, and it is imperative
that the connections be made accurately. One system
is shown in U.S. Patent 5,394,503, which discloses an
optical fiber patch cable having end connectors that are
arranged to operatively connect with patch panel cou-
plings. Each patch cable includes one or more optical
fibers and one or more electrical conductors. However,
these end connectors and couplings are relatively bulky
with large cross-section areas, each having many indi-
vidual parts that do notyield to machine assembly. Con-
sequently, they are neither space nor cost effective.
Space is at a premium in such patch panels and an op-
tical/electrical connector arrangement having a small
footprint (i.e., cross-section area) is desirable, as is the
ability to easily insert and remove closely spaced con-
nectors in the patch panel.

[0004] Other hybrid jack receptacles are known in the
art and shown in: U.S. Patent 5,109,452; U.S. Patent
5,159,651; U.S. Patent 5,473,715 and U.S. Patent
5,745,622, However, none of these receptacles pro-
vides the desired cost and space effectiveness. Some
receptacles have multiple latches while others require
twisting, which means that additional separation be-
tween connectors is required so that an installer's fin-
gers can be positioned on both sides of the connector
during installation and removal.

[0005] Another deficiency associated with known hy-
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brid connectors is that too much effort is required align
the plug connector with the jack receptacle during instal-
lation because both electrical and optical connections
need to be simultaneously engaged. This is the natural
result of attempting to align a large number of connec-
tions at the same time.

[0006] Accordingly, what is desired is a jack recepta-
cle for receiving a plug connector containing optical and
electrical transmission media. Desirably, the receptacle
should have a relatively small cross-section area so that
it can be used in densely populated panels, be adapta-
ble for mounting on a printed wiring board. Moreover, it
should facilitate alignment with the plug connector dur-
ing installation.

Summary of the Invention

[0007] The above-described deficiencies are over-
come by a jack receptacle for receiving a plug connector
containing an optical fiber and at least one electrical
wire. The receptacle includes an optical port that is
formed by a cavity having a generally rectangular en-
trance at its front end that is shaped to receive the plug
connector. Aboss is located at the back end of the cavity
along its central axis for receiving an optical fiber, which
may be a glass fiber within a ferrule or a plastic fiber.
Finally, a retaining surface is molded into a top surface
of the cavity for holding the plug connector therein. Ad-
ditionally, the jack receptacle includes an electrical port
for making electrical contact with at least one metallic
terminal in the plug connector. The electrical port in-
cludes a conductor that is positioned substantially at a
bottom surface of the cavity at the entrance to the optical
port.

[0008] In illustrative embodiments of the invention,
the jack receptacle includes four conductors and is ar-
ranged to receive one optical fiber. The jack receptacle
illustratively includes a pair of back-to-back cavities that
are axially aligned with a circular opening that extends
between the cavities for the passage of optical signals.
[0009] In one illustrative embodiment, both cavities
are identical to each other in that they are designed to
receive identical plug connectors containing an optical
fiber and at least one electrical wire. In another illustra-
tive embodiment, one of the cavities contains a trans-
ducerforconverting optical signals into electrical signals
or vice versa.

[0010] In some illustrative embodiments, the conduc-
tors extend between the front ends of the back-to-back
cavities and are electrically connected to each other; in
other illustrative embodiments, the conductors are not
connected to each other, but rather extend away from
the jack receptacle to facilitate insertion into a printed
wiring board.

[0011] Advantageously, the length of each cavity in
the longitudinal direction is greater than the width of its
entrance, and this helps to align the plug connector prior
to electrical contact.
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Brief Description of the Drawing

[0012] The invention and its mode of operation will be
more clearly understood from the following detailed de-
scription when read with the appended drawing in
which:

FIG. 1 is a cross-section view of a cable containing
optical and electrical transmission media;

FIG. 2 shows an exploded perspective view of an
optical/electrical plug connector, demonstrating its
assembly and attachment to the cable shown in
FIG. 1;

FIG. 3 discloses a cross-section view of the optical/
electrical plug connector;

FIG. 4 is a back end perspective view of an optical/
electrical jack receptacle having a pair of side-by-
side openings for receiving a pair of optical/electri-
cal plug connectors;

