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Description
PRIORITY APPLICATION

[0001] This application claims the benefit of priority of
U.S. Provisional Application Serial No. 63/421322 filed
on November 1, 2022, the content of which is relied upon
and incorporated herein by reference in its entirety.

FIELD

[0002] The presentdisclosure relates to the field of op-
tical hardware and fiber-optic apparatuses. In particular,
the technology of the disclosure relates to assemblies
for interconnecting or otherwise terminating optical fibers
and, more particularly, to adapters for mating multifiber
fiber-optic connectors with fiber-optic apparatuses.

BACKGROUND

[0003] Fiber-optic networks allow information to be
transmitted via optical signals transmitted through optical
fibers. Compared with traditional copper wiring, optical
fibers allow transmission over greater distances with sub-
stantially less signal loss, provide a greater bandwidth,
and do not suffer from electrical interference. Fiber-optic
networks are particularly useful when providing long-dis-
tance communication and high bandwidth, so called "su-
per-fast", broadband internet.

[0004] Typically, in a fiber-optic network a fiber optic
cable is run from the network operator to a consumer
premises (an outside plant, or OSP, cable). At the con-
sumer premises, this cable is then split into a number of
separate fiber-optic cables, each providing network con-
nections (inside plant, or ISP cables). Typically, this is
done using a fiber-optic splitter, also known as an optical
splitter or beam splitter.

[0005] The outputs of the beam splitters are typically
for supplying individual consumer premises. For exam-
ple, in this manner a fiber-optic broadband provider may
lay a single fiber-optic cable to service a group of houses
orbusiness on aroad or to service a block of apartments.
This cable may terminate in a street cabinet or wall ter-
minal where the cable is splitinto a number of consumer
fibers for servicing each individual house, business or
apartment.

[0006] To provide flexibility, for example because the
number of premises subscribed to the fiber-optic broad-
band provider may change, the output fibers of the beam
splitter are usually connected to the consumer fibers via
fiber-optic connectors or connector adapters. Many
standard connector types exist, such as SC, LC, and
MPO connectors. These connections also occur within
a fiber-optic closure such as a street cabinet or wall ter-
minal, and allow an engineer to quickly connect or dis-
connect individual consumer fibers with the fiber-optic
network.

[0007] These fiber-optic closures typically include one
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or more ports in which the individual optical fibers of a
fiber-optic cable that extends outside of the closure are
connected to respective optical fibers within the closure.
The optical fibers within the closure can then be inter-
connected or otherwise terminated as desired. Each side
of a port of a fiber-optic closure is typically designed to
receive only one type of fiber-optic connector. In order
to mate with an outer side of a port of the closure, a fiber-
optic plug type connector is typically mounted to the end
of the incoming fiber-optic cable. The optical fibers within
the closure typically extend from a cable or other fiber
housing that extends into or is located inside the closure
to facilitate splicing or other interconnection or termina-
tion of the optical fibers. A further connector is typically
mounted to the end of the cable or other fibers that are
housed within the closure to mate to the inner side of the
port. Conventionally, ports include a port housing defin-
ing alignment features for grossly aligning the two con-
nectors to be mated. The port is designed to receive a
pair of ferrules, each of which is mounted upon the end
portions of a plurality of optical fibers. The ferrules enable
precise alignment and optical connection of the optical
fibers. One of the ferrules is attached to the end of optical
fibers located inside the closure. The other ferrule is
mounted upon the optical fibers of the fiber-optic cable
that extends outside of the closure. The ferrules may
have ferrule guide pins or other alignment means which
enable precise alignment of the optical fibers mounted
on the end faces of each ferrule.

[0008] While adapters that connect connectors of the
same type are generally well known, adapters for dissim-
ilar connectors typically require a more complex design.
These adapters for dissimilar connectors should protect
the mating connectors and optical fibers from adverse
environmental and mechanical influences, such as from
side loading, rotational and tensile forces. These external
influences can disadvantageously increase the attenua-
tion of the optical signals transmitted via the optical fibers
in a cable inserted in a port of a closure. If external forces
are sufficiently strong, the optical fibers may even be bro-
ken. Traditionally, the fiber optic cables upon which the
fiber optic plugs are mounted have been quite flexible
such that the plug ferrule has been subjected to only min-
imal amounts of torque. More recently, however, fiber
optic plugs are being installed upon fiber optic cables that
are much stiffer, such as the armored fiber optic cables
designed for outdoor applications. As a result of the in-
creased stiffness of these fiber optic cables, forces upon
the fiber optic cable are much more readily transmitted
to the plug ferrule, thereby imposing increased torque
upon the plug ferrule.

[0009] In would therefore be desirable to provide an
adapter for a port of a fiber optic closure that allows a
different type of connector to be received in the port of
the closure to the type of connector the port is designed
to receive. It would also be desirable to provide an adapt-
er thatenables proper alignment of dissimilar connectors
with an optically stable connection, whilst mitigating ex-
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ternal influences in order reduce or eliminate connector
interference problems.

SUMMARY OF INVENTION

[0010] Accordingtoafirstaspect, anadapterforafiber-
optic plug is provided, the adapter is configured to be
received in a port of a fiber-optic apparatus. The adapter
comprises: a first opening proximate a first end of the
adapter, the first opening configured to receive a multi-
fiber fiber optic connector; a second opening proximate
a second end of the adapter, the second opening con-
figured to receive a hardened multifiber connector; an
adapter body extending longitudinally between the first
end of the adapter and the second end of the adapter
and defining an internal cavity therethrough, the adapter
body comprising: a first engagement mechanism at the
first end of the adapter for engaging with the port of the
fiber-optic apparatus; a second engagement mechanism
between the first end of the adapter and the second end
of the adapter for engaging with the multifiber fiber optic
connector; a third engagement mechanism at the second
end ofthe adapter for engaging with a hardened multifiber
connector; a locating feature for locating the hardened
multifiber connector in the adapter; and an alignment
mechanism for aligning the adapter with the fiber-optic
apparatus.

