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FIBER OPTIC CABLE AND CONNECTOR ASSEMBLY INCLUDING INTEGRATED
ENHANCED FUNCTIONALITY

CROSS-REFERENCE TO RELATED APPLICATION(S)
This application is being filed on July 22, 2014, as a PCT International
s Patent application and claims priority to UL.S. Patent Applcation Serial No. 61/857,040
filed on July 22, 2013, the disclosure of which is incorporated herein by reference in its

cntirety.

TECHNICAL FIELD
The present disclosure relates generally to optical fiber commumication
10 systems. More particularly, the present disclosare relates to fiber optic connectors, fiber
optic connector and cable assemblies and methods for manufacturing.
BACKGROUND
Fiber optic commmunication systems are becoming prevalent in part because
service providers want to deliver high bandwidth commuonication capabilities (e.g., data

15 and voice) to customers, Fiber optic communication systems employ a network of fiber
optic cables to transmit targe volumes of data and voice signals over relatively long
distances. Optical fiber connectors are an important part of most fiber optic
communication systems. Fiber optic connectors allow two optical fibers to be quickly
optically connected and disconnected.

20 A typical fiber optic conmector includes a ferrule assembly supported at a
front end of'a connector housing. The ferrule assembly includes a ferrule and a hub
mourtted to a rear end of the ferrule. A spring is used to bias the ferrule asserably ina
forward direction relative to the connector housing. The ferrule functions to support an

end portion of at least one optical fiber (u the case of a multi-fiber ferrule, the ends of

[
L]

multiple fibers are supported). The ferrule has a front end face at which a polished end of
the optical fiber is located. When two fiber optic connectors are interconnected, the front
end faces of their respective ferrules abut one another and the ferrules are forced together
by the spring loads of their respective springs. With the fiber optic comnectors connected,
their respective optical fibers are coaxially aligned such that the end faces of the optical

30 fibers divectly oppose one another. In this way, an optical signal can be transmitied from
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optical fiber to optical fiber through the aligned end faces of the optical fibers. For many
fiber optic connector styles, alignment between two fiber optic connectors is provided
through the use of a fiber optic adapter that receives the connectors, aligns the ferrules and
mechanically holds the connectors m a connected orientation relative o one ancther.

Connectors are typically installed on fiber optic cables in the factory
through a direct termination process. In a direct termination process, the connector is
installed on the fiber optic cable by securing an end portion of an optical fiber of the fiber
optic cable within a ferrule of the connector. After the end portion of the optical fiber has
been secured within the ferrule, the end face of the forrule and the end face of the optical
fiber are polished and otherwise processed to provide an acceptable optical interface at the
end of the optical fiber.

Connectors can also be installed on fiber optic cables using an optical
splice. The optical splice can be mechanical splice or a fusion spiice. Mechanical splices
are often used for field terminated conuectors. Fusion splices can be used to fusion sphice
the optical fiber of the fiber optic cable to the rear end of an optical fber stub secured
within a ferrale. United States Patent Application Publication Pub. No. US 2014/0064665
Al discloses exarple splice-on connector configurations.

What is needed are cost effective and compact methods and structures for

mcorporating enhanced functionality into fiber optic connectors.

SUMMARY

Teachings of the present disclosure relate to methods, techniques and
structures for incorporating enhanced functionality into splice-on conmectors. In certam
exarples, such enhanced fonctionality can include signal filtration, signal monitoring,
connector presence detection and other functionalities. In certain examples, a signal
modification structure may be meorporated between a stub optical fiber supported by a
fernile and a corresponding optical fiber of a fiber optic cable. In certain examples, the
signaf modification structure may include signal filiration properties. In certain exampies,
the signal modification structure may foclude signal splitting or tapping properties. In
certain examples, the signal modification structure may include signal reflecting
properties. In certain examples, the signal modification structure is relative low cost and

can be effectively incorporated into a {iber optic connector in accordance with an efficient
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manufactoring process. In certain examples, the signal modification structure provides
enhanced functionality without substantially increasing the size or cost of the connector.
In certain examples, the signal modification structure can include films, sigoal
modification fibers or other structures.

One aspect of the present disclosure relates to a fiber optic cable and
connector assenbly. The assemibly includes a cable optical fiber, a ferruie, a stub optical
fiber having a first portion supported within the ferrule a second portion the projects
rearwardly the ferrule and a signal meodification fiber optically coupled between the stub
optical fiber and the cable optical fiber. The signal modification fiber is condigured to
support roultiple transmission modes over a predetermined signal wavelength range. The
cable optical fiber and the stub optical fiber are configured to support a single transmission
mode over the predetermined signal wavelength range. The assembly also mclades a hub
supporting the rear end of the ferrule and covering the second portion of the stub optical
fiber and at least a portion of the signal modification fiber,

Another aspect of the present disclosure relates to a fiber optic cable and
connector assermbly. The assembly inclodes a cable optical fiber, a ferrole that has a front
end and a rear end, the ferrude also defines a longitudinal bore, a stub optical fiber that has
a first portion supported within the longitudinal bore and a second portion that projects
rearwardly from the rear end of the ferrule, and a signal modification structure optically
coupled between the stub optical fiber and the cable optical fiber. The signal modification
structure can be configured at a desired splice angle to reflect certain wavelengths that are
used to monitor the presence of optical connectors.