FIG. 5 discloses one embodiment of the optical/
electrical jack receptacle in which electrical conduc-
tors extend continuously between the front and
back sides of the receptacle;

FIG. 6 discloses another embodiment of an optical/
electrical jack receptacle in which electrical conduc-
tors are arranged for mounting on a printed wiring
board,;

FIG. 7 is an exploded perspective view of a printed
wiring board containing various components thatfa-
cilitate the processing of optical and electrical sig-
nals;

FIG. 8 is a cross-section view of an optical trans-
ceiver that is arranged to transmit and/or receive
electrical and optical signals;

FIG. 9 discloses a patch panel that is used in mak-
ing optical interconnections;

FIG. 10 is an exploded perspective view of a portion
of the patch panel of FIG. 9 showing an optical/elec-
trical jack receptacle being installed into the panel;
FIG. 11 is a schematic of one embodiment of an
electrical circuit, which is associated with each jack
receptacle in the patch panel of FIG. 9;

FIG. 12 is a schematic of another embodiment of
an electrical circuit, which is associated with each
jack receptacle in the patch panel of FIG. 9; and
FIG. 13 discloses an optical/electrical plug connec-
tor inserted within the jack receptacle of FIG. 10,
the jack receptacle being shown in cross section af-
ter installation in the patch panel.

Detailed Description

[0013] The present invention solves a number of
problems that are related to the combination of electrical
and optical transmission media. As discussed above,
each of these different transmission media has its own
unique advantages and disadvantages, and neither one
is suited to handle the tasks the other performs effort-

10

15

20

25

30

35

40

45

50

55

lessly. For example, optical fibers are terrible conduc-
tors of electricity, even small amounts; whereas electri-
cal conductors do not approach the bandwidth that is
readily available on an optical fiber. Accordingly, cables
containing both optical and electrical transmission me-
dia have been developed to exploit the best features of
each. One such cable is shown in FIG. 1, which is a
cross-section view of a cable 10 that contains a buffered
optical fiber 15 and four insulated electrical conductors,
collectively designated by the numeral 13. These trans-
mission media are surrounded by a number of filamen-
tary (yarn-like) strength members 11 that are preferably
made from aramid fibers. The strength members 11 im-
part significant tensile strength to the cable 10 and pro-
tect the optical fiber from undue strain that may be ap-
plied to the cable during service and handling. Whereas
only one optical fiber and four electrical conductors are
shown, it is understood that the cable could contain any
number of optical fibers and electrical conductors with-
out departure from the invention.

[0014] Inthis example cable, the buffered optical fiber
15 comprises a glass fiber 17 (diameter about 125 mi-
crons) having one or more layers of protective coating
material (overall diameter now about 250 microns) and
a layer of a polymeric material 16 such as nylon (overall
diameter now about 1 millimeter) to buffer the optical
fiber. Alternatively, buffered optical fiber 15 could be a
plastic fiber whose diameter is also about 1 millimeter.
In this situation, there is no need for a cylindrical ferrule
to support the fiber and there is no need for strength
member in the cable. Nevertheless, in the illustrative ca-
ble 10, the electrical conductors 13 comprise 26 gauge
copper wire surrounded by a layer of polyvinylidine flu-
oride insulaticn. Finally, the cable 10 includes an outer
jacket 12 comprising polyvinyl chlcride (PVC). Because
this particular cable is for use within a building, the PVC
is blended with filler materials that render it flame retard-
ant.

Optical/Electrical Plug Connector

[0015] Cable 10 is shown connected to a novel opti-
cal/electrical (hybrid) plug connector in FIGS. 2 and 3.
The plug connector comprises a two-piece housing
structure 20, 30 although it is clear that the housing
could be constructed as a unipartite structure similar to
the one shown in US-A-6206581.

