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HARDENED OPTICAL POWER CONNECTION SYSTEM

CROSS-REFERENCE TO RELATED APPLICATION(S)
This application is being filed on February 9, 2015, as a PCT Intervational
Patent application and clavms priority to U.S. Patendt Application Serial No. 61/937,291
S filed on February 7, 2014, the disclosure of which is incorporated hercin by reference in ifs

entirety.

BACKGROUND
The present disclosure relates generally to hybrid optical fiber and
electrical communication systems.

10 Rapid growth of portable high-speed wircless transceiver devices (e.g.,
smart phones, tablcts, laptop computers, ¢ic.} continues in today’s market, thereby creating
higher demand for untethered contact. Thus, there is growing demand for integrated
voice, data and video capable of being transmitted wirclessly at data rates of
10Ghits/second and faster. To provide the bandwidth needed to support this demand will

15 require the cost effective and efficient deployment of additional fixed location fransceivers
{i.e., cell sites or nodes) for generating both large and small wireless coverage areas.

Fiber optic technology is becoming more prevalent as service providers
strive to deliver higher bandwidth communication capabilities to customers/subscribers.
The phrase “fiber to the x” (FTTX) generically refers to any network architecture that uses

20 optical fiber in place of copper within a local distribution area. Example FTTX networks
include fiber-to-the-node (FTTN) networks, fiber-to-the-curb (FTTC) networks, fiber-to-
the-home (FTTH), and more generally, fiber-to-the-wireless (FTTW).

The high signal speeds associated with fiber optic techmology have driven
the demand to ose fiber optic techunology to support wireless networks., However, wireless

25 networks typically require power for driving components such as transceivers. This can
prosent problems in fiber optic networks, which are ofien passive. o this regard, thercis a
need for improved hybrid systems that can efficiently distribute fiber optic signals and

power to components of a wireless network.



WO 2015/120365 PCT/US2015/014977

SUMMARY
Aspects of the present disclosure relate to connectors and connector
systems capable of providing optical and power connections in 3 telecommunications

network such as a fiber optic network. In certain examples, the conmectors and comnector

W

systems can be hardened (e.g., sealed and ruggedized) for use in ovtdoor environmental
applications. In certain examples, the connectors and connector systems can be used to
provide efficient power and fiber conmnections in a mobile network topology. In certain
examples, the connectors and connector systems can be used with cables having ceniral
sections containing optical fibers and strippable cuter sections including clectrical power

10 conductors.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 s a system diagram showing an example distribution of wircless
coverage areas deploved using a power and optical fiber tnterface system in accordance
with principles of the present disclosure.

18 Figare 2 is a transverse cross-sectional view of a power/optical fiber hybrid
cable in accordance with principles of the present disclosure.

Figure 3 is a perspective view of a portion of the hybrid cable of FIG. 2
with electrically conductive portions of the cable showing separated from a central optical
fiber portion of the cable.

0 Figare 4 is a plan view of the hybrid cable of Figures 2 and 3 with the
clectrically conductive portions of the hybrid cable trimmed relative to the contral fiber
optic portion of the hybrid cable.

Figure 5 is a transverse cross-sectional view of another power/optical fiber
hybrid cable in accordance with principles of the present disclosure.

25 Figure 6 shows an exampie topography for transmitting power and optical

signals between a BTS and an arrangement of remote radio heads.

Figure 7 shows an example configuration for providing power and optical
signals from a BTS o remote radic heads.
Figure § shows a remote radio head with separate ruggedized power and

30 optical comnectors.

Figure 9 shows a remote radic head with a ruggedized connection

roviding both power and optical signals.
= &

o
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Figure 10 shows a remote radio head with a boot that transitions power and
optical signals into the remote radio head.

Figure 11 shows another configuration for fransmititing power and optical
signals between a BTS and a remote radio head.

Figure 12 shows still another configoration for transmitting power and
optical signals between a BTS and 3 remote radio head.

Figure 13 shows a further configuration for fransmiiting power and optical
signals between a BTS and a remote radio head.

Figure 14 shows a further configuration for transmitting power and optical
signals between a BTS and a remote radio head.

Figure 15 shows an example hybrid plog in accordance with the principles
of the present disclosure.

Figore 16 is a cross-sectional view of the hybrid plug of Figure 13

Figare 17 is a perspective view of internal components of the hybrid plug
of Figires 15 and 16.

Figure 1% is a cross-sectional view of a hybrid socket in accordance with
the principles of the present disclosure.

Figare 19 1s a perspective view of inner components of the hybrid socket of
Figure 18.

Figore 20 shows the hybrid phug of Figure 16 coupled to the hybrid socket
of Figure 18.

Figure 21 is a cross-sectional view showing the hybrid plug of Figure 16
pulled to hybrid socket of Figure 1%,

Figare 22 15 an endarged view of a portion of Figare 21.

Figure 23 is a further view showing the hybrid plug of Figure 16 coupled to
the hybrid socket of Figure 18,

Figore 24 is a perspective view of an optical terminal in accordance with
the principles of the present disclosure.

Figure 25 15 a perspective view of an clectrical pin contact that can be used
in connectors in accordance with the principles of the present disclosure.

Figure 26 1s a perspective view of an clecirical socket contact that can be
used in commectors in accordance with the principies of the present disclosure.

Figure 27 illostrates an example of a jumper configuration for connecting a

hybrid connector to an SFP and power supply of a remote radio head.
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Figure 28 illustrates another connector arrangement in accordance with the
principles of the present disclosure.