A further aspect of the present disclosure relates to a fiber optic cable and
connector asserably. The asserably includes a cable optical fiber, a ferrule that has a front
end and a rear end, the ferrude also defining a longitudinal bore, a stub optical fiber that
has a first portion supported within the longitudinal bore and a second portion that projecis
rearwardly from the rear end of the ferrule, a signal modification stricture optically
coupled between the stub optical fiber and the cable optical fiber. The signal modification
structure can be configured to extract part of an optical signal. The assembly includes at
least one detector for detecting the presence of the extracted optical signal.

A variety of additional aspects will be set forth in the description that
follows. The aspects relate to individual features and o combinations of features. {tis to

be understood that both the foregoing general description and the following detailed
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description are exemplary and explanatory only and are not restrictive of the broad

inventive concepts upon which the embodiments disclosed herein are based.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a longitadinal cross-sectional view of a fiber optic cable and
connector assembly in accordance with the principles of the present disclosure;

FIG. 2 s an enlarged view showing a ferrule hub and splice locations for
the fiber optic cable and connector assembly of FIG. 1;

FIG. 3 18 a schematic, longitudinal cross-sectional view showing the mode
field for an optical fiber stracture of the fiber optic cable and connector assembly of FIG.
L

FIG. 4 is a cross-sectional view faken along section line 4-4 of FIG. 3;

FIG. 5 18 a cross-sectional view taken along section line 5-5 of FIG. 3;

FIG.

o

is a cross-sectional view taken along section line 6-6 of FIG. 3;

FIG. 7 s a flow chart iHustrating an exarople method in accordance with
the principles of the present disclosure for mamifacturing the fiber optic cable and
connector assernbly of FIG. {;

FIG. 8 is a schematic, longitudinal cross-sectional view of an alternate
embodiment of a signal modifying structure in accordance with the principles of the
present disclosure; and

FIG. 9 15 a schematic, longitudinal cross-sectional view of another aliernate
erobodiment of a signal modifying structure in accordance with the principles of the

present disclosure.

BETAILED DESCRIPTION

FIG. 1 illustrates a fiber optic cable and cormector asserobly 20 in
accordance with the principles of the present disclosure. The fiber optic cable and
connector assembly 20 includes a fiber optic connector 22 secured {0 the end of a fiber
optic cable 24. The fiber optic comector 22 includes a connector body 26 having a front
end 28 and a rear end 30. The fiber optic connector 22 also tachudes a ferrule assembly 32
mounted within the connector body 26. Ferrule assembly 32 includes a ferrule 34 having
a rear ¢nd supported within a fernide hub 36, A spring 3¥ bhiases the ferrule asserbly 32 in
a forward direction relative to the connector body 26. The fiber optic connector 22 alse

meludes a release sleeve 40 that 1s mounted over the conmector body 26 that can be pulled-
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back relative to the connector body to release the front end 28 of the connector body 26
from a corresponding fiber optic adapter. The {iber optic cable 24 is shown including an
outer jacket 42 that encloses a cable optical fiber 44 positioned within a protective buffer
46 (e.g., a bufler layer such as a loose buffer layer, a tight buffer layer or a loose/tight
buffer layer). The fiber optic cable 24 also ncludes a strength laver 48 {e.g., aramid yarn
or another type of tensile reinforcing material) positioned between the buffer tube 46 and
the outer jacket 42. The strength layer 48 is shown anchored (¢.g., crimped) to the rear
end 30 of the conmector body 26. The fiber optic connector 22 includes a tapered boot 50
that provides sirain relief and/or iber bend radius protection at the interface between the
fiber optic connector 22 and the fiber optic cable 24

Referring to FIGS. 1 and 2, the fiber optic connector 22 includes a fiber
structure 52 that is optically coupled {e.g., sphiced) to the cable optical fiber 44. The {iber
structure 52 includes an optical fiber stub 54 secured {e.g., adhesively affixed) within a
fongitudinal bore 56 of the ferrule 34. The optical fiber structure 57 also ncludes a signal
modification structure 58 (e.g., a signal modification fiber) positioned between the cable
optical fiber 44 and the optical fiber stub 54. The signal meodification structure 58 can be
configured to provide a variety of signal roodification functions. For example, the signal
modification structure 58 can function as a bandpass filter, as an edge Gler (e.g., low to
high or high to low), as a wavelength filter, as a splitter, or as a signal attenuator. In one
exampie, the signal modification structure 3¥ ¢an be a multi-mode interference filter that
filters signals of a cerfain wavelength or wavelength range through multi-modal
mterference and refmaging. n certain examoples, the signal roodification structure 58 can
be a film that reflects a certain wavelength which is used to monitor the presence of
optical connectors in a network. This example is iilustrated and described in more detail
with reference to FIG. 8. In other examples, the signal modification structure 58 can be a
splice beamsplitier that sphits off part of an optical signal. The sphce beamsplitter is
itiustrated and described in move detail with reference to FIG. 9.