[0011] This provides an adapter that allows dissimilar
connectors to be received in a port of a fiber-optic appa-
ratus. In other words, the adapter enables a connector
of a first type to be received in one side of the port of a
fiber-optic apparatus and a connector of a second type,
different to the first type, to be received in a second port
of a fiber-optic apparatus. The connector of the first type
may be a multifiber fiber-optic connector. The connector
of the second type may be a hardened multifiber connec-
tor. The adapter enables the engagement and mating of
two dissimilar connectors to form a stable fiber-optic con-
nection. In particular, the first engagement mechanism,
the second engagementmechanism, the locating feature
and the alignment mechanism enable the engagement,
and mating, of the two dissimilar connectors. In more
detail, the first engagement mechanism provides secure
engagement between the adapter and the port of the
fiber-optic apparatus. The first engagement mechanism
may also provide accurate location of the adapter relative
to the fiber-optic apparatus. The second engagement
mechanism provides secure engagement between the
adapter and the multifiber-fiber-optic connector. The sec-
ond engagement mechanism may also provide accurate
location of the adapter relative to the multifiber fiber-optic
connector. The third engagement mechanism provides
secure engagement between the adapter and the hard-
ened multifiber connector. The third engagement mech-
anism may also provide accurate location of the adapter
relative to the hardened multifiber connector. The locat-
ing feature provides further location between the adapter
and the hardened multifiber connector. The alignment
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mechanism provides a means for aligning the adapter
and the fiber-optic apparatus. This, in turn, facilitates the
proper alignment and mating of the ferrules of dissimilar
connectors. The adapter, and in particular the secure en-
gagement between the adapter and the connectors, also
advantageously mitigates external influences in order re-
duce or eliminate connector interference problems. The
external influences may include but are not limited to side
loading, rotational forces and tensile forces. The mitiga-
tion of these external influences also helps to protect the
delicate fiber optic components housed in each of the
dissimilar connectors, such as the optical fibers and fer-
rules housed in the connectors. The adapter has the fur-
ther advantage of modifying the port of a fiber-optic ap-
paratus to allow the port to receive types of connectors
that the port of the apparatus is not designed to receive.
Therefore, the adapter provides a cost effective and en-
vironmentally friendly solution to modifying a fiber-optic
apparatus to receive new or alternative types of fiber-
optic connectors to the connectors it is designed to re-
ceive as it prevents the need to replace the entire fiber-
optic apparatus.

[0012] Optionally, the adapter is configured to be re-
ceived in the port of the fiber-optic closure.

[0013] The adapter may therefore have the advantage
of modifying the port of the fiber-optic closure to allow
the port to receive types of connectors that the port of
the closure is not designed to receive. Therefore, the
adapter provides a cost effective solution to modifying a
fiber-optic apparatus to receive new or alternative types
of fiber-optic connectors as it prevents the need to re-
place the entire fiber-optic apparatus. The adapter may
be configured to be received only partially in the port of
the fiber-optic apparatus. The adapter may be configured
to be fully received in the port of the apparatus with the
exception of the first engagement mechanism. Alterna-
tively, the adapter may be configured to be fully received
in the port of the fiber-optic apparatus.

[0014] Optionally, the adapter is configured to be re-
ceived in a hexagonal port of a fiber-optic closure.
[0015] The hexagonal shape of the port may refer to
the cross section of the opening of the port. The adapter
may have a second opening which has a different shape
to the hexagonal shape of the port. This may advanta-
geously allow a fiber optic connector with an outer profile
which is not hexagonal to be received in the port of the
fiber-optic closure. By way of example only, the second
opening of the adapter may have a circular or rectangular
opening.

[0016] Optionally, the adapter is configured to be re-
ceived in a port of a BPEO (boite protection environmen-
tal optique) closure.

[0017] BPEO closures typically have hexagonal ports,
therefore, this arrangement has the advantage of allow-
ing a fiber optic connector with an outer profile which is
not hexagonal to be received in the port of the fiber-optic
closure. BPEO closures are a well-known type of closure
and are widely sold. Thus, this arrangement advanta-
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geously eliminates the need to replace the BPEO clo-
sures already in use. Therefore, the adapter provides a
more cost effective and environmentally friendly solution
which does not require the replacement and reconnec-
tion of BPEO closures already in use. The adapter may
be configured to be received in a size 0, size 1, size 1.5,
size 2 and/or size 3 BPEO closure.

[0018] Optionally, the first engagement mechanism is
a snap fit engagement mechanism.

[0019] Where the first engagement mechanism is a
snap fit engagement mechanism, the adapter may be
configured to snap into position in a port of a fiber-optic
apparatus such that the adapter is engaged with the port.
The snap fit engagement mechanism may operate by
way of snaps and corresponding features for engaging
with the snaps. Such a snap fit engagement mechanism
may advantageously provide a mechanism which can be
engaged and disengaged by an operator working on an
apparatus without the need for any specific tooling. This
can facilitate access for an operator carrying out routine
maintenance on the apparatus or the optical fibers
housed within either of the connectors and/or within the
fiber-optic apparatus. The snap fit engagement mecha-
nism may also provide accurate axial location of the
adapter relative to the apparatus along an axis passing
through the center of the internal cavity in the adapter.
The snap fit mechanism may also provide accurate lon-
gitudinal location of the adapter relative to the apparatus.
The snap fit engagement mechanism may require a user
to exert a certain force in order to insert the adapter into
the port of the apparatus to engage the snaps. The snap
fit engagement mechanism may only allow removal of
the adapter from the port of the fiber-optic apparatus
through the exertion of a sufficient force in an opposite
direction to disengage the snaps. The snap fit engage-
ment mechanism may also only be disengaged when an
operator actively disengages the snaps. Such an ar-
rangement prevents the adapter from becoming inad-
vertently removed from the port of the apparatus. The
snap fitengagement mechanism may provide secure en-
gagementwhich facilitates proper alignment between the
adapter and the port of the apparatus. This in turn can
help with the proper mating of the ferrules of two connec-
tors received in the adapter. The secure engagement of
the adapter in the port of the apparatus also advanta-
geously mitigates external influences in order to reduce
or eliminate connection interference problems.