Figure 29 is a cross-sectional view of the connector arrangement of Figure

28.
) Figure 30 illostrates an example hybrid plug of the connector arrangement
of Figure 28,
Figure 31 illustrates an example hybrid socket of the councctor
arrangement of Figure 28,
DETAILED DESCRIPTION
10 In the following Detailed Diescription, reference is made to the

accompanying drawings, which form a part hereof, and o which is shown by way of
ithustration specific embodiments in which the invention may be practiced. In this regard,
directional terminclogy, such as top, botiom, front, back, ¢tc., is used with reference to the
oricntation of the Figure(s) being described. Because compenents of embodirents can be

1S positioned in a number of different orientations, the directional terminclogy is used for
purposes of illastration and is in no way limiting. 1t is to be understood that other
cmbodiments may be utilized and structural or logical changes may be made without
departing from the scope of the present fnvention. The following detailed description,
therefore, is not to be taken in a limiting sense.

20 Figure | shows a system 10 in accordance with the principles of the present
disclosure for enbhancing the coverage arcas provided by cellular techmologies {e.g., GSM,
CDMA, UMTS, LTE, WiMax, WiFi, etc.). The system 10 mcludes a base location 1
{i.e., a hub) and a plurality of wireless coverage arca defining equipment 12a, 12b, 12¢,
12d, 12¢ and 12{{sometimes collectively reforred to as equipmens 12 herein) distribuied

25 about the basc location 11. In certain examples, the base location 11 can jnclude =
structure 14 {e.g., a closet, hut, butlding, housmg, enclosure, cabinet, ctc.} protecting
telecommunications equipment such as racks, fiber optic adapter panels, passive optical
splitters, wavelength division moultiplexers, fiber splice locations, optical fiber patching
and/or fiber mnterconnect structures and other active and/or passive equipment. In the

30 depicted example, the base location 11 is connected o a central office 16 or other remote
location by a fiber optic cable such as a multi-fiber optical trunk cabie 18 that provides
high band-width two-way optical communication between the base location 11 and the

central office 16 or other remote location. In the depicted example, the base location 11 3s
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connected to the wireless coverage area defining equipment 12a, 12b, 12¢, 124, 12¢ and
12f by hybrid cables 20. The hybrid cables 2{ arc cach capable of transmitting both power
and convnurications between the base location 11 and the wireless coverage arca defining
equipment 12a, 12b, 12¢, 124, 12¢ and {21

The wireless coverage arca defining equipment 12a, 12b, 12¢, 124, 12¢ and
12{ can cach inclade one or more wireless fransceivers 22, The transceivers 22 can
include single transceivers 22 or distribuied arrays of transceivers 22. As used hercin, a
“wircless transceiver” is a device or arrangement of devices capable of transmitting and
receiving wircless signals. A wircless transceiver typically includes an antenna for
enhancing receiving and franstoifting the wircless signals. Wircless coverage arcas are
defined around each of the wiveless coverage area defining equipment 12a, 12b, 12¢, 124,
12¢ and 121, Wireless coverage areas can also be referred to as cells, cellular coverage
arcas, wireless coverage zones, or like terms. Exampies of and/or alternative terims for
wirgless transceivers inchude radio-heads, wireless routers, cell sites, wircless nodes, etc.

In the depicted example of Figure 1, the base location 11 is shown as a base
transceiver station {BTS) located adjacent to a radio tower 24 supporting and elevating a
plurality the wireless coverage area defining equiprerd 12a. In one example, the
equipment 12a can define wireless coverage areas such as a macrocells or microcells (i,
cells cach having a coverage area less than or equal to about 2 kilometers wide). The
wircless coverage arca defining equipment 12b is shown deployed at a suburban
cuvironment (e.g., on a light pele in a vesidential neighberhood) and the equipment 12¢ 18
shown deployed at a roadside area {¢.g., on a roadside power pole). The cquipment [2¢
could also be installed at other locations such as tunnels, canyons, coastal areas, etc. In
one example, the equipment 12b, 12¢ can detine wireless coverage arcas such as
microcells or picocells (1.e., colls each having a coverage area equal to or less than about
200 meters wide), The equipment 124 is shown deploved at a campus location {e.g., a
university or corporate campus), the equipment 12¢ is shown deployed at a large public
verue focation {c.g., a stadium), and the equipment 121 1s shown mstalled at an in-building
or near-butlding environment (e.g., multi-dwelling unit, high rise, school, ete.). Inone
example, the equipment 124, 12¢, and 12{ can define wircless coverage arcas sach as
microcells, picocells, or femtocells (i.e., cells cach having a coverage area equal to or less
than about 10 meters wide).

The wireless coverage area defining equipment 12 are often located in areas

without power outlets conveniently located. As noted above, the hybrid cable 20 provides
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both power and data to the equipment 12, Figure 2 is 3 transverse cross-sectional view
taken through an example of one of the hybrid cables 20 of Figure 1. Hybrid cable 20
meludes an outer jacket 200 having a fransverse cross-sectional profile that defines a

major axis 202 and a minor axis 204. The outer jacket has a height H measured along the

N

minor axis 204 and a width W measured along the major axis 202. The width W is greater
than the height H such that the transverse cross-sectional profile of the outer jacket 200 is
clongated along the major axis 202,

The outer jacket 200 can inchude a loft portion 206, a right portion 208 and
a central portion 210, The left portion 206, the right portion 208 and the central portion
10 210 can be positioned along the major axis 202 with the cerdral portion 210 being
disposed between the left portion 206 and the right portion 208, The left portion 206 can
define a left passage 212, the right portion 208 can define a right passage 214 and the
ceniral portion 210 can define a central passage 216. The passages 212, 214 and 216 can

have lengths that extend along a condral longitudinal axis 218 of the cable 20 for the length

[
W

of the cable. A left electrical conductor 220 is shown positioned within the left passage
212, a right electrical conductor 222 is shown positioned within the right passage 214 and
at least one optical fiber 224 is shown positioned within the central passage 216, Certain
emboediments include from 1 to 12 fibers 224, for example. The left clectrical conductor
220, the right electrical conductor 222 and the optical fiber 224 have lengths that extend
20 along the central longitudinal axis 21% of the cable 20,