As used herein, “mode field” means the portion of an optical fiber through
which light passes during a transmission through the optical fiber of a light signal having a
predetermined wavelength. It will be appreciated that the “mode field” of a given optical
fiber may vary depending upon the wavelength of the light signal being transmitted
thevethrough. As used herein, the “mode field area” s the transverse cross-sectional arca
of the mode {ield at a given location of the optical fiber. The “mode field area” is

L

typically circular and defines a mode field diameter across the mode field area. The mode

(]
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field diameter can be defined at the location where the power density is reduced to 1/e of
the maximum power density. The mode ficld arca can also be referred to as a “spot area”
or “beamn area” and the mode field diameter can also be referred to as the spot stze or
beam width.

It will be appreciated by those of skill in the art that the fiber optic
connector 22 depicted at FIG. 1 is an SC style connector. 1t will be appreciated that the
various aspecis of the present disclosure are also applicable to other types of connectors
having different form factors. Example other types of connectors include LC connectors,
ST connectors, or ruggedized/hardened connectors of the type disclosure at U.S. Patent
Nos. 7,744,286 and 7,090,407 which arc hereby mcorporated by reference.

Referring back to FIG. 1, the ferrule 34 can be positioned at least partially
within the connector body 26 adjacent the front end 28 of the connector body 26, The
fernife 34 includes s front end 60 positioned opposite from a rear end 62. The front end
66 includes an end face 64 at which an Interface end 66 of the optical fiber stub 54 is
focated. The longitudinal bore 56 of the ferrule 34 extends through the ferrule 34 from the
front end 60 to the rear end 62. The optical fiber stub 54 inchides a first portion 68 and a
sccond portion 70, The first portion 68 can be sccured within the longitudinal bore 56 of
the ferrule 34 and the second portion 70 can extend rearwardly {rom the ferrule 34. The
first portion 68 of the optical fiber stub 54 is preferably secured by an adhesive {e.g.,
epoxy) within the longitudinal bore 56 of the ferrule 34, The interface end 66 of the
optical fiber stub 54 can include a polished end face accessibie at the front end 60 of the
ferrule 34, The optical fiber stub 54 can extend all of the way through the ferrule 34
without any splices within the ferrale 34.

In one example, the optical fiber stub 54 maintains a constant mode ficld
diameter along its length. In one example, the optical fiber stub 54 is a step-index optical
fiber having a core 200 {sce FIG. 3) surrounded by a cladding 202 {see FIG. 3) with a
discrete radial step in refractive index between the core and the cladding. o certamn
exaraples, the optical fiber stub 54 can function as a single-mode fiber for optical
transmissions having wavelengths in the range of 1260 to 1650 nanometers by supporting
a single fundamental mode over this range of wavelengths. In certain examples, the
optical fiber stub 54 has a core diameter in the range of 5-15 microns or in the range of -
12 microns, or in the range of 9-11 mucrons. In certain exampies, the optical fiber stub 54

1
i

can have a cladding having an cuter diameter in the range of 120 to 130 micrometers. In

other examples, the optical fiber stub can accommodate multi-mode optical transmissions,



WO 2015/013264 PCT/US2014/047601

10

Attorney Docket No. 02316.3769W0UL

Referring to FIG. 2, the longitudinal bore 56 of the ferrule 34 can have a
stepped diameter. For example, the longitudinal bore 56 can have a {irst diameter d1 that
1s targer than a second diameter d2. The first diameter di can be posttioned at the front
end of the ferrule 34 and the second diameter d2 can be positioned adjacent the rear end of
the ferrale 34. In certain examples, the portion of the optical fiber stub 54 within the
section of the longitudinal bore 56 having the first diameter d1 can be protected by a
protective coating (€.g., acrylate or other polymeric material) and the portion of the optical
fiber stub 54 within the section of the longitudinal bore 56 having the second diameter d2
includes bare glass (i.e., a glass core and ciadding that is not surrounded by a protective
coating).

in certain examples, the cable optical fiber 44 1s a step-index optical fiber
having a core 204 (see FIG. 3) surrounded by a cladding 206 (sce FIG. 3}, In a step index
optical fiber, a discrete step in refractive index is provided radially between the core and
the cladding. In one example, the cable optical fiber 44 can function as a single-mode
fiber for optical transmissions having wavelengths in the range of 1260 (o 1650
nanometers by supporting a single fimdamental mode over this range of wavelengths. In
certain examples, the cable optical fiber 44 has a core diameter in the range of 5 to 15
micrometers, or in the range of 8 to 12 micrometers, or of about 9-11 micrometers. o
certain examples, the cable optical fiber 44 can be configured to accommodate mulii-mode
optical transmissions. Portions of the cable optical fiber 44 can be protecied by a coating
{e.g., acrylate or other polymeric material) that surrounds the cladding layer,

The signal modification structure 58 of the optical fiber structure 52 can be
configured as an optical filter (e.g., a bandpass or edge filter} for filtering certain hght
wavelengths while allowing other wavelengths to pass therethrough. In one example, the
optical fiber stub 54 is a step-index optical fiber having a core 214 swrounded by 2
cladding 216 with a discrete radial step in refractive mndex between the core and the
cladding. In certain examples, signal modification structure 58 is designed to excite
rultiple guided modes in response to foput signals within a predetermined range of
wavelengths (e.g., 1260-1650 nanometers). o certain examples, the signal modification
structure 58 has a core diameter greater than 10 micrometers, or greater than 2
micrometers, or greater than 30 micrometers, or greater than 40 micrometers, or greater
than 50 micrometers. In other examples, the signal modification fiber segment has a core

diameter within the range of 50 to 100 micrometers. In other cxamp}es the signal

Ux

modification struc & has a core diameter in the range of 10 to 125 micrometers. In

-3
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still other examples, the signal modification structure 58 can have a cladding having an
uter diameter o the range of 120 to 130 micrometers.

