
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date W O 2017/074670 A l
4 May 2017 (04.05.2017) P O P C T

(51) International Patent Classification: (72) Inventors: ISENHOUR, Micah Colen; 1008 Park Circle,
G02B 6/38 (2006.0 1) G02B 6/44 (2006.0 1) Lincolnton, North Carolina 28092 (US). OVERCASH,

Jerald Lee; 390 Whisper Drive, China Grove, North Caro
(21) International Application Number: lina 28023 (US).

PCT/US20 16/055497
(74) Agent: BRANHAM, Robert L.; Corning Optical Commu

(22) International Filing Date: nications Lie, Intellectual Property Department SP-TI-03-
5 October 2016 (05. 10.2016)

1, Corning, New York 1483 1 (US).
(25) Filing Language: English

(81) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(30) Priority Data: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,

62/248,490 30 October 20 15 (30. 10.20 15) US DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(71) Applicant: CORNING OPTICAL COMMUNICA¬ HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

TIONS LLC [US/US]; 800 17th Street NW, Hickory, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,

North Carolina 28601 (US). MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

[Continued on nextpage]

(54) Title: TRACEABLE CABLE ASSEMBLY AND CONNECTOR

(57) Abstract: A connector (26) for a traceable cable (12) having a
tracing optical fiber (36), and a cable assembly having the same. The
connector (26) includes a connector housing (42) and a light pipe
(64) positioned at least partially within the connector housing (42).
The light pipe (64) has at least one tracing optical fiber interface (66)
configured to be optically coupled to the tracing optical fiber (36).
The light pipe (64) also has at least one tracer light interface (68) op
tically accessible from outside of the connector housing (42). The
light pipe (64) defines an optical path configured to direct tracer
light from the at least one tracing optical fiber interface (66) to the at
least one tracer light interface (68). The at least one tracer light inter
face (68) is configured to receive and emit the tracer light directed by
the optical path.

o

o FIG. 4

©

o



wo 2017/074670 Ai II II II I III IIII II II II III! II II III II I II

(84) Designated States (unless otherwise indicated, for every SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
kind of regional protection available): ARIPO (BW, GH, GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

Published:TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, — with international search report (Art. 21(3))
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, ΓΓ , LT,
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE,



TRACEABLE CABLE ASSEMBLY AND CONNECTOR

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority of U.S. Provisional Application Serial No.

62/248,490, filed October 30, 2015, the content of which is relied upon and incorporated herein

by reference in its entirety.

BACKGROUND

[0002] This disclosure generally relates to traceable cable assemblies and systems. More

particularly, the present disclosure relates to traceable cable assemblies and systems provided

with launch points to facilitate traceability.

[0003] Computer networks continue to increase in size and complexity. Businesses and

individuals rely on these networks to store, transmit, and receive critical data at high speeds.

Even with the expansion of wireless technology, wired connections remain critical to the

operation of computer networks, including enterprise data centers. Portions of these wired

computer networks are regularly subject to removal, replacement, upgrade, or other moves and

changes. To ensure the continued proper operation of each network, the maze of cables

connecting the individual components must be precisely understood and properly connected

between specific ports.

[0004] In many cases, a data center's cables, often called patch cords, are required to bridge

several meters across the data center. The cables may begin in one equipment rack, run through

the floor or other conduit, and terminate at a component in a second equipment rack.

[0005] As a result, there is a need for an improved cable or cable assembly that allows a select

cable to be quickly and easily traceable for the purpose of identifying an approximate terminal

end of a given cable that is being replaced, relocated, or tested. Particularly, there is a need for a

launch point that allows for tracer light to be effectively coupled into and out of the cable to

facilitate tracing.

SUMMARY



[0006] One embodiment relates to a cable assembly. The cable assembly comprises a traceable

cable and at least one connector coupled to an end of the traceable cable. The traceable cable

comprises at least one data transmission element, a jacket at least partially surrounding the at

least one data transmission element, and a tracing optical fiber incorporated with and extending

along at least a portion of a length of the traceable cable. The tracing optical fiber includes a

core having a first index of refraction and a cladding with a second index of refraction. The at

least one connector comprises a connector housing and a light pipe positioned at least partially

within the connector housing. The light pipe comprises at least one tracing optical fiber interface

optically coupled to the tracing optical fiber and at least one tracer light interface optically

accessible from outside of the connector housing. The light pipe defines an optical path

configured to direct tracer light from the at least one tracing optical fiber interface to the at least

one tracer light interface, and wherein the at least one tracer light interface is configured to

receive and emit the tracer light directed by the optical path.

[0007] Another embodiment relates to a connector for a traceable cable having a tracing optical

fiber. The connector includes a connector housing and a light pipe positioned at least partially

within the connector housing. The light pipe comprises at least one tracing optical fiber interface

configured to be optically coupled to the tracing optical fiber. The light pipe also comprises at

least one tracer light interface optically accessible from outside of the connector housing. The

light pipe defines an optical path configured to direct tracer light from the at least one tracing

optical fiber interface to the at least one tracer light interface. The at least one tracer light

interface is configured to receive and emit the tracer light directed by the optical path.