[0020] Optionally, the second engagement mecha-
nism is a snap fit engagement mechanism.

[0021] Where the second engagement mechanism is
a snap fit engagement mechanism, the adapter may be
configured to allow a multifiber fiber-optic connector to
snap into position in the adapter such that the multifiber
fiber-optic connector is engaged with the adapter. The
snap fit engagement mechanism may operate by way of
snaps and corresponding features for engaging with the
snaps. Such a snap fit engagement mechanism may ad-
vantageously provide a mechanism which can be en-
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gaged and disengaged by an operator working on an
apparatus without the need for any specific tooling. This
can facilitate access for an operator carrying out routine
maintenance on the apparatus or the optical fibers
housed within the multifiber fiber-optic connector and/or
within the fiber-optic apparatus. The snap fitengagement
mechanism may also provide accurate axial location of
the multifiber fiber-optic connector relative to the adapter
along an axis passing through the center of the internal
cavity in the adapter. The snap fit mechanism may also
provide accurate longitudinal location of the adapter rel-
ative to the multifiber fiber-optic connector. The snap fit
engagement mechanism may require a user to exert a
certain force in order to insert the multifiber fiber-optic
connectorinto the adapterto engage the snaps. The snap
fit engagement mechanism may only allow removal of
the multifiber fiber-optic connector from the adapter
through the exertion of a sufficient force in an opposite
direction to disengage the snaps. The snap fit engage-
ment mechanism may also only be disengaged when an
operator actively disengages the snaps. Such an ar-
rangement prevents the multifiber fiber-optic connector
from becoming inadvertently removed from the adapter.
The snap fit engagement mechanism may provide se-
cure engagement which facilitates proper alignment be-
tween the multifiber fiber-optic connector and the adapt-
er. This in turn can help with the proper mating of the
ferrules of two connectors received in the adapter. The
secure engagement of the multifiber fiber-optic connec-
tor in the adapter also advantageously mitigates external
influences in order reduce or eliminate connection inter-
ference problems.

[0022] Optionally, the third engagement mechanismis
a threaded engagement mechanism.

[0023] Where the third engagement mechanism is a
threaded engagement mechanism, the adapter may be
configured to allow a hardened multifiber connector to
be threaded onto or into the adapter such that the hard-
ened multifiber connector is engaged with the adapter.
The threaded engagement mechanism may operate by
way of a male thread disposed on one of the hardened
multifiber connector or the adapter and a corresponding
female thread disposed in or on one of the hardened
multifiber connector or the adapter. Such a threaded en-
gagement mechanism may advantageously provide a
mechanism which can be engaged and disengaged by
an operator working on an apparatus without the need
for any specific tooling. This can facilitate access for an
operator carrying out routine maintenance on the appa-
ratus or the optical fibers housed within the multifiber
fiber-optic connector and/or within the fiber-optic appa-
ratus. The threaded engagement mechanism may also
provide accurate axial location of the multifiber fiber-optic
connector relative to the adapter along an axis passing
through the center of the internal cavity in the adapter.
Such an arrangement prevents the hardened multifiber
connector from becoming inadvertently removed from
the adapter. The threaded engagement mechanism may
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provide secure engagement which facilitates proper axial
alignment between the hardened multifiber connector
and the adapter. This in turn can help with the proper
mating of the ferrules of two connectors received in the
adapter. The secure engagement of the hardened mul-
tifiber connector in the adapter also advantageously mit-
igates external influences in order to reduce or eliminate
connection interference problems. The threaded en-
gagement mechanism also advantageously allows for
over travel of the hardened multifiber connector when
connected to the adapter. This over travel is useful for
ensuring proper mating of two ferrules. One or more re-
silient members, such as springs, arranged in the hard-
ened multifiber connector, the multifiber fiber-optic con-
nector and/or the adapter may compensate for this over
travel.

[0024] Optionally, the adapter further comprises a
shroud that extends beyond the first opening. The shroud
may be an extension of the body of the adapter. The
shroud may protect the multifiber fiber-optic connector
to preventdamage during handling, installation and prep-
aration for attachment to the adapter. The shroud may
help to ensure that the multifiber fiber-optic connector is
accurately aligned along the long fiber axis and may also
serve to bolster the rigidity of the portion of the adapter
retaining the connector. The shroud may also prevent
the ferrule of the hardened multifiber connector, when it
is pre- installed in the adapter from coming into contact
with any unwanted portions of the fiber-optic apparatus
or the multifiber fiber-optic connector.

[0025] Optionally, the shroud has a shape configured
to guide the multifiber fiber-optic connector into the first
opening. This may facilitate connection of the multifiber
fiber-optic connector during installation or routine main-
tenance. This may also advantageously reduce the like-
lihood of the ferrule of the hardened multifiber connector
becoming damaged as it may be less likely to come into
contact with components which are not configured to be
guided into the first opening of the adapter. By way of
example, the shroud may be generally cylindrical in
shape.

[0026] Optionally, the shroud comprises at least one
opening that extends longitudinally from at least a medial
portion of the shroud to the first end of the adapter. The
shroud may comprise a pair of openings on opposite
sides of the adapter which extend longitudinally from at
least a medial portion of the shroud to the first end of the
adapter.

[0027] Where the shroud is cylindrical and has a pair
of openings, the first end of the adapter includes a pair
of arcuate shroud portions separated by the openings.
The openings may allow space for the first engagement
mechanism of the adapter. In particular, the openings in
the shroud may provide space for the snaps of the adapt-
er which are configured to engage with the fiber-optic
apparatus.

[0028] Optionally, the alignment mechanism is an
adapter key configured to be received in a slot in the port
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of the fiber-optic apparatus.