{n certain examples, the signal modification structure 3% has a core
diameter that is larger than the core diameter of the cable optical fiber 44 and is also larger
than the core diameter of the optical fiber stub 54, In certain examples, the signal
structure 58 has a mode {ield diameter that is larger than the mode field diameter of the
cable optical fiber and is also larger than the mode field diameter of the optical fiber stub
54. In certain examples the core diameter of the signal modification structure 58 is at least
2,3, 4 or 5 times as large as the core diameter of the cable optical fiber 44. In certain
examples the core diameter of the signal modification segment 58 is at least 2,3, 4 or 5
times as large as the core diameter of the optical fiber stub 34, In certain examples the
mode field diameter of the signal modification stracture 58 is at feast 2, 3, 4 or 5 times as
large as the mode field diameter of the cable optical fiber 44. In certain examples the
mode field diameter of the signal modification structure 58 is at least 2, 3, 4 or 5 times as
large as the mode ficld dlameter of the optical fiber stub 54. By splicing the larger mode
field diameter of the signal modification structure 58 between smaller mode field diameter
segmenis 44, 54, modes excited i the signal modification structure 58 form an
mterference patiern that can be used to effectively modulate the spectrum of the input ght
signal. By selecting signal modification structures 58 with different
properties/characteristics {¢.g., length, core diameter, refractive properties, etc.), different
spectral respounses can be achieved via multi-modal jnterference and re-imaging.

Referring to FIG. 3, an example mode field configuration for the optical
fiber structure 52 is depicted. As shown at FIG. 3, the signal modification stracture 581is a
multi-mode fiber (i.c., a fiber that supporis/excites multiple optical transmission maodes
across a pre-determined range of mput signal wavelengths) that is spliced between the
cable optical fiber 44 and the optical {iber stub 54 50 as lo provide an optical couphing
between the cable optical fiber 44 and the optical fiber stub 54. The fibers 44, 54 can be
single mode optical fibers (i.e., fibers support a single fundamental transmission mode
across a pre-determuned range of input signal wavelengths})., The signal modification
structure 58 1s spliced to the cable optical fiber 44 at splice location 72 and the signal
modification structure 58 is spliced to the optical fiber stub 54 at splice location 74, Ina
preferred example, the sphce locations 72, 74 are poesitioned mside the ferrule hub 36 suc
that the ferrole hub 36 protects and encloses the sphce locations 72, 74, Tt will be

appreciated that at the time of splicing, the signal modification structure 58 can include a
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bare glass section, and the ends of the cable optical fiber 44 and the optical fiber stub 54
can also be bare glass (i.c., uncoated glass). After splicing, a protective butfer layer 76
can be provided over the splice Jocations 72, 74 and over the signal modification structure
58, Thereaflter, the fernide hub 36 can be positioned (e.g., over molded) over the rear end
of the ferrule 34 and over the optical fiber structure 52, In this way, the second portion 7
of the optical fiber stub 54, the signal modification structure 58, an end portion of the
cable optical fiber 44 and the rear end of the ferrule 34 can ali be contained within the
ferrole hub 36. The spring 38 can abut against the ferrule hub 36 1o bias the ferrule
asserbly 32 in the forward direction. This allows for a compact, low cost connector in
which the signal modification structure 58 is integrated within the comnector body and can
be fully protected within the hub. In other examples, the signal modification structure 58
may extend outside the hub.

Referring still to FIG. 3, the signal modification structure 58 provides a
discrete increase {e.g., a step) in mode field diareter from the smaller core of the cable
optical fiber 44 {o the larger core of the signal modification structure 58 and also provides
a discrete decrease in mode field diameter form the larger core of the signal modification
structure 58 to the smaller core of the optical fiber stub 54, FiG. 4 shows a mode field
area 208 of the cable optical fiber 44 having a mode field diameter DI, FIG. S showsa
larger mode ficld area 210 of the signal modification structure 58 having a mode f{ield
diameter D2, FIG. 6 shows a mode field area 212 provided by the stub optical fiber 54.
The mode field area 212 has a mode ficld diameter D3,

In the depicted example, splice location 74 is spaced rearwardly from the
rear end of the ferrule 34, In certain examples, the sphice location 74 is positioned no
more than 20 mithimeters from the rear end of the ferrale 34, In still other examples, the
splice location 74 18 positioned 5 millimeters or less from the rear end of the ferrule 34, In
some examples, the first and second splice locations 72, 74 are fusion sphices. The splice
locations 72, 74 can inclode factory fusion splice. A “factory fusion splice” is a splice
performaed at a manufacturing facility as part of a manufacturing process. n certain
exaroples, an active alignment system is used 1o align the fiber sections prior to sphcing.
In still other examples, the splices can be a ficld splices.