[0008] Yet another embodiment relates to a traceable cable. The traceable cable has at least one

data transmission element, a jacket at least partially surrounding the at least one data

transmission element, and a tracing optical fiber incorporated with and extending along at least a

portion of a length of the cable. The tracing optical fiber includes a core having a first index of

refraction and a cladding with a second index of refraction. The traceable cable also includes at

least one launch point for optically accessing the tracing optical fiber. The launch point

comprises a light pipe. The light pipe comprises a tracing optical fiber interface optically

coupling the light pipe to the tracing optical fiber and at least one tracer light interface optically

accessible from outside of the traceable cable. The light pipe defines an optical path configured

to direct tracer light from the at least one tracing optical fiber interface to the at least one tracer



light interface. The at least one tracer light interface is configured to receive and emit the tracer

light directed by the optical path. Furthermore, the optical path has at least one turn.

[0009] A light pipe in use with a traceable cable or traceable cable assembly as described herein

may provide one or more advantages. For example, the light pipe may allow tracer light to be

turned or redirected in tight spacing through a small radius of curvature as the tracer light travels

from a light source to a tracing optical fiber. The light pipe may also be constructed to provide

manufacturing and assembly advantages compared to the use of tracing optical fiber alone.

[0010] Additional features and advantages will be set forth in the detailed description which

follows, and in part will be readily apparent to those skilled in the art from the description or

recognized by practicing the embodiments as described in the written description and claims

hereof, as well as the appended drawings.

[0011] It is to be understood that the foregoing general description, the following detailed

description, and the accompanying drawings are merely exemplary and intended to provide an

overview or framework to understand the nature and character of the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings are included to provide a further understanding, and are

incorporated in and constitute a part of this specification. The drawings illustrate one or more

embodiments, and together with the description serve to explain principles and operation of the

various embodiments. Features and attributes associated with any of the embodiments shown or

described may be applied to other embodiments shown, described, or appreciated based on this

disclosure.

[0013] FIG. 1 is a schematic view of a system that includes a traceable cable assembly, in

accordance with an embodiment of the present disclosure.

[0014] FIG. 2 is a transverse cross sectional view of a traceable cable of the traceable cable

assembly FIG. 1, in accordance with an embodiment of the present disclosure.

[0015] FIG. 3 is a perspective view of a portion of the traceable cable assembly of Fig. 1

according to one embodiment.

[0016] FIG. 4 is like FIG. 3, except that an upper housing and boot have been removed.

[0017] FIG. 5 is a perspective view of an example light pipe usable within a traceable cable

assembly of the present disclosure.



[0018] FIG. 6 is a horizontal cross section of the light pipe shown in FIG. 5.

[0019] FIG. 7 is a schematic of tracer light passing through a light pipe according to an

embodiment.

DESCRIPTION

[0020] Various embodiments will be further clarified by examples in the description below. In

general, the description relates to traceable cable assemblies and components thereof. More

particularly, this disclosure provides various embodiments that include light pipes for providing

light into, and/or emitting light received from, an optical fiber, for example a tracing optical fiber

within a traceable cable.

[0021] In several embodiments, the light pipe may be formed from a solid body of transparent

material. The light pipe may additionally or alternatively be formed of translucent material.

Between predetermined portions of the light pipe (e.g., between opposite ends or terminus

surfaces), the light pipe may operate under the principles of total internal reflection at the

boundaries between the light pipe and adjacent medium(s) (e.g., air), so that the light pipe can

transmit light, such as tracer light (i.e., light used during tracing operations of the cable

assembly), from one portion of the light pipe to another portion of the light pipe along an optical

path. Light pipes of the present disclosure may function as intermediaries between, for example,

the ambient environment and a tracing optical fiber within a traceable cable. As another

example, light pipes of the present disclosure may be configured to convey tracer light from a

source to the tracing optical fiber, and from the tracing optical fiber to an emission location

where the tracer light is visible near a terminal end of a cable assembly. Embodiments of light

pipes are discussed in greater detail below after a discussion of an exemplary tracing system

where such light pipes may be used.

An Example Optical Fiber Tracing System

[0022] A problem that occurs in data centers or similar network locations is congestion and

clutter caused by large quantities of cables. Network operators frequently desire to change

connections to accommodate moves, adds, and changes in the network. However, such

congestion makes it difficult to trace a particular cable from the source to the receiver, which

may be required to perform the moves, adds, and changes in the network.



[0023] The various embodiments described herein may be incorporated into a tracing system that

makes the process of performing a trace or otherwise identifying a cable in a congested

environment simple and fast for a technician. As a result, the technician can reliably identify the

one cable in question (which may be a telecommunication patch cord) from amongst many other

cables (which may also be telecommunication patch cords). In some cases, the service

technician may be able to reliably identify the cable in question along its length once tracing

capability at one end of the cable has been activated. The tracing system may also have the

advantage of being an optically-activated tracing system using only passive tracing elements

within the cable (although active tracing elements may still be provided in addition to the passive

tracing elements, if desired). The act of tracing may involve tracing a cable based upon an

optical signal or stimulus, for example, a visible spot of light that is provided by a source

external to the cables themselves. The source external to the cables may alternatively provide

non-visible light for tracing purposes.