[0016] A front opening 21 in housing structure 20 ex-
tends into a cavity that encloses a fiber-holding structure
comprising a cylindrical ferrule 40 and a base member
42, which is generally referred to as a "barrel." An axial
passageway 41 extends through the ferrule and is sized
to receive an end portion of a glass fiber 17 after its pro-
tective coating and buffer layer 16 have been removed.
The glass fiber 17 is held within the axial passageway
41 by an adhesive, and the buffer layer 16 is held within
a bore 47 in the back end of barrel 42. lllustratively, the
ferrule comprises a ceramic material such as zirconium
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and it is held within a cylindrical opening in barrel 42,
which is typically made from metal or plastic and in-
cludes an axial bore in its front end that is shaped to
receive and hold an end portion of the cylindrical ferrule
40. A plastic tube 46 surrounds the back end of the bar-
rel 42, and both are encircled by a helical spring member
45. One end of the spring presses against a flange 43
on the barrel while the other end presses against a stop
within an opening 31 in housing structure 30 in order to
urge the front end of the ferrule 40 through the opening
21 in the housing member 20.

[0017] The first housing structure 20 includes a single
cantilever latch 22 on its top side that is designed to in-
terlock with a mating jack receptacle 440 (see FIGS. 4
and 5). The cantilever has a fixed end 24, which is po-
sitioned toward the front opening 21 in the housing
structure 20, and a free end that extends toward the
back of the housing structure. The cantilever deflects
downwardly so that a pair of shoulders 23 - 23 can enter
the jack receptacle 440 and interlock with a ledge 441
or 442 therein (see FIG. 5).

[0018] The second housing structure 30 includes a
forward projection 33 that fits into an opening in the back
end of housing structure 20. These two housing struc-
tures 20, 30 conveniently interlock via a wedge-shaped
tab 39 on housing structure 30 and a mating slot 29 in
housing structure 20. An opening 31 in the forward pro-
jection 33 extends axially and completely through the
housing structure 30 as well as through a cylindrical,
metallic crimp tube 35, which is insert-molded into the
back end of housing structure 30.

[0019] Housing structure 30 further includes a canti-
levertrigger 32 on its top side that is designedto interact
with cantilever latch 22 on housing structure 20. The
cantilever trigger 32 has a fixed end that is positioned
toward the back end of the housing structure 30 and a
free end that extends toward the front of the housing
structure 30. The free end of the trigger 32 is designed
to slidably engage and deflect the free end of latch 22
downwardly when it is depressed. Advantageously, the
trigger 32 not only keeps the two-piece housing struc-
ture 20, 30 from snagging other cables when pulled in
a backward direction through a bundle of cords, but also
renders the latch 22 easier to operate.

[0020] During assembly, the bend-limiting device 18,
the heat-shrink tube 19, and metallic crimp sleeve 34
are fed onto the unstripped cable 10. Appropriate
lengths of various cable components are then removed.
These components illustratively include: cable jacket
12; buffer layer 16; the protective coating on glass fiber
17; and the aramid strength members 11. Adhesive is
then injected with a syringe into bores 41 and 47. The
insulated conductors are withdrawn from the metallic
crimp sleeve 34 and the remainder of cable 10 is insert-
ed into the connector 300 so that the glass fiber 17 re-
sides within axial passageway 41 of the ferrule 40, and
the buffer layer 16 resides within bore 47 of barrel 42,
The aramid strength members 11 are positicned over
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the outer surface of the crimp tube 35 and "sandwiched"
between the crimp tube 35 and the crimp sleeve 34 - the
latter being deformed by a tool that firmly joins them to-
gether. In addition to friction, grooves are provided on
the outer surface of the crimp tube 35 to improve the
mechanical connection between the strength members
11 and the crimp tube.

[0021] Electrical conductors 13 are then routed
around the crimp sleeve 34 and into the bottom-side por-
tion of housing 30, which is designed to operate as an
electrical plug. A number of slots 37 are adapted to re-
ceive a like number of conductive terminal blades 36
that are shaped to pierce the insulation on the electrical
conductors 13. The blades 36 are pressed upwardly into
the bottom-side portion of housing 30 in orderto engage
each insulated conductor 13. After the crimp sleeve 34
has been deformed onto the crimp tube 35 and the elec-
trical conductors 13 have been installed, a length of
heat-shrink tubing 19 is moved forward to encircle at
least a portion of the crimp sleeve 34. The heat-shrink
tubing is then heated to hold the outer jacket 12 (see
FIG. 1) and the conductors 13 against the crimp sleeve.
A bend-limiting device 18 is finally pushed forward to
meet the back end of housing 30 in order to increase
the bending radius of the cable 10 at this point. Sharp
bends increase the transmission loss of an optical fiber.
Itis noted that the length of the shrink tubing 19 is some-
what longer than the bend-limiting device 18, and that it
operates to provide additional rigidity to the cable in the
region at the rear of the bend limiting device 18 where
severe bending first occurs at light loads.