Referring back 1o FIG. 1, the connector body includes a front piece 120 and
a rear piece 122, The front picce 120 forms the front interface end 28 of the fiber optic
connector 22 and the rear piece 122 is configured to allow the strength layer 48 {e.g.,

ararnid yarn, fiberglass or other strength members capable of providing tensile

PCT/US2014/047601
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reinforcement to the fiber optic cable 24} of the fiber optic cable 24 to be anchored. In
some exarapics, the strength layer 48 can be secured to the rear picce 122 of the connector
body 26 with a roechanical retainer such as a crimped sleeve. In other examples, adhesive
or other means can be used to secure the strength layer 48 to the conmector body 26.

The front and rear pieces 120, 122 of the connector body 26 can
interconnect the other by connection such as a snap it connection, an adhesive connection
or other type of connection. When the front and rear pieces 120, 122 are connected
together, the spring 38 and the ferrule hub 38 are captured between the front and rear
picces 120, 122, The hub 36 can be shaped to include a flange 160 that engages the spring
38. Additionally, the hub 36 can be configured to support the rear end of the ferrule 34
within the connector body 26, Furthermore, a forward end of the flange 160 can be
configured to engage a shoulder 161 within the connector body 26 to halt forward
movement of the ferrale assembly 32 caused by the forward bias of the spring 38. The
spring 38 can be captured within a spring pocket 162 defined by the rear piece 122 and, as
described above, can function to bias the ferrule asserobly 32 in a forward direction
relative to the connector body 26. The hub 36 is a stractare secured on the ferrule 34 such
that the ferrule 34 and the hub 36 move together as a unit relative to the connector body
26. As described above, the hub 36 can include structure that interferes with an internal
structure {e.g., a stop) of the connector body 26 to Hmit the forward movement of the
fernile assembly 32 and to prevent the fermule assembly 32 from being pushed out the front
end of the connector body 26 by the spring 38,

As described above, the fiber optic connector 22 1s shown having an SC-
type intermatability profile. As such, the fiber oplic conmector 22 can be adapted to be
received within an SC-type fiber optic adapter that is used to couple two of the connectors
together to provide an optical connection thereinbetween. When the fiber optic connector
22 1s inserted within a fiber oplic adapter, exterior shoulders of the connector body 26 are
engaged by latches of the fiber optic adapter to retain the fiber optic connector 26 within
the fiber optic adapter. To release the fiber optic connector 22 from the adapier, the
release sleeve 40 18 shd rearwardly relative to the connector body 26 thereby causing the
Iatches of the fiber optic adaptor to disengage from the exterior shoulders of the connector
body 26 such that the fiber optic connector 22 can be withdrawn {rom the fiber optic
adaptor. An exanple {iber optic adaptor is disclosed at U5, Patent No. 5,317,663 whicl

is hereby incorporated by reference in is entirety.
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The interface end 66 of the optical {iber stub 54 can be polished in a
conventional fashion to produce conventional end face geometry such as, but not limited
to, straight, flat, curved or slanted configurations without modifying the length and degree
of expansion provided by the signal modification structure 58, The ferrule 34 can be

onstructed of a relatively hard material capable of protecting and supporting the first
portion 68 of the optical fiber stub 54. In one example, the ferrule 34 has a coramic
construction. In other examples, the ferrule 34 can be made of alternative material such as
Ultem, thermoplastic material such as polyphenylene, sulfide (PPS), or other engineering
plastics or metals. In certain examples, the ferrele 34 can bave a longitudinal length in the
range of 5-15 millimeters.

{n some exampies, the hub 36 can have a polymeric construction that has
been overmolded over the rear end of the ferrule 34 and over the splice locations {e.g.,
splice locations 72 and 74 or splice locations 72, 74 and 80). Additionally, in certain
examples, the overmolded hub 36 can be formed of a hot melt adhesive or other material
that can be applied and cured at relatively low molding temperatures and pressures. The
ferrole hub 36 can also be formed from a UV corable material (i.c., materials that cu
when exposed to ultravielet radiation/light), for example, UV curable acrylates, such as
QPTOCAST™ 3761 manufactured by Electronic Matenials, Inc. of Breckenridge,

Colorado; ULTRA LIGHT-WELD® 3099 manufactured by Dymax Corporation of
Torrington, Connecticut; and 3M™ Scotch-Weld™ manufactured by 3M of St. Paul,
Minnesota. The use of UV curable materials 1s advantageous in that curing can occur at
room temperature and at generally lower pressures {e.g., less than 30 kpsi, and generally
between 20-30 kpsi). The availability of low pressure curing helps to insure that the
components, such as the optical fibers, being overmaolded are not damaged during the
molding process. By protecting the splices within the hub at a location in close proximity
to the ferrale 36, it is possible to manufacture a fiber optic connector that s relatively short
in length. Providing one or more of the splice locations within 5 millimeters of the rear
end of the ferrule 34 assists in designing the fiber optic connection in comphance with
stemdard industry for customer side load and connector length specifications {e.g., GR-326
size load and length requirements).