[0024] An example of a tracing system 10 is schematically illustrated in FIG. 1. The tracing

system 10 includes a traceable cable 1 (hereinafter "cable 12") extending between two

locations, such as two equipment racks 14 in a data center, telecommunications room, or the like.

The cable 12 may, for example, operably connect a port on a server in one of the equipment

racks 14 with a port on a server in another of the equipment racks 14.

[0025] The tracing system 10 may also include a launch tool 16 configured to connect to, or

otherwise be associated with, the cable 12 and provide tracer light from a light source 18. The

tracer light may provide illumination at discrete points along the cable 12. Such discrete points

are represented by element 20 in FIG. 1 and will be referred to herein as emission points 20 or

tracer locations 20. In alternative embodiments, the cable 12 may be configured to provide more

continuous emission along its length, or illumination only at or near ends of the cable 12.

[0026] The tracing system 10 may further comprise a controller 22 and an observation tool 24.

The controller 22, in the embodiment shown, is a remote control unit configured to communicate

with the launch tool 16. A technician may, for example, use the controller 22 to send operational

commands to the launch tool 16 to control operation of the light source 18. The observation tool

24 may comprise a pair of glasses configured to enhance visibility of the tracer light emitted by

the cable 12. This may be achieved by enhancing visibility of the wavelength of the tracer light

and/or by dampening other visible wavelengths. In embodiments where the tracer light has a



non-visible wavelength, the observation tool 24 may include sensors configured to detect such

light and electronics configured to display a representation of such light to a technician.

[0027] The cable 12 in this embodiment is part of a cable assembly that includes a connector 26

schematically illustrated in FIG. 1 on each end of the cable 12. The connectors 26 may be

present on each opposite end of the cable 12 to allow the cable assembly to act as a

telecommunications patch cord between different components of a network. The connectors 26

may vary widely depending on the nature of the cable 12 (e.g., the quantity and type of signals

transmitted) and the components being connected. The distance between the connectors 26 on

opposite ends of the cable 12 may define a length of the cable. The length of the cable 12 may

be at least about 1 meter or even several tens of meters, such as thirty meters or more, depending

on the intended use of the cable 12.

[0028] FIG. 2 is a cross section of the cable 12 in accordance with one possible embodiment. As

shown in FIG. 2, the cable 12 includes at least one data transmission element 28 and a jacket 30

surrounding the at least one data transmission element 28. Although two data transmission

elements 28 are shown in this embodiment, there may be a single data transmission element or a

larger plurality of data transmission elements within the jacket 30. In general, the data

transmission element 28 is a structure capable of carrying a data signal from one end of the cable

12 to the other end of the cable. For example, the data transmission element 28 may be

configured to transmit an electrical signal using a copper wire or other electrically conductive

material. Alternatively, the data transmission element 28 may be configured to transmit an

optical signal by conducting electromagnetic waves to carry data from one location to another.

The data transmission element 28 shown in FIG. 2 is of the latter type (i.e., an optical

transmission element) having a core 32 and a cladding 34. There may be strength members (e.g.,

aramid yarns) or other elements located within the cable 12 between the data transmission

elements 28 and the jacket 30.

[0029] Still referring to FIG. 2, the cable 12 further includes at least one tracer element, which is

shown in the form of a tracing optical fiber 36 (also referred to as a "tracer optical fiber 36")

configured to transmit and emit tracer light for visualization purposes. The tracing optical fiber

36 may be incorporated as part of the cable 12 in several configurations. In the embodiment

shown in FIG. 2, the tracing optical fiber 36 is embedded within a portion of the jacket 30. In

other embodiments, the tracing optical fiber 36 may be adjacent to the data transmission element



28, inside a conduit defined by the jacket 30. In yet other embodiments, the tracing optical fiber

36 may be provided on, mounted to, or otherwise attached to an outside of the jacket 30.

[0030] The tracing optical fiber 36 includes a core 38 having a first index of refraction, and a

cladding 40 at least partially surrounding the core 38. The cladding 40 has a second index of

refraction different than the first index of refraction. The tracing optical fiber 36 may be

configured to emit light at ends of the tracing optical fiber 36 and/or along the length of the

tracing optical fiber 36 in a continuous or periodic manner. The tracing optical fiber 36 may, for

example, include features or otherwise be configured to scatter light at discrete locations along

the length of the tracing optical fiber 36. Such periodic scattering of light may form the emission

points 20 (FIG. 1) of the cable 12, alone or in combination with features on the jacket 30, such as

openings/windows (not shown) in the jacket 30 or portions of reduced material thickness

between the tracing optical fiber 36 and an outer surface of the jacket 30. The term "side-

emitting optical fiber" may be used to refer to the tracing optical fiber 36 in embodiments where

light is scattered along the length of the tracing optical fiber 36 in a periodic or continuous

manner.