Still referring to Figure 2, the hybrid cable 20 includes a left pre-defined
tear location 226 positioned between the central portion 210 and the left portion 206 of the
outer jacket 200, and a right pre-defined tcar location 228 positioned between the ceniral
portion 210 and the vight portion 208 of the owter jacket 200. The left pre-defined tear

25 location 226 15 weakened such that the lett portion 206 of the outer jacket 200 can be
manually torn from the central portion 210 of the outer jacket 200, Similarly, the right
pre-defined tear location 228 is weakened such that the right portion 208 of the outer
jacket 200 can be manually tore from the central portion 210 of the outer jacket 200, The
left pre-defined tear location 226 1s configured such that the left portion 206 of the outer

30 jacket 200 fully surrounds the left passage 212 and the central portion 210 of the outer

jacket 200 fully surrounds the contral passage 216 after the left portion 206 of the outer
jacket 200 has been torn from the central portion 210 of the outer jacket 200, In this way,
the left clectrical conductor 220 remains fully insulated and the optical fiber 220 remains

fully protected after the left portion 206 has been torn from the central portion 210, The

6
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right pre-defined tear location 228 is configured such that the right portion 208 of the outer
jacket 200 fully surrounds the right passage 214 and the ceniral portion 210 of the outer
jacket 200 fully surrounds the central passage 219 after the right portion 208 of the outer
jacket 200 has been torn from the central portion 210 of the outer jacket 200, In this way,
the right electrical conductor 222 remains fully insulated and the optical fiber 224 remains
fully protected after the right portion 208 has been torn from the central portion 210.

Figare 3 shows the hybrid cable 20 with both the left portion 206 and the
right portion 208 torn away from the central portion 210, In this configuration, both the
left elecirical conductor 220 and the right elecirical conductor 222 are fully insulated by
their corresponding left and right portions 206, 208, Additionally, the central portion 210
has a rectangular transverse cross-sectional shape that fully surrounds the central passage
216 s as to protect the optical fiber or fibers 224.

It will be appreciated that the left and right electrical conductors 220, 222
have & construction suitable for carrying electrictty. 1t will be appreciated that the
clectrical conductors can have a solid or stranded construction. Example sizes of the
clecirical conductors include 12 gauge, 16 gauge, or other sizes.

The outer jacket 200 1s preferably constructed of a polymeric material. In
one example, the hybrid cable 20 and the outer jacket 200 are plenum rated. In certain
examples, the outer jacket 200 can be manufactured of a fire-retardant plastic material, In
certain examples, the outer jacket 200 can be mamufactured of a low smoke zero halogen
material. Fxarople materials for the outer jacket jnclude polyvinyl chloride (PVC),
fluorimated ethylene polymer (FEPY, polyolefin formulations including, for example,
polycthylene, and other materials.

The central passage 216 can contain one or more optical fibers 224, In
certain examples, the optical fibers 224 can be coated optical fibers having cores less than
12 microns in diameter, cladding layers less than 240 microns in diameter, and coating
layers less than 300 microns in diameter. It will be appreciated that the core and cladding
tayers typically include a silica based material. I cortain examples, the cladding layer can
have an index of a refraction that is less than the index of refraction of the core 1o allow
optical signals that are transmitted through the optical fibers to be confined generally to
the core. It will be appreciated that in certain examples, multiple cladding layers can be
provided. In certain examples, optical fibers can include bend insensitive optical fibers
having multiple cladding layers separated by trench layers. In certain examples, protective

coatings {e.g., a polymeric material such as actelate) can form coating layers around the

2
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cladding layers. In certain examples, the coating layers can have diameters less than 300
microns, or less than 260 microns, or in the range of 240 to 260 microns. Incertain
examples, the optical fibers 224 can be unbuttercd. In other examples, the optical fibers
can include a tight buffer layer, a loose buffer layer, or a semi-tight buffer layer. In certain
examples, the baffer layers can have an outer diameter of about 800 to 1,000 microns.

The optical fibers can include single mode optical fibers, multi-mode optical fibers, bend
insenstiive fibers or other fibers. In stilh other embodiments, the optical fibers 224 can be
ribbonized.

As shown at Figure 4, the left and right portions 206, 208 can be rimmed
relative 1o the central portion 210 after the left and right portions 206, 204 have been torn
away from the central portion 210, Tn this configuration, the central portion 210 extends
distally beyond the ends of the left and right portions 206, 208. In certain examples,
insulation displacement conneciors can be used {o pierce through the jacket materials of
the loft and right portions 206, 208 1o clectrically connect the left and right clectrical
connectors 220, 222 to an electrical power source, ground, active components or other
structures, [t will be appreciated that the optical fibers 224 can be connected to other
fibers with mechanical or fusion sphices, or directly terminated with optical connectors. In
other examples, connectorized pigtails can be spliced to the ends of the optical fibers 224,

Referring back to Figure 2, the outer jacket 200 includes a top side 230 and

a bottom side 232 separaied by the height H. As depicted, the top and bottom sides 234,

b2

132 are generally parallel o onc another, Hach of the left and right pre-defined tear
locations 226, 228 tncludes an upper shit 234 that extends downwardly from the top side
230, a lower slit 236 that extends spwardly from the bottom side 232 and a non-slitted
portion 238 poesitioned between the upper and lower slits 234, 236, In one example
embodiment, the upper and lower slits 234, 236 are partially re-closed slits. Inthe
depicted embodiment, the left and right pre-defined tear locations 226, 228 alse include
jacket weakening mombers 240 that are imbedded in the non-slitted portions 238. By way
of example, the jacket weakening members 240 can jnclude strands, movotilaments,
threads, filaments or other members. In certain examples, the jacket weakening members
244 extend along the central longitudinal axis 218 of the cable 20 for the length of the
cable 20. In certain examples, the jacket weakening members 240 are aligned along the
major axis 202, [n certain examples, the upper and lower shits 230, 236 as well as the
jacket weakening member 240 of the left pre-defined tear location 226 are aligned along a

left tearing pianc PL that is oriented generally perpendicular relative to the major axis 202,
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Stmilarly, the upper and lower shits 234, 236 as well as the jacket weakening member 240
of the right pre-defined tear location 228 are aligned along a right tearing plane PR that is
oriented generally perpendicular with respect to the major axis 202,