FIG. 7 s a flow chart iflustrating an example method 150 for
manuiacturing the fiber optic cable and connector assembly 20. Tn this exanple, the

method 150 includes operations 152, 154, 156, 158, 160, 162, 164 and 166,

[
[
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The operation 152 is performed to secure the optical fiber stub 54 1 the
ferrule 74. As previously described, the optical fiber stub 54 can be adhesively secured
within the bore of the ferrule 34,

The operation 154 is performed to polish the end face 64 of the fernile 34
and the corresponding interface end 66 of the optical fiber stub 54 secared within the
fernife 34, The end face of the nterface ond 66 of the optical fiber stub 54 can be polished
having a desired geometry,

The operation 156 is performed to cleave the rear end of the optical fiber
stub 54, In one example, after cleaving, the rear end of the optical fiber stub 54 can be
within 3 milhmeters of the rear of the ferrule 34,

The operation 158 ia performed to splice the signal modification structure
58 to the rear end of the optical fiber stub 54.

The operation 160 1s performed to cleave the signal modification scgment
5% to a controlled length. The length of the signal modification structure 58 can be
controlled to achieve desired {iltration properties or other optical properties. Both ends of
the signal modification structure 58 can be cleaved prior to splicing to the optical fiber
stub 54, or one end of the signal modification structure 58 can be cleaved after sphcing to
the fiber optic stub 54.

The operation 162 then is performed to splice the signal modification
structure 58 to the cable optical fiber 44.

The operation 164 is performed to fustall the ferrule hub 36 over the rear
end of the ferrule 34 and over the splice locations. The ferrule hub 36 can contain and
protect the signal modification structure 58 and the various splices used to couple the
signal modification structure 58 between the optical fiber stub 34 and the cable optical
fiber 44.

The operation 166 is performed to install the ferrule assembly 32 1n the
connector bedy 26, In certain embodiments, the rear connector picce 122 and the spring
have been shid over the cable optical fiber 44 prior to over molding the hub. 1n this step,
the ferrule assembly 32 is loaded mto the front piece 120, the spring is shid from the cable
optical fiber 44 {o a position behind the hob and within the front connector piece 120, and
the rear connector picce is slid forwardly from the cable optical fiber 44 info engagement
with the fromt connector picce 122 thereby capturing the b and the spring between the

front and rear conneclor pieces 120, 122,
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Another aspect of the present disclosure relates to a method for mass
producing and distributing fiber optic connector assemblics. One aspect of the method
relates to the centralized manufacturng of large quantities of ferrules having optical fiber
stubs mounted therein. The optical fiber stubs can be of the type deseribed herein. In
certan examples, the velume of the ferrule and stub combinations manufactured at a given
centralized location can exceed a volume of 500,0600; 1,000,000: 2,000,000: or 3,000,000
per year. The ferrule and stub combinations can be manufactured i a first factory
ocation using highly precise polishing techunology and equipment. The first factory
location can be used to manufactore the ferrule and stub assemblies according to method
operations 152-154 such that the ferrule assemblics mamufactured at the central location
each include a ferrule 34 and an optical fiber stub 54 of the type described herein.

The method also leads to distributing the ferrule and stub assemblies
manufactured at the first factory location to regional factories/mass production locations
closer to the intended point of sales. During shipping of the ferrule and stub assemblics,
the rear portions 70 of the optical fiber stubs 54 can be coated with a protective coating
Iayer (e.g., acrylate} to provide protection during transit, and or covered with a protective
cap secured to the back end of the ferrule. Similarly, dust caps can be proved over the
front ends of the ferrules 34, The ultimately small size of the ferrale and stub fGber
assemblies allows large, large volumes of such ferrule and stub fiber assemblies to be
effective shipped at relatively low cost. High costs associated with extensive shipment of
cable can be significantly reduced. At the regional locations, the protective coatings can
be stripped from the fiber stubs and operations 156-166 can be performed at the regional
factory locations to splice the signal modification stractare 58 to the optical fiber stubs 54
and to spiice the signal modification structure 58 to the cable optical fibers 44.

Aspeets of the present disclosure allow fermile assernblies to be
manufactured in large volumes at manofacturing locations where the process is most class
effective. The ferrule assemblies, which are small in size, can be effectively stripped in
bulk to factory/asserably locations closer to customer locations where the ferrule
assemblies can be spliced to fiber optic cables and a final connector assembly can take
place. In this way, shipping of the cable itself (which tends to be larger in size and
weight) can be minimized. Also, final assembly can be made closer to customer locations
thereby increasing lead times. Global supply chaing can also be enhanced.

In other embodiments, steps 152-160 can be performed at the central

marmufacturing location. Once the optical fiber stubs 54 have been processed with the

-~
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ferroles 34 and the signal modification structure 58 have been spliced to the optical fiber
stubs, protective caps (e.g., dust caps, can be placed over the front and rear ends of the
ferrules to protect the fnterface ends 66 of the optical fiber stubs 54 as well as the signal
modification structure 58 and their corresponding splices. Thereafler, the protected ferrule
assemblies can be shipped to regional locations for {inal assembly on a cable {e.g., steps
162-166).

Referring to FIG. 8, a schematic view of a fiber optic cable 24aand a
ferrole assembly 32a is shown. In this example, the signal meodification structure 58a is a
film coating applied at a sphce joint. In one example, the film coating can function as a
wavelength selective filter (WDM) for reflecting certain wavelengths. The determination
of the specific wavelength reflected can be controlled by the angle of the {ilier.