[0031] As mentioned above, the tracer light emitted by the tracing optical fiber 36 may be

provided by the launch tool 16 (FIG. 1). In one embodiment, the light source 18 may be a

semiconductor laser emitting green light at a wavelength between 510-540 nm. Alternatively,

other colors/wavelengths may be emitted, such as red light from approximately 620-650 nm. In

other embodiments, non-laser light sources may be used, such as light emitting diodes (LEDs).

Determining the light source 18 may involve consideration, evaluation, and testing of several

factors, including visibility, cost, eye safety, peak power, power consumption, size, and

commercial availability.

An Example Connector

[0032] FIG. 3 is a perspective view of one end of a cable assembly according to one

embodiment. The illustrated cable assembly includes a connector 26, for example a duplex LC

fiber optic connector, and a traceable cable 12 having a pair of data transmission elements 28 as

shown in FIG. 2.

[0033] The connector 26 may have a connector housing 42 with a first end 44 and a second end

46. The connector 26 includes a pair of fiber optic connector sub-assemblies ("connector sub-



assemblies") 48 operably supported by the first end 44 of the connector housing 42. The

connector sub-assemblies 48 may include respective ferrules 50 configured to support respective

ends of the data transmission elements 28 (FIG. 2). The ferrules 50 may be operably supported

within the connector sub-assemblies 48 and operative ly joined to ends of the data transmission

elements 28 by any suitable structure and method known in the art. In the example shown, the

connector sub-assemblies 48 are LC fiber optic connector sub-assemblies with respective levers

52 or other suitable features for engaging and disengaging with elements within the equipment

racks 14 (FIG. 1), adapters, or the like.

[0034] The second end 46 of the connector housing 42 may be connected to the traceable cable

12. A flexible boot 54 may be provided at the second end 46 to at least partially facilitate or

otherwise be associated with a connection between the connector housing 42 and the cable 12.

The flexible boot 54 is configured to prevent sharp bends in the cable 12 where the cable

engages the connector housing 42 as commonly used in the art.

[0035] The connector housing 42 may include an upper housing 56 and a lower housing 58. The

terms "upper" and "lower" are used for ease of understanding relative to FIG. 3, but are not

intended to limit the construction of the connector 26. In an example, the upper housing 56 and

the lower housing 58 are configured to mate with one another to form the connector housing 42.

An example of such mating features for the connector housing 42 may be configured to provide a

snap-fit connection and/or any other suitable connection. In an example, the lower housing 58

may have one or more locking features that snap fit with a corresponding locking feature of the

upper housing 56. Alignment features may also be provided inclusive of or separate from the

locking features to ensure that the upper housing 56 and lower housing 58 are able to fit together

in the correct orientation.

[0036] A launch point 60 may be provided at one or more portions of the connector 26,

particularly the connector housing 42. The launch point 60 is configured to provide optical

access to the tracing optical fiber 36 and emit tracer light received from the tracing optical fiber

36. In FIG. 3, two launch points 60 are show, each including an opening through the connector

housing 42 created between the upper housing 56 and the lower housing 58. The illustrated

launch points 60 are located on the front of the connector housing 42, opposite the connector

sub-assemblies 48. This location may provide beneficial spacial access to the launch points 60

when the connector sub-assemblies 48 are engaged with other components, e.g. ports. In other



words, this location may be readily accessible for the launch tool 16 (FIG. 1). Locating the

launch points 60 on the front of the connector 26, facing away from the connector sub

assemblies 48 may position the launch points in a region that is highly visible when the

connector 26 is engaged with a port, adaptor, or the like.

[0037] In other embodiments, some or all of the connector housing 42 may be transparent or

translucent to allow optical access for tracer light into and out of the connector 26. A transparent

connector housing 42 may allow substantially all of the connector housing 42 to function at least

partially as a launch point 60. In the embodiment of FIG. 3, the upper housing 56 is provided

with indicia 62 that may be created by cut-out portions formed through the upper housing 56.

These indicia 62 may be included as part of the one or more launch points 60 for each connector

24.

Light Pipes

[0038] One or more of the launch points 60 may be associated with, may include, may be parts

of, or may be defined by at least one light pipe 64 that is discussed in the following paragraphs,

beginning with reference to FIG. 4. In FIG. 4, the upper housing 56 (FIG. 3) and boot 54 (FIG.

3) have been removed to reveal an interior of the connector housing 42 and more clearly show

the light pipe 64 of the connector 26. In the embodiment of FIG. 4, the light pipe 64 is

positioned at least partially within the connector housing 42 and forms at least a portion of each

launch point 60.

[0039] The light pipe 64, according to the illustrated embodiment, comprises a solid body of

transparent material that at least partially defines at least one tracing optical fiber interface 66

(FIG. 5) optically coupling the light pipe to an end of the tracing optical fiber 36. The solid body

also at least partially forms the launch points 60 by predetermined portions of the light pipe 64 at

least partially defining tracer light interfaces 68 that are optically exposed from, or optically

accessible through, the connector housing 42. The tracer light interfaces 68 may, for example,

be defined by terminus surfaces of the light pipe 64. The solid body of the light pipe 64 further

defines an optical path P configured to direct tracer light from the at least one tracing optical

fiber interface 66 to the at least one tracer light interface 68. In many embodiments, the optical

path P is bi-directional, such that the optical path is configured to also direct tracer light from the

at least one tracer light interface 68 to the at least one tracing optical fiber interface 66.