[0029] The adapter key may advantageously only al-
low insertion of the adapter in a port of a fiber-optic ap-
paratus in a single rotational orientation. The adapter key
may advantageously allow keyed engagement between
the adapter and the fiber-optic apparatus. The adapter
key may also allow for exclusion of certain types of fiber-
optic apparatus such that the adapter can only be insert-
ed into certain fiber-optic apparatuses. In particular the
adapter key may allow the adapter to only be inserted in
fiber-optic apparatuses having a corresponding key slot.
Once the adapter key is engaged in a corresponding slot
of a fiber-optic apparatus, the adapter and the fiber-optic
apparatus may be capable of moving in a longitudinal
direction relative to one another but rotation of the adapt-
er relative to the fiber-optic apparatus may be prevented.
The adapter key may help to isolate and protect the fer-
rules of two dissimilar connectors received in the adapter
from torque on the connected fiber-optic cables. More
specifically, rotation of an adapter received in a port of a
fiber optic apparatus, in response to torque of one of the
cables extending from one of the two connectors may be
reduced or even eliminated.

[0030] Optionally, the alignment mechanism is a first
alignment mechanism and the adapter further comprises
a second alignment mechanism for aligning the multifiber
fiber-optic connector with respect to the adapter.

[0031] The second alignment mechanism may provide
a means for aligning the adapter and the multifiber fiber-
optic connector. This, in turn facilitates the proper align-
ment and mating of the ferrules of the multifiber fiber-
optic connector and the hardened fiber-optic connector.
[0032] Optionally, the second alignment mechanism is
a slot in the adapter configured to receive a key on the
multifiber fiber-optic connector.

[0033] The slotin the adapter may advantageously on-
ly allow insertion of the multifiber fiber-optic connector in
the adapter in a single rotational orientation. The slot in
the adapter may advantageously allow keyed engage-
ment between the adapter and the multifiber fiber-optic
connector. The slot in the adapter may also allow for ex-
clusion of certain types of connector such thatonly certain
types of connector can be inserted into the adapter. In
particular the slot in the adapter may only allow connec-
tors having a corresponding key to only be inserted in
the adapter. Once the slot in the adapter is engaged with
a corresponding key of a multifiber fiber-optic connector,
the connector and the adapter may be capable of moving
in a longitudinal direction relative to one another but ro-
tation of the adapter relative to the fiber-optic apparatus
may be prevented. The slot in the adapter may help to
isolate and protect the ferrules of two dissimilar connec-
tors received in the adapter from torque on the connected
fiber-optic cables. More specifically, rotation a multifiber
fiber-optic connector received in a port of an adapter, in
response to torque of one of the cables extending from
one of the two connectors may be reduced or even elim-
inated.
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[0034] Optionally, the adapterfurther comprises a third
alignment mechanism for aligning the hardened multifib-
er connector with respect to the adapter.

[0035] The third alignment mechanism may provide a
means for aligning the adapter and the hardened multi-
fiber connector. This in turn facilitates the proper align-
ment and mating of the ferrules of the multifiber fiber-
optic connector and the hardened fiber-optic connector.
[0036] Optionally, the adapter key is a first adapter key
and the third alignment mechanism is a second adapter
key comprised by the adapter and configured to be re-
ceived in a slot in the hardened multifiber connector.
[0037] The second adapter key may advantageously
only allow insertion of the hardened multifiber connector
in the adapter in a single rotational orientation. The sec-
ond adapter key may advantageously allow keyed en-
gagement between the adapter and the hardened multi-
fiber connector. The second adapter key may also allow
for exclusion of certain types of connector such that only
certain types of connector can be inserted into the adapt-
er. In particular the second adapter key may only allow
connectors having a corresponding slot to only be insert-
ed in the adapter. Once the second adapter key is en-
gaged with a corresponding slot of a hardened multifiber
connector, the connector and the adapter may be capa-
ble of moving in a longitudinal direction relative to one
another but rotation of the adapter relative to the fiber-
optic apparatus may be prevented. The second adapter
key may help to isolate and protect the ferrules of two
dissimilar connectors received in the adapter from torque
on the connected fiber-optic cables. More specifically,
rotation of a hardened multifiber connector received in a
port of an adapter, in response to torque on one of the
cables extending from one of the two connectors may be
reduced or even eliminated.

[0038] Optionally, the locating feature of the adapter
is a protrusion on the inner surface of the cavity of the
adapter.

[0039] Where the locating feature is a protrusion on
the inner surface of the cavity of the adapter, the adapter
may act as the fiber optic apparatus would to limit the
insertion of the hardened multifiber connector to ensure
thatthe ferrule therein is not damaged but to ensure prop-
er connection with the ferrule of the multifiber fiber-optic
connector.

[0040] Optionally, the adapter further comprises a first
seal configured to seal between the adapter and the fiber-
optic apparatus.

[0041] Where the adapter comprises a first seal, the
adapter may provide a watertight connection between
the adapter and the fiber-optic apparatus. The watertight
connection may prevent the ingress of water or other
debris which could damage components housed in the
fiber-optic apparatus.

[0042] Optionally, the first seal circumscribes the body
of the adapter.

[0043] This arrangement can advantageously enable
good sealing between the adapter and the fiber-optic ap-
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paratus. Providing the seal on an outer surface of the
adapter rather than in the port of the fiber-optic apparatus
can help to make routine maintenance operations easier
for an operator. This is because the seal can be more
easily replaced in case offailure. Additionally, the adapter
is intended to be replaced more often than a closure,
meaning thatthe seal is replaced more frequently. Where
the seal is provided as an integral part of the adapter
device, the operations needed to be made by an operator
assembling the device in the fiber-optic apparatus are
reduced.

[0044] Optionally, the adapter further comprises a sec-
ond seal configured to seal between the adapter and the
hardened multi-fiber connector.

[0045] Where the adapter comprises a second seal,
the adapter may provide a watertight connection between
the adapter and the hardened multifiber connector. The
watertight connection may prevent the ingress of water
or other debris which could damage the ferrule or the
fibers housed in the hardened connector.

[0046] The second seal may be configured to be re-
ceived in the second opening of the adapter.

[0047] This arrangement can advantageously enable
good sealing between the adapter and the hardened mul-
tifiber connector. Advantageously, where the seal is pro-
vided as an integral part of the adapter device, the oper-
ations needed to be made by an operator assembling
the hardened multifiber connector are reduced.

[0048] Optionally, the multifiber fiber-optic connector
is a multifiber push-on (MPO) connector.