Similar to the signal modification structure 58 described above, the signal
modification structure 58a can be spliced between the cable optical fiber 44a and the
optical fiber stub 54a g0 as to provide an optical coupling between the cable optical fiber

44a and the optical fiber stub 54a. For the sake of brevity, only those portions of this

1
i

g
i

discussed above will be

exarple that differ from the example llustrated in FIGS. 1-
described fo detail. ¥o the example shown, the splice can be covered with an overmold 90
behind or separate from the hub. It will be appreciated that the splice can also be mside
the b as described above in reference to FIGS. 1-2.

The signal modification structure 58a can be used to reflect a certain
wavclength which can be used to monitor the presence of optical connectors in a network.
In order to achicve the proper reflection of wavelengths, the angle of the signal
modification structure 58a is controlled. For example, when the signal modification
structure 5&a is applied to a perpendicular splice {e.g., 0° angle of incidence) too much
light may be reflected at the signal wavelength (1310, 1550nm). This can result in an
undesirable retorn loss (RLY {or the commector. On the other hand, when the signal
modification structure 5%a is applied to an &° splice angle, only a smal amount of the light
{c.g., monitor wavelength, 1400mm) will be coupled back into the fiber. For example, if
the signal modification structure 58a is perfectly reflective at the monitor wavelength, the
reflected momnitor signal 92 will be about 70 dB less than the initial monitor signal.

In one example, the splice angic can be between about §° and 8°. The
determination of the angle roay also depend on filter characteristics. It will be appreciated
that the angle may vary in other embodiments. For example, the signal modification

structure 58a can be manufactured such that 100% (0 dB) of the monitor wavelength

14
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(1400 nmy is reflected, and -30 dB of the ransmitted signal wavelengths (1310, 1350 nmy)
are refiected. In such example, the sphice angle can be between about 57 and 7° resulting
m a return loss of about 30 to 60 dB at the monitor wavelength (1400 nm) and 60 10 20 dB
at the signal wavelengths (1310 and 1550nm). The reflected signal 1s then used 1o detect
the presence of a connector in the network.

Referring to FIG, 9, a schematic view of a fiber optic cable 24band a
ferrule assernbly 32b s shown. in this example, the signal modification structure 58b is a
sphice beam splitter. The sphice beam splitier can be used to monitor bi-directional optical
signals 94 in a fiber optic cable 24b. For example, a portion of the signal be
extracted/tapped (e.g., split off ) from the main signal path and directed 1o monitoring
equipment for providing continuous signal monitoring.

Similar to the signal modification structure 58 described above, the signal
modification structure 58b can be spliced between the cable optical fiber 44b and the
optical fiber stub 54b so as o provide an optical coupling between the cable optical fiber
44b and the optical fiber stub 54b. For the sake of brevity, only those portions of this
exarnple that differ from the example Hustrated in FIGS. 1-7 discussed above will be
described in detail.

As shown, the splice beam splitter can be covered with an over mold 90.
The over mold 90 may be transparent at the wavelengths of the optical signal. As
described above, the splice may be made in the factory or in the field. The signal
modification structure 38b may nclude both factory and field fibers that are cleaved at

qual angels. The factory or field fibers may be standard or bend-imsensitive single mode
or multimode fiber. The fibers can be aligned such that the fiber faces are coplanar. In
one exarmple, the surface of the ficld fiber can be prepared such that the sphice reflecis a
small amount of light from the optical signal path. The signal modification structure 58b
can be used to extract off part of the signal such that the signal can be read by a first
detector 96 and a second detector 98, The {irst and second detectors 96, 98 can include a
farge arca having a low speed to allow as vuuch light to be coliccted as possible. This
structure allows for the detection of the presence of optical signals while making it
impossible to intercept high-speed data. In one example, the detectors 96, 98 are placed
on opposite sides of the over mold 90,

5
b
i

In the example shown, a 457 cleave angle is shown, resulting in reflections
at 90° from the fiber axes. It will be appreciated that a smaller angle may be used in other

embeodiments. The piacement of the detectors and the shape of the over mold material can
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be adjusted accordingly. The optical data path can be anaffected by the presence of the
signal modification structure 58b. The transmitted signal reduction can be less than about
0.1 dB. In other exanples, the signal reduction can be as low as about 0.01 dB. To
minimize modal noise ntroduced when the fiber cores are offset, the spliced fibers will be
coaxial {e.g., aligned fiber cores).

The signal madification structure 58b provides for a flat surface resulting in
the most efficient way to extract light from the optical signal path to the detectors 96, 98,
Light can be reflected away from the fiber core to the detectors 96, 98, The over mold
material can be ransparent to match the index of refraction of the fiber cladding. This
allows the light to propagate from the sigoal modification structure 58b as a Gaussian
beam which will diverge very hitle over the short distance to the detectors 96 98, In one
example, the distance can be about 1 millimeter {mm}. One connector can independently
detect optical traffic bi-directionally.