[0040] FIGS. 5 and 6 illustrated the light pipe 64 of FIG. 4 in further detail. Suitable materials

for the solid body of transparent material may include transparent polymers and glass. In one

example, the transparent material is a molded plastic. The light pipe 64 may be substantially

uncoated or free from cladding. Thus, the light pipe 64 may transmit the tracer light along the

optical path P using solely or primarily total internal reflection that may be at least partially

caused by the difference in the index of refraction between the transparent material of the light

pipe 64 and the environment (e.g., air) surrounding the light pipe. In one embodiment, the light

pipe 64 is configured to minimize loss of (e.g., emission of) tracer light from the peripheral

surfaces of the light pipe that are positioned between the optical fiber interface 66 and the tracer

light interface 68 so that the light pipe conveys as much of the tracer light as possible from the

optical fiber interface 66 to the tracer light interface(s) 68, and vice versa. In this regard, in FIG.

6, rays are schematically represented by dashed lines and are generally representative of a beam

of tracer light following the optical path P.

[0041] Still referring to FIG. 6, the light pipe 64 in the embodiment shown is substantially

symmetric about symmetry axis S. As such, the light pipe 64 has two substantially similar

optical paths P, only one of which will now be described in detail. Reiterating from above, the

illustrated optical path P is bi-directional; therefore, the order in which the sequence is described

in the following could be reversed.

[0042] The tracing optical fiber interface 66 of the light pipe 64 may include a boundary 70 that

is a predetermined portion or terminus surface of the transparent body of the light pipe. An end

of the tracing optical fiber 36 (FIG. 4) may be in opposing face-to-face contact with or otherwise

in optical communication with the boundary 70, and the light pipe 64 may be configured to

receive tracer light from the adjacent end of the tracing optical fiber 36 through the boundary 70

and/or emit tracer light from the boundary 70 into the adjacent end of the tracing optical fiber 36.

The light pipe 64 and the boundary 70 may be configured so that tracer light passes through the

boundary with substantially no reflection.

[0043] The tracing optical fiber interface 66 may also include an alignment channel 72 that is

shown in FIG. 5 as being an upwardly open v-shaped groove or receptacle defined in the

transparent body of light pipe 64, or defined in a block or other structure mounted to or otherwise

appropriately associated with the light pipe. The alignment channel 72 may be configured to

help align an end of the tracing optical fiber 36 (FIG. 4) with the boundary 70. This alignment



feature may simplify assembly and reduce the time for assembling the cable 12 with the

connector 26. The end of the tracing optical fiber 36 may be optically coupled and/or fixedly

joined to the boundary 70 by any suitable method that allows tracer light to pass from the tracing

optical fiber to the light pipe 64 and also from the light pipe to the tracing optical fiber 36 via the

boundary 70. Example methods of joining the light pipe 64 and the tracing optical fiber 36

include creating an adhesive bond (e.g., by using index matched adhesives) between the tracing

optical fiber 36 and the boundary 70. Other methods for joining the tracing optical fiber 36 to

the tracing optical fiber interface 66 include a ferrule connection, a sleeve, or a bore for

accepting an end of the tracing optical fiber 36.

[0044] Traveling along the optical path P, the tracing optical fiber interface 66, or more

specifically the boundary 70, leads to a first conduit portion 74. The first conduit portion 74 is

shown with a rectangular cross section whose cross sectional area increases in a direction

moving away from the tracing optical fiber interface 66. The peripheral surfaces defining the

first conduit portion 74 do not significantly interact with tracer light, if at all, as schematically

shown in FIG. 6. Alternatively, there may be interaction in the form of total internal reflection.

[0045] The first conduit portion 74 then leads to a first transition portion 76 that may include a

reflection surface that turns the optical path P through use of total internal reflection. In this

embodiment, the first transition portion 76 includes a pair surfaces angled with respect to one

another, and whose common edge 80 may bisect the beam of tracer light following the optical

path P to form an optical splitter, dividing the optical path P into a pair of optical paths so that

tracer light may be conducted to each of the tracer light interfaces 68. The optical splitter of the

first transition portion 76 is typically bi-directional, i.e. able to operate in reverse, such that if

tracer light were provided into each of the tracer light interfaces 68, the tracer light could be

joined by the optical splitter and directed toward the single tracing optical fiber interface 66.

[0046] Still referring to FIG. 6, the first transition portion 76 leads to a second conduit portion

82. Like the first conduit portion 74, the second conduit portion 82 is shown as having a

substantially rectangular cross section whose size is increasing in a direction away from the

tracing optical fiber interface 66. In one embodiment, the peripheral walls defining the second

conduit portion 82 do not significantly (or even not at all) interact with tracer light traveling

along the optical path P. Alternatively, there may be interaction in the form of total internal

reflection.