[0022] FIG. 3 provides a cross-section view of the op-
tical/electrical plug connector 300 after assembly to the
cable 10. Of particular interest in FIG. 3 is the design of
the electrical connecting device on the bottom-side por-
tion of housing structure 30. lllustratively, the electrical
conductors 13 are formed as a flat cord, which is held
in the bottorm side portion of housing 30 by an integrally
formed anchor member 38. The anchor member is
shaped to provide strain relief to the conductors 13 and
to interlock with an adjacent portion of the housing struc-
ture 30 after it is pressed toward the cord. The design
of insulation-piercing blades 36, blade-receiving slots
37, and anchor member 38 are disclosed in U.S. Patent
3,954,320.

[0023] Advantageously, the structure of the above-
described optical/electrical (hybrid) plug connector 300
is substantially similar to existing LC-type connector
plugs such as disclosed in U.S. Patent 5,638,474. Con-
sequently, it is backward compatible with existing optical
jack receptacles such as shown U.S. Patent 5,647,043.
Nevertheless, such existing optical receptacles are
modified as shown in FIG. 4, herein, to provide electrical
connections. However, unlike many prior art hybrid con-
nectors, the addition of electrical connections does not
increase the effort required to align the connections dur-
ing installation. Before the electrical contacts 36 in plug
connector 300 (see FIG. 3) make contact with wire
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springs 449 in the jack receptacle 440, the front end of
the plug connector is already installed into the jack re-
ceptacle 440 and is guiding the electrical contacts into
alignment. This is accomplished by locating the electri-
cal contacts 36 well behind the front end of the plug con-
nector (i.e., by an amount that exceeds twenty percent
of the overall length of the housing structure). Moreover,
the design of plug connector 300 avoids the use of latch-
ing AppAaratus on opposite sides and avoids the need for
the installer to grasp both sides of the plug connector to
twist it into engagement with a jack receptacle. As a re-
sult, and as shown in FIG. 4, cavities 443 in the jack
receptacle 440 for receiving optical plugs can be closely
spaced, side by side, to receive the plug connectors in
a dense array.