Oue example of manufacturing a signal modification structure 58b includes
applying a diclectric coating to the factory fiber. The coating may consist of a single layer
of glass, or ay contain several layers of different glasses deposed using stand coating
methods (e.g., evaporative coating, chemical vapor deposition, sputtering, ¢tc.). The
thickness of the coating can be between about 0.1 and 10 mucrometers {(pm). In certain
examples, it may be possible to adjust the splicing parameters such that the resolting sphce
creates a small reflection, forming the signal modification structure 58b. For example, the
are treatment used to clean the fiber tips prior to splicing may be optimized to provide &
small reflection at the sphice joint. In other exarples, it may be possible to introduce a gas
that will form a coating on the fiber ends when the pre-cleaning arc is performed.

From the foregoing detailed description, it will be evident that
modifications and variations can be made without departing from the spinit and scope of

the disclosure.
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WHAT IS CLAIMED IS:

I A fiber optic cable and connector assembly comprising:

a cable optical fiber;

a ferrule having a front end and a rear end, the ferrale also defining a longitudinal
bore;

a stub optical fiber having a fivst portion supported within the longitudinal bore and
a second portion that projects rearwardly from the rear end of the ferrule;

a signal maodification fiber optically coupled between the stub optical fiber and the
cable optical fiber, the signal modification fiber being configured to support multiple
transmission moedes over a predetermined signal wavelength range;

the cable optical fiber and the stub optical fiber being configured to support a
single transmission mode over the predetermined signal wavelength range; and

a hub supporting the rear end of the ferrule and covering the second portion of the

stub optical fiber and at least a portion of the signal medification fiber.

2. The fiber optic cable and connector asserably of claim 1, wherein the signal

modification fiber functions as a bandpass filter.

3. The fiber optic cable and connector assembly of claim 1, wherein the signal

modification fiber functions as an cdge filter.

4. The fiber optic cable and connector asserably of claim 1, wherein the signal
modification fiber is a stepped index fiber having a having a stepped refractive fndex

rofile defined radially between a core and a cladding of the signal modification fiber.
3 & g

5. The fiber optic cable and connector assembly of claim 1, wherein the cable optical
fiber and the stub optical {iber have a core diameter in the range of 8-12 microns, aud

wherein the signal modification fiber has a core diameter of at least 20 microns.

6. The fiber optic cable and connector assembly of claim 5, wherein the core diameter

of the signal modification siructure is at least 30 microns.
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7. The fiber optic cable and connector assembly of claim 5, wherein the core diameter

of the signal modification fiber is at least 40 microns.

8. The fiber optic cable and connector assembly of claim 5, wherein the core diameter

of the signal modification fiber is at least S0 microns.

g, A fiber optic cable and connector assembly comprising:

a cable optical fiber;

a ferrule having a front end and a rear end, the ferrule also defining a longitudinal
bore;

a stub optical fiber having a first portion supported within the longitudinal bore and
a second portion that projects rearwardly from the rear end of the ferrule; and

a signal modification stracture optically coupled between the stub optical fiber and
the cable optical fiber, the signal modification structure being configured at a desired

splice angle to reflect certain wavelengths.

10, The fiber optic cable and connector assembly of claim 9, wherein the signal

modification structure is a flm.

1. The fiber optic cable and connecior assembly of claim 9, wherein the desired sphice

angle is between about (° and 8°.

12, The fiber optic cable and connector assembly of claim 9, wherein the reflected

wavelengths are used to monitor the presence of optical connectors.

13, A fiber optic cable and conmector assembly comprising:

a cable optical fiber;

a ferrule having a front end and a rear end, the ferrule also defining a longitudinal
bore;

a shib optical fiber having a first portion supported within the longitudinal bore and
a second portion that projects rearwardly from the rear end of the ferrule;

a signal modification structure optically coupled between the stub optical fiber and
the cable optical fiber, the signal modification stnicture being configured to extract part of

an optical signal; and

18
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the presence of the extracted optical signal.

at ieast one detector for detecting

14, The fiber cable and connector asserably of claim 13, wherein the signal
modification structure 18 a splice beam splitier.

15.  The fiber cable and connector assembly of claim 13, wherein the extracted optical
signal is 90° from a fiber axes.
16.  The fiber cable and connector assembly of claim 14, wherein the splice beam
splitter is a dielectric coating applied to a fiber.

17.  The fiber cable and connector assembly of claim 16, wherein the coating thickness
is about 0.1 um.
18, The fiber cable and connector assembly of claim 16, wherein the coating thickness
is about 10 um.

19, The fiber cable and connector assembly of claim 16, wherein the coating thickness
is greater than about 0.1 pm.
20, The fiber cable and connector assembly of claim 16, wherein the coating thickness
18 less than about 10 pm.
at least one

The fiber cable and connector assembly of claim 13, wherein the

21.
detector monttors bi-directional optical signals in the cable optical {iber.

A fiber optic cable and connector assembly comprising:

22.

a cable optical fiber;

a ferrule having a front end and a rear end, the {ferrule also defining a longitudinal
bore;

a stub optical fiber having a first portion supported within the longitudinal bore and

a second portion the projects rearwardly from the rear end of the ferrule; and
a signal modification stracture optically coupled between the second portion of the

stub optical fiber and the cable optical {iber, the signal modification structure being

19
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configured to provide a functionality selected from the group consisting oft signal

splitting; signal filiration; and signal reflection.
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