[0047] The light pipe 64 in FIG. 6 then includes a second transition portion 84 where the optical

path P, and tracer light traveling therealong, is again bent or turned. The second transition

portion 84 is shown as a curved bend of such radius configured to maintain a large percentage of

the tracer light within the light pipe 64 through use of total internal reflection. In other

embodiments, such as the one shown in FIG. 7, the second transition portion 84 may be a planar

surface configured to turn the optical path P. The second transition portion 84 turns the optical

path P though a third conduit portion 86 before arriving at the tracer light interface 68. Again,

the third conduit portion 86 provides a medium for the passage of tracer light, and may be

intended to have little impact on the retention or direction of tracer light because the beam of

tracer light may have minimal, if any, interaction with the peripheral walls of the third conduit

portion. Alternatively, there may be interaction in the form of total internal reflection.

[0048] Additional details on the tracer light interfaces 68 will now be provided. The tracer light

interfaces 68 of the light pipe 64 may have two functions. First, the tracer light interface 68 may

provide a region of the light pipe 64 that is optically accessible to the launch tool 16 (FIG. 1) so

that tracer light may be launched into the light pipe 64 through the tracer light interface 68. The

light pipe 64 is configured such that at least some of the tracer light launched into the light pipe

64 via the tracer light interface 68 will be routed to and pass through the boundary 70 of the

tracing optical fiber interface 66 to be transmitted along the tracing optical fiber 36. Second, at

least some of the tracer light that originates from the tracing optical fiber 36 and is received by

the light pipe 64 at the boundary 70 of the tracing optical fiber interface 66 may be emitted from

the light pipe 64 at the tracer light interface 68. The tracer light emitted from the tracer light

interface 68 may be visible outside of the connector housing 42 for identification of an end of the

cable assembly by a technician.

[0049] The tracer light interface 68 includes a boundary surface 88 through which tracer light

may be received and emitted. In the illustrated embodiment, the boundary surface 88 is a

predetermined portion or terminus surface of the transparent body of the light pipe 64, and the

boundary surface 88 is exposed to the ambient environment. The light pipe 64 and the boundary

surface 88 may be configured so that tracer light passes through the boundary surface with

substantially no reflection.

[0050] The boundary surface 88 may comprise a plurality of diffusive protrusions 90, such as

prisms or the like, such that the boundary surface will diffuse tracer light being emitted



outwardly therefrom. Diffusion of the outwardly emitted tracer light may assist with eye safety

and may generally expand the beam of the emitted tracer light for increased visibility by a

technician. In the illustrated embodiment, the boundary surface 88 is recessed with respect to a

forward face 92 of the tracer light interface 68. Setting back the boundary surface 88 may help

protect the boundary surface 88 from damage. Recessing the boundary surface 88 also creates

guide walls 94 that may facilitate the desired positioning of the launch tool 16 (FIG. 1) for

effectively conducting tracer light into the light pipe 64. The plurality of diffusing protrusions

90 may extend around a central, substantially planer portion 96 of the boundary surface 88. The

guide walls 94 may extend around and define an outwardly open guiding cavity for receiving and

aligning a tip of the launch tool 16 (FIG. 1) so that the tracer light emitted from the launch tool is

coaxially aligned with the central, substantially planer portion 96 of the boundary surface 88.

When present, this alignment seeks to minimize any diffusion of the inwardly traveling tracer

light by the boundary surface 88.

[0051] As alluded to above, the light pipe 64 may be tapered outwardly along the optical path P

from the tracing optical fiber interface 66 to the tracer light interface 68. As a result, the tracing

optical fiber interface 66, particularly the boundary 70, may be appropriately sized to mate with

the tracing optical fiber 36 (FIG. 4). The tracing optical fiber 36 receives and emits light through

a relatively small cross sectional area. The tracer light interface 68, on the other hand, may emit

tracer light from a relatively large area, such as large of an area as reasonably possible to more

easily identify the illuminated end of the cable 12. In other words, the light pipe 64 may be

tapered such that a profile of the tracing optical fiber interface 66 perpendicular to the optical

path P is smaller than a profile of the tracer light interface 68 perpendicular to the optical path.

[0052] One skilled in the art will understand that FIGS. 5 and 6 illustrate a light pipe 64

according to only one embodiment. The light pipe 64 illustrated is designed for a cable 12 with

one tracing optical fiber 36, and therefore includes a single tracing optical fiber interface 66.

Additional tracing optical fiber interfaces 66 may be present in other embodiments, especially in

embodiments where the cable 12 may contain two or more tracing optical fibers 36.

Furthermore, although the illustrated light pipe 64 has two tracer light interfaces 68, the light

pipe 64 may alternatively be designed with a single tracer light interface 68. In one example, a

single tracer light interface may be created by generally omitting half of the light pipe 64 as

defined by the symmetry axis S. Such an embodiment with a single tracer light interface may



free additional space within the connector housing 42 for wider sweeping geometries, thereby

relaxing the bend constraints upon the light pipe 64. In other embodiments, the light pipe 64

may have two or more tracer light interfaces 68, but may be asymmetric, having optical paths of

different configurations. Accordingly, light pipes 64 of the present disclosure are not limited to

embodiments having only one or two tracer light interfaces 68. Providing a light pipe 64 with

more than one tracer light interface 68, and thereby providing more than one launch point 60 per

connector 26 (FIG. 3), may enhance access for the technician attempting to selectively inject

light from the launch tool 16 (FIG. 1) through the cable 12 via one of the tracer light interfaces

68. Similarly, having a connector 26 with several illuminated tracer light interfaces 68 may

enhance visibility of the end of the cable 12 in situations where one illumination point may be

otherwise blocked from view behind the connector 26.