[0049] Where the multifiber fiber-optic connector is an
MPO connector, the multifiber fiber-optic connector ad-
vantageously complies with intermateability standards
such as IEC 61754-7 and EIA/TIA-604-5, which ensure
that compliant connectors and adapters can be interma-
ted and meet a certain level of performance. In addition
to intermateability, MPO connectors also meet specific
end face geometry parameters defined by the IEX PAS
61755-3-31 standard, including angle of polish, fiber pro-
trusion height and maximum fiber height differential
across all fibers in the array and for adjacent fibers. This
is further advantageous since if the multifiber fiber-optic
connector does not meet these standards, i.e. if the fiber
height is exceeded and fibers in the array are not of equal
height, some fibers will not achieve proper mating, which
can seriously impact insertion loss and return loss of the
signal.

[0050] Optionally, the multifiber fiber-optic connector
is an MTP® connector.

[0051] Where the multifiber fiber-optic connector is an
MTP® connector, the multifiber fiber optic connector may
be fully compliant with MPO standards and engineered
with very tight tolerances for improved performance.
MTP® advantageously allow the use of ribbonized fiber
to achieve very high fiber density.

[0052] According to a second aspect, a fiber-optic ap-
paratus is provided, the fiber optic apparatus comprising
an adapter as described in relation to the first aspect.
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[0053] The second aspect may be implemented with
any of the features of the first aspect described above.
[0054] Additional features and advantages will be set
forth in the detailed description which follows, and in part
will be readily apparent to those skilled in the art from
that description or recognized by practicing the invention
as described herein, including the detailed description
that follows, the claims, as well as the appended draw-
ings.

[0055] It is to be understood that both the foregoing
general description and the following detailed description
present embodiments, and are intended to provide an
overview or framework for understanding the nature and
character of the disclosure. The accompanying drawings
are included to provide a further understanding, and are
incorporated into and constitute a part of this specifica-
tion. The drawings illustrate various embodiments, and
together with the description serve to explain the princi-
ples and operation of the concepts disclosed.

[0056] Asused herein,theterm’MPO connector’ refers
to an array connector comprised of more than two optical
fibers. MPO connectors are typically available with 8, 12,
24 fibers for common data centers and LAN applications.
However, other fiber counts are available such as 32, 48,
60 or even 72 fibers, but these are typically used for spe-
cialty super high-density multi-fiber arrays in large scale
optical switches.

[0057] As used herein, the term 'MTP® connector’ re-
fers to a registered trademark of US Conec and is a type
of commonly used MPO connector.

[0058] As used herein, the term 'hardened multifiber
connector’ refers to a connector which has a connector
body which strengthens the end of a fiber-optic cable.
Hardened multifiber connectors also typically have water
and dust resistant properties, are able to operate in a
wide range of temperatures, can withstand substantially
greater physical stresses than standard connectors and
can often have locking capabilities.

[0059] As used herein, the term 'BPEO closure’ refers
to a type of fiber-optic closure which is available in a
range of sizes that can be deployed above grade on a
pole or afacade or below grade ina manhole or handhole.
These closures can be used forfiber-to-the-home (FTTH)
deployments and any type of optical fiber cable deploy-
ment in the outside plant. The BPEO closures are very
versatile and can accommodate a wide range of fiber-
optic splice trays and offer flexible fiber management.
BPEO closures are also typically designed to be tool free.

BRIEF DESCRIPTION OF THE DRAWINGS

[0060]
Figure 1 illustrates a perspective view of an exem-
plary multifiber fiber-optic connector according to an

embodiment.

Figure 2 illustrates a perspective view of side cross
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section of an exemplary multifiber fiber-optic con-
nector according to an embodiment.

Figure 3 illustrates a perspective view of an exem-
plary hardened multifiber connector according to an
embodiment.

Figure 4 illustrates a perspective view of a side cross
section of an exemplary hardened multifiber connec-
tor according to an embodiment.

Figure 5 illustrates a perspective view of an exem-
plary adapter according to an embodiment with the
first seal not shown.

Figure 6 illustrates a perspective view of the firstend
of an exemplary adapter according to an embodi-
ment with the first seal not shown.

Figure 7 illustrates an end view of the second end
of an exemplary adapter according to an embodi-
ment.

Figure 8 illustrates a perspective view of a partially
sectioned exemplary assembly comprising an exem-
plary adapter, according to an embodiment, received
in a port of an exemplary fiber-optic apparatus, with
an exemplary multifiber fiber-optic connector re-
ceived in the first end of the adapter.

Figure 9 illustrates a side cross section of an exem-
plary assembly comprising an exemplary adapter
according to an embodiment, the adapter received
in an exemplary fiber-optic apparatus and having an
exemplary multifiber fiber-optic connector received
inthe first end of the adapter and an exemplary hard-
ened multifiber connector received in the second end
of the adapter.

DETAILED DESCRIPTION OF THE INVENTION

[0061] Reference will now be made in detail to certain
embodiments, examples of which are illustrated in the
accompanying drawings, in which some, but not all fea-
tures are shown. Indeed, embodiments disclosed herein
may be embodied in many different forms and should not
be construed as limited to the embodiments set forth
herein; rather, these embodiments are provided so that
this disclosure will satisfy applicable legal requirements.
Whenever possible, like reference numbers will be used
to refer to like components or parts.

[0062] Figure 1illustrates a perspective view of an ex-
emplary multifiber fiber-optic connector according to an
embodiment.