Referring again to Figure 2, the hybrid cable 20 can include a tensile
strength structure 2472 that provides tensile enforcement to the hybrid cable 20 so as to
provent tensile loads from being applied to the optical fibers 224, In certain embodiments,
the tenstle strength structure 242 can include reinforcing structures such as Avamid yaros
or other reinforcing fibers. In still other embodiments, the tensile strength structure 242
can have ap oriented polymeric construction. In still other examples, a tensile strength
structure 242 can include a reinforcing tape. In certain examples, the reinforcing tape can
be bonded to the outer jacket 200 so as to line the central passage 216, In certain
examples, no central buffer tube is provided between the optical fibers 224 and the tensile
reinforcing structure 242, In certain examples, the tonsile sirength structure 242 can
include a reinforcing tape that extends along the length of the hybrid cable 20 and bas
longitudinal edges/ends 244 that are separated so as to define a gap 244 thercin between.
In use, the tensile strength member 242 can be anchored to a structure such as a fiber optic
comnector, housing or other structure so as 1o limit the transfer of tensile load to the optical
fibers 224, 1t will be appreciated that the tensile strength structure 242 can be anchored by
technigues such as crimping, adhesives, fasteners, bands or other structures.

Figore § shows an alternative hybrid cable 207 having the same
construction as the hybrid cable 20 except two tensile strongth stroctures 2424, 2428 have
been provided within the central passage 216. Tensile strength members 2424, 242B ecach
include a tensile reinforcing tape that is bonded to the central povtion 210 of the outer
jacket 200. The tensile strength oembers 242 A, 2428 can include portions that
circumferentially overlap one another within the central passage 216, In certain examples,
by stripping away an end portion of the central portion 21(, the tensile sirength structures
242A, 2428 can be exposed and readily secured to a structure such as a fiber optic
connector, a panch, a bousing or other structure,

As noted above, the clectrical conductors 220, 222 could be 12 gauge
(AWQG) or 16 gauge, for example. In certain examples, a 12 gauge conductor 220, 220
provides up to 1175 meter reach at 15W, and a 750 meter reach for 25W devices. The 16
gauge implementations can provide reduced cost for shovter reach apphications or lower

power devices, for example.
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Providing power to remote active devices such as the wircless coverage
area defining equipment 12 is often difficult and expensive. Providing required power
protection and backup power further complicates powering such remote devices, Optical
Network Terminals (ONT’s) and Small Cell devices (such as picocells and metrocells)
have “stmilar” power requirements. For example, 25W, 12VDC or 483VDC devices are
comunon, although variations ccour.

Figure 6 shows an exampie mobile network topology 300 for transmitting
optical signals and power between a base transceiver station 301 and a plorality of remote
radic heads 302a-302i {i.c., remote transceivers). It will be appreciated that the hybrid
cable 20 can be incorporated throughout the network topology 300 for transmitting both
optical signals and power between the base transceiver station 361 and the remote radio
heads 302a-3021. For example, the remote radio heads 302a, 302b are shown connected
point-to-point with the base transceiver station 3061, In such cxampics, the hybrid cables
20 routed between the base transceiver station 301 and the radio heads 3024, 302b can
cach include two optical fibers. The radio head 302¢ is shown coupled to the radio head
302b in & daisy-chain type configuration by ancther Z2-fiber hybrid cable 20. The radio
heads 302d-3021 arc shown ntograted with the base transceiver station 301 through a
distributed network configuration. The distributed network configuration inclhudes a
distribution box 304 coupled to the base transceiver station 301 by a multi ~fiber (e.g., 2
12 fiber) version of the hybrid cable 20. At the distribution box 304, the optical fibers of
the nulti-fiber fiber hybrid cable 20 are separated (e.g., fanned-out or otherwise
segregated or broken out into pairs} and the power is spht. Two fiber versions of the
hybrid cable 20 are used to distribute power and optical connectivity from the distribution
box 304 to the various remote radio heads 302d-3021.

Figure 7 shows an example configuration 308 for providing power and
fiber optics to one of the remote radio heads 302 from the base transceiver station 301, In
this cxample, the hybrid cable 20 is routed from: the base transceiver station 301 to 8
universal inderface 310, The universal siderface 310 can provide power managoment,
surge suppression, media conversion and can also separate the fiber optics from the power.
In one example, the universal interface 310 can have a configuration of the type disclosed
in United States provisional patent application No. 61/846,392, filed July 15, 2013, which
1s hereby mmcorporated by reference in its entirety. One of the hybrid cables 20 can be
used to provide power and optical signals from the base transceiver station 301 to the

universal interface 310. At the universal interface 310, the optical signals can be routed to

PCT/US2015/014977
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a two-fiber optical output line 312 and the power can be routed to a power ocutput line 314,
The optical line 312 can be coupled to a small form-factor pluggable transceiver 316 of the
remote radio head and the power line 314 can be coupled to a power supply 318 of the
racio head. fn certain examples, the lines 312, 314 can include sealed interfaces at the
housing of the remote radio head and can include connectors such as edge mounted
connectors corresponding to the power suppiy and the small form-factor pluggable
transceiver (see Fig. 8). 1o other exarples, the interconnection between the remote radio
head 302 and the universal interface 310 can be made with a single line hybrid that carries
both fiber optic signals and power to the remote radio head. For example, Figure ¢ shows
a version having a pancl-mount scaled connector 317 with feed through tnes routed 1o the
small form-factor pluggable transceiver 316 and the power supply 318, Figure 10 shows a
version where a panel moounted sealed boot 319 protects an interface between the hybrid
cable and the housing of the remote radio head 302, The fiber optics and power are fed
through the boot and cornected to the small form-factor pluggable transceiver 316 and the
power supply 318,