[0053] Light pipes 64 of the present disclosure may be substantially rigid waveguides. The

example embodiment of the light pipe 64 comprises, consists essentially of, or consists of a solid

body of transparent material, but hollow light pipes are also contemplated. In the example

embodiment, the light pipe 64 has a polygonal cross section. In other embodiments, some or all

cross sections of the light pipe 64 perpendicular to the optical path P may be substantially

circular or other shapes. In the example embodiment, the light pipe 64 of the present disclosure

is a waveguide whose structure is distinct from the elongated, flexible nature of a tracing optical

fiber 36 as found along the cable 12. In other words, as used herein, the light pipe 64 is not

merely an end portion of the tracing optical fiber 36. Specific use of the light pipe 64, as

compared to an end portion of an optical fiber, may provide more design freedom and increased

performance for injecting the tracer light and maximizing the illumination area for visual

identification at an opposing connector 26. The light pipe 64 may provide an improved ability to

route a visible optical tracing signal within the tight spatial constraints encountered within the

connector 26. General optical design guidelines for light guides suggest using a bend radius

greater than twice the diameter of the light guide. These guidelines result in a much tighter

acceptable bend radius than may be reliably achievable with optical fiber.

[0054] Routing a terminal end of the tracing optical fiber 36 through the connector 26 may

provide limited optical paths that maintain limited-loss light transmission. Use of the tracing

optical fiber 26 itself as the visual identification point results in only a small emission point of

the tracer light at the distal end of the fiber. The light pipe 64, on the other hand, may take a



number of different geometries above and beyond the configuration shown in FIGS. 5 and 6,

producing a variety of optical path configurations, to conduct the tracer light from the tracer light

interface 68 to the tracing optical fiber interface 66 and vice versa. Therefore, in certain

embodiments, the light pipe 64 may be advantageously used when the light pipe creates an

optical path that is non-linear. Further, the light pipe 64 may be advantageous when the optical

path P turns the light at least about ninety degrees from the tracer light interface 68 to the tracing

optical fiber interface 66. In the illustrated embodiment, tracer light following the optical path P

would substantially complete about a 180-degree turn, in effect having an emission direction

substantially parallel and opposite to the receiving direction.

[0055] The traceability of traceable cable assemblies may be fulfilled by injecting tracer light at

a launch point 60 located near one end of the cable assembly to produce subsequent illumination

on the opposing end of the cable assembly. In other words, in one example, tracer light is

launched into the tracer light interface 68 of a first light pipe 64 associated with a connector 26

on one end of the cable 12. Then, a second light pipe (not show) associated with another

connector 26 on the opposite end of the cable 12 may become visibly illuminated. In this

embodiment, either end of the cable assembly may selectively serve as the source end or the

launch end for tracer light. In some embodiments, the tracer light is provided by the external

launch tool 16. In other embodiments, a light source 18 may be integrated into a portion of the

cable assembly, such as the connector 26.

[0056] As mentioned above, the light pipe 64 may serve as either the entire illuminated area or

partially contribute to the identification of the connector 26 by providing one or more areas of

the light pipe 64 along the optical path P that allow tracer light to escape from the periphery of

the light pipe 64 to be visible for tracing purposes though indicia 62 (FIG. 3) or other transparent

or translucent portions of the connector housing 42. To intentionally emit light from the

peripheral surfaces of the light pipe 64 other than or in addition to the boundary surfaces 88, one

or more of several techniques may be used. For example, the light pipe 64 may be a diffusive

waveguide formed from a body of translucent material or a material having air bubbles or other

internal structures configured to scatter light. Alternatively, the peripheral surface of the light

pipe 64 may be modified in whole or at discrete locations to create scattering sites by adding

particles (e.g., titanium oxide) to or roughening the peripheral surface. Light pipes configured to



emit light from portions other than the tracer light interface 68 may be included in some

embodiments of cable assemblies and connectors of this disclosure.

[0057] FIG. 7 schematically shows an optical path P through another light pipe 164 that

eliminates the bending curve of the second transition portion 84 shown in FIGS. 5 and 6 in

exchange for a planar surface that may reflect the tracer light (see light rays shown) using total

internal reflection principles or by providing a mirror coating 98 mounted in a predetermined

position associated with the second transition portion 84 on the exterior surface of the body of

the light pipe 164. Otherwise, FIG. 7 illustrates a light pipe 164 that may have several features

similar to the light pipe 64 of FIGS. 4-6, the notable exception being the presence of only a

single tracer light interface 68.