Optical/Electrical Jack Receptacle

[0024] Although jack receptacle 440 includes front-
end and back-end portions, both of which comprise jack
receptacles, it is molded as a single part as shown in
FIGS. 4 and 5. The front-end and back-end portions
meet at an optical plane 402 where the ferrules of optical
plugs meet. Each cavity 443 is shaped to receive an op-
tical plug such as the LC type discussed above, and
each cavity includes a generally square entrance for re-
ceiving an optical plug. Above the generally square en-
trance is another entrance for receiving the latch on the
optical plug. The length of the cavity in the longitudinal
direction is greater than the width of the generally
square entrance, and this operates to align the plug con-
nector 300 prior to electrical contact (see FIG. 13 for
example). Acommon longitudinal axis 401-401 extends
through cavities that are positioned back-to-back with
bosses 444, 445 projecting into each cavity. lllustrative-
ly, the boss 445 includes a flexible bifurcation 446 that
enables an alignment sleeve 447 to be installed without
damage to the boss 445. The alignment sleeve 447 in-
cludes a slit 448 along its length so that it can be made
with a slightly smaller diameter than the ferrules it will
ultimately surround and hold in axial alignment. Bosses
444, 445 surround and capture the alignment sleeve
447, which extends through the optical plane 402 where
the end faces of a pair of optical plugs touch each other.
Moreover, the alignment sleeve 447 has a central axis
that is collinear with the longitudinal axis 401-401 that
extends between pairs of back-to-back cavities. Each
cavity further includes internal latching surfaces 441,
442 for interlocking with the shoulders 23 on the latch
22 of plug connector 300 (see FIG. 2). Such internal
latching surfaces are formed during the molding process
by cores in the mold tool that create and extend through
holes 450 in the top surface of the jack receptacle 440.
FIG. 5 demonstrates that the wire springs 449 extend
between opposite sides of the receptacle 440 in order
to electrically interconnect a pair of plug connectors 300
that are installed on opposite sides of the optical plane
402. Preferably, the wires 449 are crossed, left-to-right,
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as they extend between opposite sides of the receptacle
440 so that the left-side contact of a plug connector 300
installed in one side of receptacle 440 will be connected
to the left-side contact of another plug connector 300
installed in the opposite side of receptacle 440. The
wires 449 may be molded into the body of the jack re-
ceptacle 440 or may be laid into grooves in its bottom
side as discussed below in connection with FIG. 10.
[0025] FIG. 6 discloses another embodiment of A jack
receptacle 640 which is designed for mounting on a
printed wiring board 710 (PWB) such as shown in FIG.
7. Here, wire springs 648, 649 are bent downward for
PWB insertion. Conductive paths 730 on the PWB 710
make connections between the wire springs 648, 649
themselves, and between these wire springs and any
other component 750, 840 on the PWB. lllustratively,
PWB 710 includes an integrated circuit 750, which proc-
esses electrical signals and exchanges them with opti-
cal device 840 where conversion between electrical and
optical signals is made. FIG. 7 illustrates that the jack
receptacles of the present invention (e.g., receptacle
640) are compatible with existing optical plugs. For ex-
ample, optical plug 100 is a known device that is dis-
closed in U.S. Patent 5,719,977. Here, plug 100 termi-
nates a buffered optical cable 210 that contains no elec-
trical wires. FIG. 7 further illustrates that optical/electri-
cal plug connectors of the present invention (e.g., con-
nector 200) may be constructed without a trigger mem-
ber 32 such as shown in FIG. 2 to operate latch 22; and
that optical/electrical plug connectors of the present in-
vention may terminate a pair of separate cables, one
buffered cable 210 containing optical fibers exclusively
and the other cable 220 containing electrical wires ex-
clusively.

[0026] Reference is now made to FIG. 8 for a cross-
section view of optical device 840, which includes a
front-end portion 810 and a back-end portion 820 that
are separated at the optical plane 802-802 where the
end face of a ferrule of an optical plug installed within
cavity 830 effectively resides against a stop 822 having
an opening 823, which is between 0.3 - 0.5 millimeters
in diameter. Cavity 830 comprises a generally rectangu-
lar opening thatis shaped to receive an optical plug such
as the LC type. A longitudinal axis 801-801 extends
through cavity 830 and boss 821, which supports the
ferrule of the optical plug. The central axis of the boss
821 is collinear with the longitudinal axis 801-801. Illus-
tratively, an electrical-to-optical transducer 850, such as
a detector or semiconductor laser, is mounted in the
back-end portion 820 of the optical device 840. It is po-
sitioned to collect or emit light respectively along the
central axis 801-801. Because bidirectional optical
transmission is desirable, optical device 840 generally
comprises a pair of side-by-side receptacles as shown
in FIG. 7: one for transmitting optical signals via a fiber
stub (not shown) and the other for receiving optical sig-
nals. Extending downwardly from the optical device 840
are pins 845 that are attached to the transducer 850,
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and wire springs 849 that make electrical connection to
an optical/electrical plug connector such plug connector
300 (see FIG. 2).

Optical Cable Tracing System

[0027] FIG. 9illustrates a cable tracing system for op-
tical fibers that use the above-described optical/electri-
cal plug connector and the above-described optical/
electrical jack connector. A hybrid cable provides desir-
ably high bandwidth via optical fibers while connection
accuracy is provided via electrical wires, which are used
to operate indicator lights at one or both ends of the ca-
ble. In particular, the proposed system provides an in-
tuitive technique for determining the physical location of
two ends of a fiber optic jumper that is used to complete
a cross-connection on afiber distribution frame. Discon-
necting the wrong jumper cable would interrupt service
on another fiber path, and this makes proper identifica-
tion of jumper cables critical. The present system solves
the problem of the significant revenue loss and custom-
er dissatisfaction that is attributable to service disrup-
tions caused by improper path disconnection. This is of
extraordinary importance in an optical fiber system
where a single fiber may be carrying thousands of tele-
phone conversations and television channels.