[0063] Referring to Figure 1, an example of a conven-
tional MPO connector. The MPO connector 10 is an ex-
ample of a connector that may be received in a first end
of an adapter according to the first aspect. The MPO
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connector 10 has a generally rectangular cross-section
and includes a multifiber ferrule 20 maintained within a
ferrule surround portion 12 positioned about ferrule 20.
It will be appreciated that the MPO connector may have
an alternative cross-section which matches the cross
section of an opening of the adapter. The MPO connector
10 further comprises a connector sleeve 14 engaged with
the ferrule surround portion 12 and defining a gripping
surface 16 . The gripping surface 16 may be useful for
pulling the sleeve 14 back to reveal the ferrule 20. The
gripping surface 16 may also be useful for removing the
MPO connector 10 from the adapter 100. The MPO con-
nector 10 further includes an MPO connector key 18 (the
key feature 18 may also be referred to as an ’exclusion
feature’ in some applications) that allows the MPO con-
nector 10 to only be inserted into an appropriate receiver,
adapter or connector. The MPO connector 10 may have
any number of keys that match one or more slots in the
adapter. The ferrule surround portion 12 protrudes about
as far as the end face of the ferrule 20 . The ferrule 20
defines guide pin bores 24 andfiberbores 22 for receiving
guide pins and optical fibers therein, respectively. Alter-
natively, the ferrule 20 may have guide pins, instead of
guide pin bores, configured to be received in guide pin
bores in another ferrule. In the illustrated example MPO
connector 10, the ferrule 20 has 12 fiber bores 22. It will
be appreciated that in alternative examples the ferrule
20 of the MPO connector may have more or less fiber
bores 22. The MPO connector 10 also has a cable boot
30 for retaining a fiber-optic cable in the MPO connector.
[0064] Figure 2 illustrates a perspective view of side
cross section of an exemplary multifiber fiber-optic con-
nector according to an embodiment.

[0065] For brevity, features of the MPO connector 10
discussed above in respect of Figure 1 will not be repeat-
ed. As shown in Figure 2, the MPO connector further
comprises a ferrule spring 32 for urging the ferrule 20
towards an engaged position. The ferrule spring 32 may
also provide some float in the longitudinal position of the
ferrule 20 to ensure there is good contact with a corre-
sponding ferrule in a mating connector without the ferrule
20 being subject to excessive forces.

[0066] Figure 3illustrates a perspective view of an ex-
emplary hardened multifiber connector according to an
embodiment.

[0067] Referring to Figure 3, an example of a conven-
tional hardened multifiber optical connector 40. The con-
nector 40 is an example of a hardened connector that
may be received in a second end of an adapter according
to a first aspect. The connector 40 includes a multifiber
ferrule 50 maintained within a connector housing 42 de-
fining a key slot 44 for ensuring proper mating and mating
orientation with the adapter. The connector 40 may have
any number of key slots that match one or more keys in
the adapter. A threaded coupling nut 46 is positioned
about the connector housing 42 and threadably engages
an adapter according to the first aspect or another struc-
ture to which the connector 40is engaged. The plug hous-

10

15

20

25

30

35

40

45

50

55

ing 42 defines an internal cavity 48 having a predeter-
mined geometry that may be defined by the connector
housing 42 or by an insert received within the connector
housing 42. In this view, optical fibers 52 are shown ex-
tending from the multifiber ferrule. For the purposes of
showing the optical fibers 52, the extent to which the op-
tical fibers 52 extend from the ferrule 50 is exaggerated.
It will be appreciated that in use, the optical fibers 52 may
not protrude from the ferrule 50 at all, or only protrude
from the ferrule 50 by a length in the order of microns.
The connector 40 may, for example, be the hardened
connector known under the marks "OptiTip™" and
"Con2r™" available from Corning Cable Systems of Hick-
ory, N.C.

[0068] Figure 4 illustrates a perspective view of a side
cross section of an exemplary hardened multifiber con-
nector according to an embodiment.

[0069] For brevity, features of the connector 40 dis-
cussed above in respect of Figure 3 will not be repeated.
As shown in Figure 4, the hardened connector further
comprises a first connector seal 60 and a second con-
nector seal 70 for sealing components of the connector.
The seals 60, 70 may ensure watertight connections be-
tween the different components of the connector which
protect the optical fibers housed therein from the ingress
of moisture or other debris. The connector also compris-
es a ferrule boot 54 which guides and protects the optical
fibers 52 as they enter the ferrule 50. The connector also
includes a ferrule spring 56 for urging the ferrule 50 to-
wards an engaged position. The ferrule spring 56 may
also provide some float in the longitudinal position of the
ferrule 50 to ensure there is good contact with a corre-
sponding ferrule in a mating connector without the ferrule
50 being subjectto excessive forces. Figure 4 also shows
the fiber-optic cable 80 connected to the hardened con-
nector. As with Figure 3, for the purposes of showing the
optical fibers 52, the extent to which the optical fibers 52
extend from the ferrule 50 is exaggerated. It will be ap-
preciated that in use, the optical fibers 52 may not pro-
trude from the ferrule 50 at all, or only protrude from the
ferrule 50 by a length in the order of microns.

[0070] Figure 5illustrates a perspective view of an ex-
emplary adapter according to an embodiment with the
first seal not shown.