Figure 11 shows another connectivity design where the universal interface
310 bas been climinated bocause power management, surge suppression and media
conversion are provided in the equipment {¢.g., in the remote radio head and/or in the base
transceiver station). As shown at Figure 11, the hybrid cable 20 is biforcated into a
separate optical branch 320 and a power branch 322 which are coupled to the small form-
factor pluggable transceiver and the power supply of the remote radio head 302,

Figure 12 shows ancther connectivity design 330 for conveying power and
fiber optic signals between the fransceiver station 301 and a remote radio head 302, The

comnectivity design 330 includes an intermediate hardened optical power connection

o

systern 332, The hardened optical and power connection system 332 includes a hardened
optical and power plug 334 that interfaces with a hardened optical and power socket 336.
An intermediate fixture 33¥ can be used to assist in providing a more robust mechanical
connection between the plug 334 and the socket 336, The plug 334 is mounted at the end
of a hybrid cable 20 routed from the base transceiver station 301, The socket 336 18
coupled to a hybrid cable 20 that is part of a harness or cable assembly having an optical
branch 340 coupled to the smalf form-factor pluggable transceiver of the radio head and a
power branch 342 coupled to the power supply of the remote radio head 302

Figure 13 shows a connectivity design 350 where the hardened optical and

yower connection system 332 is used o provide an interface directly with the remote radio
Y 3
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head 302, One of the hybrid cables 20 is routed from the base transceiver station 301 to
the hardened optical power and connection system 332, In certain examples, the hardened
optical power connection system 337 connected to the remote radio head 302 can include
the plug 334 or the socket 336 of the hardened optical and power connection system 332,
In sther examples, both the phig 334 and the socket 336 can be provided.

Figurc 14 shows a further connectivity design 360 that is similar to the
design 308. The design 360 has been modified to inchude the hardened optical and power
connection system 332 at the universal interface 310, In this way, the hybrid cable 20
routed from the base transceiver station 301 to the universal interface 311 can be plugged
mio the universal interface 310 using a plug-and-play configuration. In this way, power
and optics can be interconnected to the wmiversal interface 310 with a single plug-and-play
style connector. This type of configuration eliminates the need to open the aniversal
interface box for fiber management and for splicing. It will be appreciated that the outpuis
from the universal iterface 310 can be provided with a varicty of different connector
styles or combinations of mterfaces to accommodate remote radio units having different
connecior styies. In this way, backward compatibility is enhanced. T will be appreciated
that the outputs from the universal interface can inchade scparate optical and power
branches or a combined optical and power line formed by a hybrid cable.

Referring to Figures 15-17, the plug 334 of the hardened optical and power
connection system 332 is depicted. The plug 334 includes a plug body 336 including a
plug housing 33% coupled to a rear body 340. In one example, the plug housing 338 and
the rear body 340 are coupled together by a snap-fit connection. In certain examples, the
plug housing 338 and the rear body 340 arc made of a diclectric material such as plastic.
In the depicted example, the plug housing 338 includes a main body 342 having a
generally angular transverse cross-sectional profile. It will be appreciated that the rear
body 340 also has a generally rectangudar transverse cross-sectional profile that matches
the transverse cross-sectional profile of the main body 342 of the plug housing 338, The
plug housing 33% also includes first slecves 344 that project forwardly from the main body
342, The first sleeves 344 receive pin contacts 350 (see Fig. 25). The plag housing 338
also tnclades second sleeves 352 that receive optical terminals 354 (see Fig. 24). During
asserubly, the pin contacts 350 are loaded into the first sleeves 344 through the back end of
the plug housing 338, Similarly, the optical terminals 354 ave loaded into the second
sleeves 352 through the back side of the plug housing 338, Once the pin contacts 350 and

the optical terminals 354 have been loaded into their corresponding sleeves 344, 352, the
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rear body 340 is coupled to the back side of the plug housing 338 thereby capturing and
retaining the optical terminals 354 and the pin contacts 350 within the plug body 3346.

Referring to Fig. 25, contact pins 350 include first ends 358 positioned
opposite from second ends 360, The first ends 358 define pins 362, The second ends 360
define structure for electrically and mechanically coupling the pin contacts 350 to the
clectrical conductors 220, 222 of the hybrid cable 20. To couple the electrical conductors
220, 222 to the pin contacts 350, the left and right portions 206, 208 of the bybrid cable 20
are separated from the central portion 210, End segments of the fnsulation surrounding the
separated elecirical conductors 220, 222 are then stripped thereby exposing the electrical
conductors 220, 222. The exposed portions of the electrical conductors 220, 222 can be
mserted into receptacies 364 (i.e., openings, passages, ¢tc.} of the pin contacts 350 thereby
making clectrical contact with the pins 362. Retainers 366 of the pin contacts 350 can be
clamped, crimped or otherwise pressed into engagement with the conductors therehy
providing 2 mechanical connection between the electrical conductors 220, 222 and the
corresponding pin contacts 350, Additionally, retaining elements 368 can be clamped
against the insulation portions 206, 208 surrounding the clectrical connectors 220, 222.