[0028] FIG. 9 discloses an optical fiber cross-connec-
tion panel 90 (generally referred to as a patch panel)
that contains a humber of optical receptacles 940 that
need to be interconnected to provide, maintain, and re-
arrange service. Pairs of receptacles are interconnected
by a jumper cable 10 that contains at least one optical
fiber. Although FIG. 9 shows interconnections between
receptacles on the same patch panel 90 for ease of il-
lustrating the invention, it is understood that the ability
to identify opposite ends of a jumper cable is even more
valuable when the cable extends between a pair of
patch panels that are separated by a significant distance
such as between floors of a building. Each end of the
cable 10 terminates in an optical plug that inserts into
an optical jack 940. The present invention provides the
ability to quickly and accurately identify opposite ends
of an optical cable by adding at least one electrical wire
to the path of the optical cable. This is preferably accom-
plished by using a cable of the type shown in FIGS. 1
and 2, which contains both optical and electrical trans-
mission media. Mocreover, this is preferably accom-
plished by terminating each end of the cable 10 with an
optical/electrical plug connector of the type shown in
FIGS. 2 and 3. A cable having connectors at each end
is generally known as a "jumper." Finally, this is prefer-
ably accomplished by using optical/electrical jack recep-
tacles of the type disclosed in FIGS. 4-6, although a de-
signfor an optical/electrical jack receptacle that is better
suited for use in a cable tracing system is shown in FIG.
10. With continuing reference to FIG. 9, it is noted that
an indicator light 941 is positioned above each recepta-
cle 940. This light 941 may either be part of the recep-
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tacle 940 or it may be a separate light that mounts di-
rectly to the panel 90. It is also noted that a switch 93 is
positioned on the top side of each receptacle 940. Each
end of the cable 10 is inserted into a receptacle 940.
One end is installed into the receptacle at location 901
while the other end is installed into the receptacle at lo-
cation 902. Cable tracing is achieved by operating the
switch 93 at location 901, which causes the light 941 at
location 902 to glow. Alternatively, operating the switch
at location 902 causes the light at location 901 to glow.
In another embodiment of the invention, operating the
switch 93 at either end of the cable causes the lights
941 at both ends to glow. Apparatus for achieving such
results is described below.

[0029] FIG. 10 is an exploded perspective view of a
portion of the patch panel 90 shown in FIG. 9 to illustrate
the installation of a jack receptacle 940 into the panel.
The jack receptacle 940 is suitable for receiving a plug
connector, such as shown in FIG. 3 that delivers optical
and electrical signals to the panel as discussed above.
Electrical connection to the jack receptacle 940 is made
via conductive elements 949 that are positioned in
grooves 946, which are molded into the bottem side of
receptacle 940. The conductive elements 949 protrude
from the receptacle to facilitate installation into plated-
thru holes 914 (sometimes referred to as "vias") in the
panel 90, which illustratively comprises a printed wiring
board. The conductive elements 949 also wrap around
a protrusion 942 at the front end of the receptacle and
function as spring contacts for making electrical connec-
tion to mating terminals in the plug connector. lllustra-
tively, the conductive elements are stamped from 0.015
inch (0.38 millimeter) metal stock and gold plated in the
region of the protrusion 942. The conductive elements
are fabricated together as a unit, which is known as a
"lead frame" and which is positioned into the grocves
946 of the receptacle. Because a portion of the lead
frame is used as a spring contact, the entire lead frame
is made from a resilient metal such a berylliumcopper,
although a variety of other metal alloys can be used with
similar results. The receptacle 940 is illustratively made
from a thermoplastic material such as polycarbonate.
Once the lead frame is installed, heat is applied to the
grooves 946 to deform them and, thereby, lock the con-
ductive elements 949 in place.

[0030] The receptacle 940 further includes a lamp
member 941, illustratively a light-emitting diode (LED),
that is activated by the application of a small voltage on-
to a wire pair 948-948. LED 941 and its associated wire
pair are molded into the receptacle 940. Wire pair
948-948 protrude from the receptacle to facilitate instal-
lation into vias 912. And while it is convenient to have
the lamp 941 molded into receptacle 940, it is under-
stood that the light can be separately installed in panel
90 to provide the desired visual indication.