[0071] Referring to Figure 5, the adapter 100 is shown
with no connectors connected thereto. The adapter 100
has a body shaped to match the cross-sectional shape
of the port of a fiber-optic closure, or any other fiber-optic
apparatus. In this embodiment the adaptor has a body
shaped to match a hexagonally shaped cross-sectional
shape of the port. In particular, the adapter body may be
hexagonally shaped. In alternative embodiments, the
adapter body may have a rectangular or cylindrical
shaped body to match the cross-sectional shape of the
port of the fiber-optic closure, depending on the shape
of the port. The adapter 100 has a first opening 102 at a
first end and a second opening 104 at a second end. The
openings 102, 104 are joined to define a cavity or pas-
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sage which extends from the first end of the adapter to
the second end of the adapter. The adapter includes a
shroud 106 that extends beyond the opening 102 in the
adapter 100. Features of the shroud will be described in
more detail in respect of Figure 6. The adapter 100 further
comprises an engagement mechanism which is a snap
fit engagement mechanism in the form of snaps 108,
which are configured to engage with a port of a fiber-optic
closure when the adapter 100 is inserted in the port of
the closure. In this example embodiment, the adapter
100 comprises two snaps 108 which are spaced at 180
degrees from each other around the first opening 102 of
the adapter 100. It will be appreciated that in alternative
embodiments, the aforementioned engagement mecha-
nism may be a threaded engagement, press fit engage-
ment or any other form of suitable engagement mecha-
nism. Alternative embodiments may further have only a
single snap 108 or more than two snaps 108 which may
be evenly or unevenly spaced around the first opening
102 of the adapter 100. As can be seen in this example,
one of the snaps 108 of the adapter 100 has a first align-
ment mechanism for aligning the adapter 100 with the
fiber-optic apparatus. The first alignment mechanism is
in the form of a first adapter key 110 configured to be
received in a corresponding slot in the port of the fiber
optic closure. The adapter 100 may also have more than
one key 110 located on two or more snaps 110. The one
or more keys 110 ensure that the adapter 100 is inserted
in the fiber-optic closure in one or more specific orienta-
tions. It will be appreciated that alternative adapter 100
embodiments may have no key 110 such that the adapter
can be inserted in the port of a fiber-optic closure in any
orientation. Alternatively, the one or more keys 110 may
be located on other components of the adapter 100 such
as the body of the adapter or the shroud 106. As shown
in Figure 114, the adapter 100 has an optional visual
indicator 114 of the key position. This visual indicator 114
may allow a user to correctly install the adapter 100 in
the correct orientation. The adapter further includes an
engagement mechanism in the form of a thread 112 lo-
cated at the second end of the adapter 100. The thread
112 is a male thread on an outer surface of the adapter
100 and is configured to engage with a corresponding
female thread in a portion of hardened multifiber connec-
tor, such as the threaded coupling nut 46. It will be ap-
preciated that in alternative embodiments, the engage-
ment mechanism for engaging the adapter 100 with a
hardened multifiber connector may be an alternative type
of engagement mechanism such as a push/pull mecha-
nism or a bayonet mechanism. The adapter of the em-
bodiment of Figure 5 is shown without the first seal. The
adapterof Figure 5 is configured to have an O-ring mount-
ed in the O-ring groove 116 of the adapter 100. In alter-
native embodiments, an O-ring may be preinstalled in
the O-ring groove 1160f the adapter 100. In alternative
embodiments, the adapter 100 may not have an O-ring
groove 116 as the seal for sealing between the adapter
100 and the fiber-optic closure may be located in the port
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of the fiber-optic closure.

[0072] Figure6illustrates a perspective view of the first
end of an exemplary adapter 100 according to an em-
bodiment with the first seal not shown.

[0073] For brevity, features of the adapter 100 dis-
cussed above in respect of Figure 5 will not be repeated.
Referring to Figure 6, the shroud 106 of the adapter 100
is integral with the adapter and is an extension of the first
end of the adapter body. In this embodiment the shroud
106 is cylindrical in shape and is formed of two arcuate
shroud portions separated by two openings at opposite
sides of the opening 102 in the first end of the adapter
100. The snaps 108 extend from the first end of the adapt-
er 100 in the openings between the arcuate shroud por-
tions. The snaps 108 are also located concentrically with
the openings in the shroud 106. In alternative embodi-
ments of the adapter 100, the shroud 106 may have a
different shape which conforms with the outer profile of
a multifiber fiber-optic connector. Alternative arrange-
ments of the shroud 106 are also envisioned in which the
shroud 106 includes only one or more than two arcuate
shroud portions. Furthermore, in some embodiments, the
snaps 108 may not be arranged concentrically with the
shroud 106. As can be seen in Figure 6, the adapter 100
also has a second alignment mechanism for aligning the
adapter 100 and the MPO connector 10. The second
alignment mechanism is in the form of a slot 120 in the
cavity of the adapter 100, configured to receive a corre-
sponding key on the MPO connector 10. The adapter
100 may also have more than one slot 120 in the cavity
of the adapter configured to receive two or more keys on
the MPO connector 10. The one or more slots 120 ensure
that the MPO connector 10 is inserted in the adapter 100
in one or more specific orientations. It will be appreciated
that alternative adapter 100 embodiments may have no
slot 120 such that an MPO connector 10 can be inserted
in the adapter 100 in any orientation. The adapter further
comprises a further engagement mechanism between
the first end of the adapter 100 and the second end of
the adapter 100 for engaging with an MPO connector 10
inserted in the first opening 102 in the adapter 100. This
engagement mechanism may be in the form of a snap fit
engagement mechanism with snaps 118, which are con-
figured to engage with a an MPO connector when it is
inserted in the cavity of the adapter 100. In this example
embodiment, the adapter 100 comprises two snaps 118
which are spaced at 180 degrees from each other around
the cavity of the adapter 100. It will be appreciated that
in alternative embodiments, the aforementioned engage-
ment mechanism may be a threaded engagement, press
fit engagement or any other form of suitable engagement
mechanism. Alternative embodiments may further have
only a single snap 118 or more than two snaps 118 which
may be evenly or unevenly spaced around the cavity of
the adapter 100.

[0074] Figure 7 illustrates an end view of the second
end of an exemplary adapter according to an embodi-
ment.
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[0075] For brevity, features of the adapter 100 dis-
cussed above in respect of Figures 5 and 6 will not be
repeated. As illustrated in Figure 7, the second opening
104 of the adapter 100 has a circular cross-section. How-
ever, other embodiments of the adapter are envisaged
in which the cross-section of the second opening of the
adapter 100 has an alternative shape which matches the
outer profile of a hardened multifiber connector config-
ured to be received in the second opening 104 of the
adapter. As can be seenin this example, the adapter 100
has a second alignment mechanism in the cavity of the
adapter 100, for aligning a hardened connector 40 with
the adapter 100. The second alignment mechanism is in
the form of a second adapter key 122 configured to be
received in the corresponding slot 44 in the hardened
connector. The adapter 100 may also have more than
one key 122 located in the cavity of the adapter 100. The
one or more keys 122 ensure that the hardened connec-
tor is inserted in the adapter 100 in one or more specific
orientations. It will be appreciated that alternative adapter
100 embodiments may have no key 122 such that the
adapter 100 can be inserted in the adapter 100 in any
orientation.