As shown at Figure 16, when the pin contacts 350 are installed within the
plug 334, the first ends 358 are positioned within the first sleeves 344 and the second ends
360 are positioned within the rear body 340, The rear body 340 has enlarged openings for
accommodating the second ends 360 of the pin contacts 350. The first sfeeves 349 can be
interoally tapered so as to provide 2 friction it with indermediate regions of the pin
contacts 350 thereby limiting the range of forward movement permitted by the pin
coniacts 350 within the first sleeves 344, End faces 368 of the rear body 340 can oppose
or abut against shoulders 370 defined by the intermediate regions of the pin contacts 350
thereby effectively retaining the contact pins 350 within the first siceves 344,

Referring to Figure 24, the optical terminals 354 mmelude forrules 372
having basec cnds supported at hubs 374, In certain examples, ferrules 372 can be
constructed of a relatively hard material such as ceramic or metal. To certain examples, the
ferrales 372 can have polished end faces. It will be appreciated that the end faces of the
ferrales 372 can be angled or perpendicular vefative to central axes of the ferrules. The
ferroles 372 defined central passages that extend along the central axes. The passages are
adapted for receiving optical fibers that can be secured {e.g., bonded, potted, ctc.) within
the central passages. The habs 374 are captured within insert bodies 376, In the depicted

cxample, the insert bodies 376 are generally evlindrical sleeves, but other shapes could be
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used as well. In certain examples, the insert bodies 376 can include one or more exterior
annular grooves 378, The hubs 374 can have chamfered front ends that engage against
corresponding retaining features provided at front ends of the insert bodies 376 to prevont
the hubs 374 from being pushed out of the front ends of the insert bodies. Springs 380 are
positioned within the msert bodies 376 for biasing the hubs 374 and the corresponding
ferniles 372 in a forward direction. In this way, the chamfered end of the b 372 is
biased against the retaining features of the fusert bodies 376.

It will be appreciated that the ferrule and hub assemblies as well as the

~
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springs 38{ can be loaded into the insert bodies 376. Thoreaftor, spring stops can be usad
to capture the springs 380 and the hubs assembly within the insert body 376 and to
compress the spring 380 within the insert body 376, As depicted, the insert body can
tnclade front and rear portions that are coupled together to capture the spring and the hub
within the tnsert body 376.

In certain examples, the ferrules 372 support optical fibers 373 having stub
ends 382 that can be spliced or otherwise optically connected to the optical fibers of the
hybrid cable 20. In certain examples, the splice location 375 can be housed within the
msert body 376 or outside the insert body 376 (as shown at Figure 16). Itwill be
appreciated that the optical terminals 354 can be loaded into ther corresponding second
sleeves 352 by inserting the optical terminals 354 mto the second sleeves 352 through the
back side of the plag housing 338. Once the optical terminals 354 and the pin contact 350
have been loaded within the plug housing 338, the rear body 340 can be attached to the
back end of the plug housing 338 to capture the optical terminals 354 and the contact pins
350 within the plug body 336. In certain examples, a boot 390 or other structure can be
mounted at the back ends of the insert bodies 376 to protect and guide optical fibers as the
optical fibers are routed out of the rear body 340, Additionally, as shown at Figure 17, a
strain relicf member 391 {e.g., plastic boot or shell) can be mounted over the back end of
the rear body 3472 to assist in transitioning the clectrical conduciors as well as the optical
fibers from the plug 334 1o the cable.

It will be appreciated the plug 334 can also be provided with structure for
providing environmental sealing as well as the ability to accommodate enhanced pull-back
loads and side loads. For example, the plug body 336 can be mounted within a protective
enclosure 400 including an outer body 402 and an inner body 404. The outer body 402
can include a sleeve having a coupling structure (e.g., threads, a bayonet interface, a snap-

fit interface or other type of interface) adapted to provide a mechanical coupling with the
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fixture 338, The outer body 402 can also provide scaling relative to the fixtare 338 as well
as scaling against the jacket of the cable 20. In ceriain cxamples, the tensile strength
structure 242 of the cable 20 can be secured (e.g., adhesively bonded to, crimped against,
or otherwise attached) to either the inner body 404 or the outer body 402, Further
description of the enclosure 400 can be found at United States Patent No. 8,556,520 which
is hereby incorporated by reference in s entirety. In certain exampices, the outer body 402
can have a varap 403 or other type of structure adjacent us rear end that compresses a seal
about the jacket of the cable 20 thereby providing effective scaling at the back end of the
enclosure 400. The inner body 404 can be configured for supporting and/or housing the
plug body 336, In certain exaroples, seals can be provided on or around the foner body
404 for providing sealing with the fixtuwe 338, In certain examples, a strain relief boot or
other stracture can be mounted to the rear end of the cuter body 402 to provide strain relief
protection at the junction between the outer body 402 and the cable 20.

Referring to Figures 18 and 19, the socket 336 is adapied to mate with the
plug 334 and can be protected within an enclosure 400 of the same type described with
respect to the plug 334, The socket 336 includes a socket body 410 including a socket
housing 412 and a rear body 414. The socket housing 412 and the rear body 414 can be
coupled together by a mechanical interface such as a snap-fit connection or other type of
comection. The socket housing 410 includes a front end defining first receptacles 416 for
receiving the first sleeves 344 of the plug 334 and second receptacles 418 for receiving the
second sleeves 352 of the pilug 334, The front end of the socket housing 412 has a
generally rectangular fransverse cross-sectional profile. The first receptacies 416 receive
socket contacts 420 {see Fig. 26). The socket contacts 420 include first ends 422 and
opposite second ends 424, The first ends 422 of the socket contacts 420 define electrical
sockets 426 that receive the pins 362 of the plug 34 when the plug 334 and the socket 336
arc mated together. Similar to the pin contacts 350, the socket contacts 420 have passages
for receiving the electrical conductors of the hybrid cable 20 and one or more clamps,
retainets, fastoners or other structures for effectively mechanically and electrically
connecting the socket contacts 420 1o the electrical conductors of the cable 20, In certain
examples, the socket contacts 420 can also include structure for mechanically affixing the
socket contacts 420 relative to the insufation surrounding the electrical conductors 220,
222.