[0031] [lllustratively, switch 93 is a single pole single
throw (SPST) switch that is installed in panel 90 adja-
cent to an opening 94, which is shaped to receive the
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receptacle 940. Preferably, the switch 93 includes a
springmember that causes it to returnto its original state
when released. FIG. 11 and 12 illustrate two different
arrangements for interconnecting the lights and switch-
es at each location 901, 901 (see FIG. 9).

[0032] Inone embodiment, the electrical circuitshown
in FIG. 11 is installed at each location 901, 902 when it
is desirable to only cause the light at the far end of the
cable (e.g., location 902) to glow when the switch 93 at
the nearend of the cable (e.g., location 901) is operated.
Switch 93 is shown in its normal state whereby one volt-
age (zero volts or "ground") is present at terminal 114
via light emitting diode (LED) 941 and current-limiting
resistor 112, At location 901, terminal 114 is connected
to one of the wires 949 on the jack receptacle 940 (see
FIG. 10) via wiring paths on panel 90, which illustratively
comprises a printed wiring board. An optical/electrical
plug connector 300 (see FIGS. 2, 3) is inserted into the
jack receptacle 940 at location 901 and carries the
ground voltage to location 902 where it is connected to
an electrical circuit that is similar to the one shown in
FIG. 11. The overall circuit now comprises an LED 941,
a resistor 112 and a switch 93 at each end of a series
connection between identical voltages (grounds). How-
ever, when the switch at one end is depressed, another
voltage (+V) is applied to the circuit causing the LED at
the other end to glow. This is because switch 93 is ar-
ranged to complete an electrical path from ground
through only one of the LEDs to +V.

[0033] In another embodiment, the electrical circuit
shown in FIG. 12 is installed at each location 901, 902
when it is desirable to cause the lights at the both ends
of the cable (e.g.. locations 801 and 902) to glow when
the switch 93 at either location is operated. Switch 93 is
shown in its normal state whereby one voltage {ground)
is present on terminal 114 through light emitting diode
(LED) 941 and current-limiting resistor 112. At location
901, terminal 114 is connected to one of the wires 949
on the jack receptacle 940 (see FIG. 10) via wiring paths
on panel 90, which illustratively comprises a printed wir-
ing board. An optical/electrical plug connector 300 (see
FIGS. 2, 3) is inserted into the jack receptacle 940 at
location 901 and carries the ground voltage to location
902 where it is connected to an electrical circuit that is
similar to the one shown in FIG. 12. The overall circuit
now comprises an LED 941, a resistor 112 and a switch
93 at each end of a series connection between identical
voltages (grounds). When the switch at one end is de-
pressed, the LED at both ends will glow. This is because
switch 93 is arrangedto complete an electrical path from
ground through both LEDs to +V.

[0034] Ineither of the above-described embodiments,
the connection of one end of the jumper cable to the
receptacle 940 in the patch panel S0 is illustrated in FIG.
13. In the preferred embodiment, LED 941 is molded
into the receptacle 940 itself, and the wire pair 948 that
conducts electrical current to the LED is installed in the
panel. Electrical conducters 949 within the receptacle
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communicate electrical signals between the panel and
the metallic blades 38 in the optical/electrical plug con-
nector 300. For completeness, it is noted that terminal
114 of the circuit shown in FIG. 11 or 12 is electrically
joined to one of the conductors 849. Optical signals are
communicated between plug connector 300 and anoth-
er plug connector (not shown) that installs into opening
943 of the jack receptacle 940. This other plug connec-
tor includes an optical fiber that extends into a boss 945
that is designed to receive the optical fiber and provide
alignment with the optical fiber contained in plug con-
nector 300.

[0035] Although various particular embodiments of
the present invention have been shown and described,
modifications are possible within the scope of the inven-
tion. These modifications include, but are not limited to:
the use of plastic optical fiber rather than glass fiber; the
use of a multi-fiber array rather than a single optical fib-
er; the use of a single electrical conductor rather than
the plurality shown; the use of a light that is separately
mounted on the panel ratherthan an LED that is molded
into the jack receptacle; a plug connector having a one-
piece housing rather than the two-piece housing struc-
ture shown; and a jack receptacle comprising multiple
pieces rather than the one-piece structure shown.