[0076] Figure 8 illustrates a perspective view of a par-
tially sectioned exemplary assembly comprising an ex-
emplary adapter 100, according to an embodiment, re-
ceived ina port 210 of an exemplary fiber-optic apparatus
200, with an exemplary multifiber fiber-optic connector
10 received in the first end of the adapter.

[0077] For brevity, features of the adapter 100 and the
multifiber fiber-optic connector 10 discussed above in re-
spect of Figures 1 to 7 will not be repeated. In Figure 8,
aBPEO sectioned closure 200 is shown having anumber
of hexagonal ports 210 configured to receive fiber-optic
connectors and adapters according to the first aspect.
This Figure shows an exemplary adapter 100 received
in one of the hexagonal ports 210 of the BPEO closure
200 with an MPO connector 10 received in the first open-
ing 102 of the adapter. As will be appreciated by one of
skill in the art, alternative embodiments of the adapter
100 may be received in fiber-optic closure ports with dif-
ferent cross-sectional shapes depending on the shape
of the body of the adapter 100. As shown in Figure 8, the
port 210 of the BPEO closure 200 has a slot 212 through
which the key 110 on the snap 108 of the adapter has
passed in order for the snaps 108 of the adapter 110 to
engage withthe BPEO closure 200. The adapteris shown
with O-ring 130 installed in the O-ring groove 116 in order
to seal between the adapter 100 and the BPEO closure
200.

[0078] Figure 9 illustrates a side cross section of an
exemplary assembly comprising an exemplary adapter
100 according to an embodiment, the adapter 100 re-
ceived in an exemplary fiber-optic apparatus 200 and
having an exemplary multifiber fiber-optic connector 10
received in the first opening 102 of the adapter 100 and
an exemplary hardened multifiber connector 40 received
in the second opening 104 of the adapter 100.
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[0079] Forbrevity, features of the adapter 100, the mul-
tifiber fiber-optic connector 10 and the hardened multi-
fiber connector 40 discussed above in respect of Figures
1 to 8 will not be repeated. Referring to Figure 9, the
adapter 100 is shown received in a port 210 of a BPEO
closure 200, with an MPO connector 10 received in the
first opening 102 of the adapter 100 and a hardened con-
nector 40 received in the second opening 104 in the
adapter 100. Figure 9 also shows precise alignment and
contact between the ferrule 20 and ferrule 50 of the MPO
connector 10 and the hardened connector 40 respective-
ly.

[0080] As used herein, the terms "fiber-optic cables"
and/or "optical fibers" include all types of single mode
and multi-mode light waveguides, including one or more
optical fibers that may be uncoated, colored, buffered,
ribbonized and/or have other organizing or protective
structure in a cable such as one or more tubes, strength
members, jackets or the like. Likewise, other types of
suitable optical fibers include bend-insensitive optical fib-
ers, or any other expedient of a medium for transmitting
light signals. An example of a bend-insensitive optical
fiber is ClearCurve® Multimode fiber commercially avail-
able from Corning Incorporated.

[0081] It is to be understood that the disclosure is not
to be limited to the specific embodiments disclosed and
that modifications and other embodiments are intended
to be included within the scope of the appended claims.
Although specific terms are employed herein, they are
used in a generic and descriptive sense only and not for
purposes of limitation.

Claims

1. An adapter for a fiber-optic plug, the adapter config-
ured to be received in a port of a fiber-optic appara-
tus, the adapter comprising:

a firstopening proximate a first end of the adapt-
er, the first opening configured to receive a mul-
tifiber fiber optic connector;

a second opening proximate a second end of
the adapter, the second opening configured to
receive a hardened multifiber connector;

an adapter body extending longitudinally be-
tween the firstend of the adapter and the second
end of the adapter and defining an internal cavity
therethrough, the adapter body comprising:

a first engagement mechanism at the first
end of the adapter for engaging with the port
of the fiber-optic apparatus;

a second engagement mechanism be-
tween the first end of the adapter and the
second end of the adapter for engaging with
the multifiber fiber optic connector;

a third engagement mechanism at the sec-
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ond end of the adapter for engaging with a
hardened multifiber connector;

alocating feature for locating the hardened
multifiber connector in the adapter; and

an alignment mechanism for aligning the
adapter with the fiber-optic apparatus.

An adapter according to claim 1, wherein the adapter
is configured to be received in the port of the fiber-
optic closure.

An adapter according to claim 1 or claim 2, wherein
the adapter is configured to be received in a hexag-
onal port of a fiber-optic closure.

An adapter according to any preceding claim, where-
in the adapter is configured to be received in a port
of a BPEO closure.

An adapter according to any preceding claim, where-
in the first engagement mechanism is a snap fit en-
gagement mechanism.

An adapter according to any preceding claim, where-
in the second engagement mechanism is a snap fit
engagement mechanism.

An adapter according to any preceding claim, where-
in the third engagement mechanism is a threaded
engagement mechanism.

An adapter according to any preceding claim, further
comprising a shroud that extends beyond the first
opening.

An adapter according to claim 8, wherein the shroud
has a shape configured to guide the multifiber fiber-
optic connector into the first opening.

An adapter according to claim 8 or claim 9, wherein
the shroud comprises at least one opening that ex-
tends longitudinally from at least a medial portion of
the shroud to the first end of the adapter.

An adapter according to any preceding claim, where-
in the alignment mechanism is an adapter key con-
figured to be received in a slot in the port of the fiber-
optic apparatus.

An adapter according to any preceding claim, where-
in the alignment mechanism is a first alignment
mechanism and the adapter further comprises a sec-
ond alignment mechanism for aligning the multifiber
fiber-optic connector with respect to the adapter.

An adapter according to claim 12, wherein the sec-
ond alignment mechanism is a slot in the adapter
configured to receive a key on the multifiber fiber-
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14.

15.

20
optic connector.

An adapter according to claim 12 or claim 13, where-
in the adapter further comprises a third alignment
mechanism for aligning the hardened multifiber con-
nector with respect to the adapter.

An adapter according to claim 14, wherein the adapt-
er key is a first adapter key; and

wherein the third alignment mechanism is a second
adapter key comprised by the adapter and config-
uredto bereceivedin aslotin the hardened multifiber
connector.
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