The second receptacles 418 of the socket housing 412 are configured to

receive optical terminals 354 of the same type previously described with respect to the
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plug 334, The optical terminals 354 are captured within the phig body 410 between the
socket housing 412 and the rear body 414, As so positioned, the ferrules 372 of the optical
terminals 354 arce positioned within the secound receptacies 418 with end faces of the
ferrules facing in a forward direction.

Figures 20-22 show the plug 334 and the socket 336 mated together. Tt will
be appreciated that latches or other structures can be provided for mechanically
interlocking the plug 334 and the socket 336, When the plug 334 and the socket 336 are
mated together, the first sleeves 344 of the plog 334 fit within the first receptacles 416 of
the socket 336, Additionally, second slegves 352 of the plug 334 it within the second
receptacle 418 of the socket 336, As so mated, the pins 362 of the plug 334 it within the
electrical sockets 426 of the socket 336 such that an electrical connection is made between
the pin contacts 350 and the socket contacts 420. Additionally, the end faces of the
ferniles 372 of the plug 334 are spring biased against the end faces of the forrules 372 of
the socket 336, The ferrales 372 of the socket 336 it within the second slecves 352 such
that the second sleeves 352 function to co-axially align the ferrules 372 of the plug 334
and the socket 336, In this way, the optical {ibers held within the forrules 372 of the plug
334 and the socket 336 arc coaxially aligned such that optical signals can be readily
transferred between the optical terminals 354 of the plag 334 and the optical terminals 354
of the socket 336.

In certain examples, the fixture 338 can be incorporated into a plate or
incorporated o a housing {¢.g., the housing of a remote radio head) or otherwise
attached to a housing. In certain examples, the scaling enclosure 400 may only be
provided on one side of the hardencd optical and power connector system 332 and the
other side of an optical power and connection system 332 can be positioned within a
housing such as the housing of a remote radio head. Figure 27 shows an example of this
type of configuration where one side of the hardened optical and power connection system
332 is enclosed within the protective enclosure 400 while the opposite side is positioned
inside the housing of a remote radio bead. In this depicted example, a harness or jumper
can be coupled to the plug connector and/or socket connector positioned within the
housing of the telecommuunications component. The jomper can inclade an interface end
that interfaces optically and electrically with the plug or socket and jumper ends that
nterface with the power supply and the small for-factor pluggable transceiver (SFP) of the

remote radic head.
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In certain examples, the optical terminal includes a self-contained optical
conncction unit that can be incorporated into connectors of various styles and shapes to
convert the conmectors to optical comnectors. In certain examples, an optical terminal
mncludes an insert housing adapted to be inserted within a receptacle of a corresponding
comector. The tnsert housing at least partially houscs a ferrule assembly incloding a
fernule and a hub. In certain examples, the hub is captured within the fnsert housing and
the ferrule exits cutwardly from one end of the insert housing. In certain exampies, a
spring can be loaded within the insert housing and used to press the ferrule assembly
against a shoulder or other vetention structure provided within the insert housing. In
certain examples, the optical terodual is 2 module or unit that provides spring biasing of a
ferrule assembly. Tn certain examples, a separate structure is not needed within the
comector to provide spring biasing of the fernde assembly. Instead, the insert housing,
the spring and the ferrule assembly can all be loaded as a unit into the fiber optic
connector. fn ceortain exaroples, the ferrule of the ferrule assembly supports an optical
fiber that is potted or otherwise bonded within a central fiber passage of the ferrule. In
certain examples, optical fiber can have a stub end that extends at least partially through
the insert housing. In cortain examples, the stub can be optically spliced to an optical fiber
of a corresponding cable. In certain examples, the optical splice location can be provided
within the insert housing. In cortain examples, the nsert hoosing can mclude grooves,
slots, notches, or other structures that facilitate anchoring or otherwise retaining the insert
sleeve within a connector body. In certain examples, the spring is pre-biased prior to
loading the ferrale assembly and the spring into a8 corresponding connector. In certain
examples, the insert body can have a configuration that allows the optical terminal to be
used in many different types of conunectors. In certain examples, the optical torminal is a
separate module that can be pre-assembled and then loaded mio a fiber optic connector,

Certain aspects of the present disclosure also relate to an optical terminal
having a spring loaded ferrule assembly that is preassembled prior to installation within a
connector and that 1s loaded into the connector as a vnit. Io cortain examples, the spring
biased ferrule assembly includes a ferrule supported by a hub., The huib can be mounted
within an insert body. As depicted in the drawings disclosed herein, the insert body has a
generally cylindrical shape. In other examples, other types of shapes having different
transverse cross-sectional profiles (e.g., rectangular, square, oblong, etc.) can be used.
The insert body can function as a housing for the ferrule hob as well as a spring. A spring