Claims

1. Ajack receptacle [440, 640, 840, 940] for terminat-
ing optical and electrical transmission media com-
prising:

an optical port comprising a plurality of internal
surfaces that define a first cavity [443] that in-
cludes: (i) a generally rectangular entrance at
a front end of the cavity for receiving an optical
plug [300], (ii) a boss [445] for receiving an op-
tical fiber [15], said boss extending along a cen-
tral axis [401-401] of the cavity from a back end
of the cavity toward the front end thereof, and
(iii) a retaining surface [441] that is molded into
a top surface of the cavity for holding the optical
plug within the cavity,

CHARACTERIZED BY

an electrical port for making electrical contact
with at least one metallic terminal [36] on the
optical plug, said electrical port comprising a
conductor [449] at the entrance to the first cav-
ity, said conductor being positioned substantial-
ly at a bottom surface of the cavity.

2. The jack receptacle [440, 640, 840, 840] of claim 1
wherein the conductor [449, 649] comprises a wire

spring.
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The jack receptacle [640] of claim 1 wherein one
end of the conductor [649] is positioned to make
electrical contact with the metallic terminal [36] and
the other end of the conducter projects from the re-
ceptacle to facilitate insertion into a hole in a printed
wiring board [710].

The jack receptacle [440, 640, 840, 940] of claim 1
further including a second optical port comprising a
plurality of internal surfaces that define a second
cavity, which is positioned in a back-to-back rela-
tionship with the first cavity, wherein the boss [445]
within the first cavity includes a central opening that
extends intothe second cavity along the central axis
[401-401].

The jack receptacle [440] of claim 4 wherein the
second cavity includes:

(i) a generally rectangular entrance at a front end of
the second cavity for receiving a second optical
plug, (ii) a boss [444] for receiving an optical fiber,
said boss extending along a central axis [401-401]
of the second cavity from a back end toward the
front end thereof, and (iii) a retaining surface [442]
that is molded into a top surface of the cavity for
holding the second optical plug within the cavity.

The jack receptacle [440] of claim 5 furtherincluding
asecond electrical port for making electrical contact
with a metallic terminal [36], the second electrical
port comprising at least one conductor [449] at the
entrance to the second cavity, said conductor being
positioned substantially at a bottom surface of the
second cavity.

The jack receptacle [440] of claim 6 wherein the
conductors associated with the first and second
cavities are connected together electrically.

The jack receptacle [440] of claim 7 wherein the
electrical ports associated with the first and second
cavities each include a plurality of conductors [449],
and wherein the paths of the conductors are
crossed between the first and second cavities in or-
der to maintain identical left-to-right ordering of the
conductors at the entrance to each cavity.

The jack receptacle [840] of claim 4 wherein the
second cavity houses a transducer [850] for con-
verting electrical signals into optical signals for
transmission along the central axis [801-801] into
the first cavity.

The jack receptacle [840] of claim 9 wherein the
conductor(s)[849] associated with the first cavity
extend from the bottom side of the receptacle for
insertion into a mating hole(s) in a printed wiring
board[710], and wherein the transducer [850] in the
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second cavity includes a plurality of conductors
[845] that extend from the bottom side of the recep-
tacle for insertion into mating holes in the printed
wiring board.

The jack receptacle [840] of claim 4 wherein the
second cavity houses a transducer [850] for per-
forming optical-to-electrical conversion of optical
signals that propagate along the central axis
[801-801] from the first cavity into the second cavity.

The jack receptacle [840] of claim 11 wherein the
conductor(s) [849] associated with the first cavity
extend from the bottom side of the receptacle for
insertion into a mating hole(s) in a printed wiring
board [710], and wherein the transducer [850] in the
second cavity includes a plurality of conductors
[845] that extend from the bottom side of the recep-
tacle for insertion into mating holes in the printed
wiring board.

The jack receptacle [940] of claim 1 wherein a light
emitting diode [941] is molded into the receptacle
above the entrance to the first cavity.

The jack receptacle [940] of claim 1 wherein a plu-
rality of grooves [946] are formed in the bottom side
the receptacle for receiving the conductors [949]
and insulating them from each other.
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