stop can be incorporated into the insert bady, loaded into the insert body, attached with the
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insert body or otherwise coapled to the insert body for capturing the spring and the ferrcle
hub within the sert body. In certain cxamples, the optical terminal can be terminated to
the optical fiber of a fiber optic cable prior to loading the optical terminal nto a connector,
For example, the optical tevminal can be divectly terminated on the optical fiber of a fiber
optic cable by securing the optical fiber within the ferrule, polishing and otherwise treating
the end face of the ferrule and the optical fiber sceured therein, loading the ferrule and the
ferrube bub into the insert body, loading the spring o the insert boedy, and ther instaliing
a spring retainer. In certain examples, the spring can be nserted over the fiber before
terminating the fiber to the ferrule. In other exampies, an optical fiber can be pre-installed
within the ferrule and pre-polished with a stub extending outwardly from the back end of
the ferrule. In such an example, the stub can be sphiced to the optical fiber of a fiber optic
cable and then the ferrule assembly can be loaded nto the insert body of the optical
terminal. Once again, the spring can be placed over the fiber of the cable prior o splicing.
Thercfore, after inserting the terminated ferrule assembly wto the insert body, the spring
can be subsequently loaded into the insert body and then retained in place with a spring
retainer. In other examples, the optical terminal may be torminated to the optical fiber of a
fiber optic cable after the optical ternunal has been loaded into a connector. In certain
examples, an optical terminal having a ferrule, a biasing spring and an insert at jeast
partially containing the spring are pre-assembled and loaded into a connecior as a unit.
Figores 28-31 show another optical and power connection system 532 in
accordance with the principles of the present disclosure. Similar to the previously
described connection system 332, the connection system S32 includes a plug 534 that
mates with a socket 536, The connection system 532 can include the same type of
clectrical interface previously deseribed with respect to the system 332, However, the
conmector systemn 532 has been modified to include a different style of optical interface
that utilizes multi fiber forrules rather than single fiber ferrules. For example, as shown at
Fig. 30, the plag 534 includes a generally rectangular slecve 535 that houses a rectangular
roulti-fiber forrule that supports a plurality of optical fibers aligned along at least one row.
The socket 336 defines a rectangular receptacle 537 that receives the rectangular sleeve of
the plug 534 when the phig 5§34 and the socket $36 are mated together. A corresponding
muiti-fiber ferrule can be mounted within the receptacle. When the socket 536 and the
phug 534 ave mated together, end faces of the muiti-fiber ferrules oppose and abut one

another with their corresponding optical fibers placed in co-axial alignment with one
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another such that optical transmissions can be made between the optical fibers of the
aligned multi-fiber fornules.

Ancther aspect of the present disclosure relates to a hybrid connection
system including mating plugs and sockets having a mating geometry that provides optical
and electrical commections without requiring an ntermediate fiber optic adapter for
providing optical fiber alignment. Thus, the hardened power and optical connection
system has Udegrated fiber aligoment provided through a mating relationship between the
plug and the socket.

Various modifications and alterations of this disclosure may become
apparent to those skilled in the art without departing from the scope and spirit of this
disclosure, and it should be understood that the scope of this disclosure s not to be unduly

timited to the illustrative examples set forth herein.
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WHAT IS CLAIMED IS:

I A hybrid fiber optic connection system Coraprising:

a phlug including a plug housing defining first sleeves that project forwardly from a
main body of the plag housing, the plog also including at least one second sleeve that
projects forwardly from the main of the plug housing, the first and second slecves being
parallel, the plug further jncluding pin clectrical contacts positioned within the first slegves
and a ferrule positioned within the second sleeve; and

a socket that mates with the plog, the socket including a socket housing defining
first receptacies that receive the first sleeves of the plug when the socket and the plug are
mated together and at least one second receptacie for receiving the second sleeve when the
plug and the socket are mated together, the socket imchiding clectrical socket elgctrical
contacts mounted within the first receptacies and a ferrale mounted within the second
receptacle, wherein the pin electrical contacts are received within the socket electrical
contacts when the plug and the socket are mated together and optical fibers supported by
the ferrules of the plog and the socket are optically coupled when the plug and the socket
are mated together.

2. The hybrid fiber optic connection system of claim i, wherein the ferrules are
multi-fiber ferrules.
3. The hybrid fiber optic connection system of ¢laim 1, wherein the socket housing

and the plug housing bave a diclectric construction.

4. The hybrid fiber optic conmection system of claim 1, wherein the fermales are single

fiber ferrules.

5. The hybrid fiber optic connection systern of claim 4, wherein the plug ncludes two
of the second sleeves, wherein single fiber ferrules are mounted with each of the second
sleeves, wherein the socket includes two of the second receptacles for recciving the second
slecves, and wherein single fiber ferrules are mounted within each of the second

receptacles.
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6. The hybrid fiber optic connection system of ¢latm S, wherein the ferrules are part
of fiber termination modules including insert bodies inserted within openings defined by
the socket housing and the plug housing, wherein the fiber termination modules including
springs captured within the insert bodies and hubs captured within the msert bodies,
wherein base ends of the ferrules are supported by the hubs, wherein the springs bias the
hubs toward ends of the insert bodies, and wherein the ferrule project outwardly from the
ends of the inscrt bodies.

7. The hybrid fiber optic connection system of claim 1, further comprising sealing

housings that mount over the plug and the socket.

g. The hybrid fiber optic conmection system of claim 7, wherein the sealing housings
attach to a fixture by a threaded or bayonet-style connection, and wherein the housing
covering the plug is mounted on an opposite side of the fixture from the housing covering
the socket, and wherein fixture includes a throvugh-opening for receiving the phug and the

socket.

9. The hybrid fiber optic conmection system of claim |, wherein at least one of the
plug and the socket is coupled to a hybrid cable having an elongated transverse cross-
sectional profile, wherein the transverse cross-sectional profife of the hybrid cable
includes a major axis and a minor axis, wherein two clecirical conductors are position on
the major axis on opposite sides of the minor axis, and wherein optical fibers are

positioned within a passage through a contral region of the hybrid cable.

10, A fiber termination module comprising:

an msert body adapter for insertion within an opening of a connector body;

a spring captured within the insert body;

a hub captured within the insert body; and

a ferrule having a base end supported by the hub, wherein the spring biascs the hub
toward an end of the insert body, and wherein the ferrule project cutwardly from the end

of the tosert body.

11, The fiber termination module of claim 10, wherein the insert body is mounted with

an opening of a connector body.



WO 2015/120365 PCT/US2015/014977

12 The fiber termination module of claim 10, wherein the insert body is cylindrical

13, A method for assembling a connector having a fiber termination module, the fiber
termination module having an tnsert body carrying a spring biased ferrole, the method
comprising:

pre-asserabling the fiber termination module; and

imserting the pre-assembled fiber termination module in a connector body.
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