[0058] Designing the shape and selecting the material of the light pipe 64 to operate substantially

under the principles of total internal reflection along the length of the light pipe is often sufficient

for providing a light pipe that effectively contains and transmits tracer light for the purposes of

the present systems. Modifications to the light pipe 64, however, may be made to increase the

ability for the light pipe to contain tracer light and avoid unintended losses from the peripheral

surface thereof. For example, the first and second transition portions 76, 84, (i.e. those portions

of the light pipe intended to bend the optical path) may be provided with a mirror coating on the

exterior of the body of the light pipe 64, such as an opaque mirror layer to reflect any light that

may escape the light pine, or a cladding layer, configured to help maintain light within the light

pipe by increasing the differences in refractive index at the boundary between the body and the

cladding. Further, a mirror or cladding layer does not have to be confined to the first and second

transition portions 76, 84 but may be selectively provided on some or all of the peripheral

surfaces of the light pipe 64 where loss of tracer light would be undesired.

[0059] The light pipe 64, 164 may be a substantially solid injection molded part made from

optically transparent material. Using injection molding may help provide high volume

manufacturing with relatively low cost. Other manufacturing methods such as additive

manufacturing may be used. Molding the light pipe 64, 164 may produce a monolithic part that

can also include attachment or alignment features, such as the projections 100 (FIG. 5) that may

be used to fix the position of the light pipe 64 within the connector housing. The projection 100

may mate with a recess in a portion of the connector housing 42 (FIG. 4). The light pipe 64, 164



could also have a recess or other similar portion to act as an alignment feature corresponding

with the connector housing.

[0060] Persons skilled in waveguide technology will appreciate additional variations and

modifications of the devices and methods already described. Additionally, where a method

claim below does not explicitly recite a step mentioned in the description above, it should not be

assumed that the step is required by the claim. Furthermore, where a method claim below does

not actually recite an order to be followed by its steps or an order is otherwise not required based

on the claim language, it is not intended that any particular order be inferred.

[0061] The above examples are in no way intended to limit the scope of the present invention. It

will be understood by those skilled in the art that while the present disclosure has been discussed

above with reference to examples of embodiments, various additions, modifications and changes

can be made thereto without departing from the spirit and scope of the invention as set forth in

the claims.



CLAIMS

We claim:

1. A cable assembly, comprising:

a traceable cable, comprising:

at least one data transmission element,

a jacket at least partially surrounding the at least one data transmission element,

and

a tracing optical fiber incorporated with and extending along at least a portion of a

length of the traceable cable, wherein the tracing optical fiber includes a core having a first index

of refraction and a cladding with a second index of refraction; and

at least one connector coupled to an end of the traceable cable, the at least one connector

comprising:

a connector housing, and

a light pipe positioned at least partially within the connector housing, the light

pipe comprising:

at least one tracing optical fiber interface optically coupled to the tracing

optical fiber,and

at least one tracer light interface optically accessible from outside of the

connector housing,

wherein the light pipe defines an optical path configured to direct tracer light from

the at least one tracing optical fiber interface to the at least one tracer light interface, and

wherein the at least one tracer light interface is configured to receive and emit the tracer

light directed by the optical path.

2. The cable assembly of claim 1, wherein the optical path is configured to turn the tracer

light through substantially 180 degrees when directing the tracer light from the at least one

tracing optical fiber interface to the at least one tracer light interface.



3. The cable assembly of either claim 1 or 2, wherein:

the at least one tracer light interface comprises a diffusive boundary surface comprising a

plurality of prisms and a planar central portion, the diffusive boundary surface configured to

diffuse at least a portion of the tracer light emitted from the at least one tracer light interface.

4. The cable assembly of any of claims 1-3, wherein the light pipe is tapered such that a

profile of the at least one tracing optical fiber interface perpendicular to the optical path is

smaller than a profile of the at least one tracer light interface perpendicular to the optical path.

5. The cable assembly of any of claims 1-4, wherein the light pipe includes a reflection

surface in the optical path so that the optical path is configured to reflect the tracer light at least

once when directing the tracer light from the at least one tracing optical fiber interface to the at

least one tracer light interface.

6. The cable assembly of claim 5, wherein the reflection surface is configured to reflect the

tracer light by total internal reflection.

7. The cable assembly of claim 5, wherein the reflection surface comprises a mirror coating

connected to the light pipe and configured to reflect the tracer light.

8. The cable assembly of any of claims 1-7, wherein:

the at least one tracing optical fiber interface comprises a single tracing optical fiber

interface;

the at least one tracer light interface comprises at least two tracer light interfaces;

the light pipe further comprises an optical splitter; and

the optical path is configured to direct tracer light from the single tracing optical fiber

interface to the at least two tracer light interfaces via the optical splitter.

9. The cable assembly of any of claims 1-8, wherein the optical path includes at least one

turn.



10. The cable assembly of any of claims 1-9, wherein the light pipe is a solid body of

transparent material.

11. The cable assembly of any of claims 1-10, wherein the light pipe comprises a diffusive

waveguide so that the light pipe is configured to emit the tracer light directed by the optical path

at one or more areas along the optical path.

12. The cable assembly of claim 11, wherein:

the connector housing comprises indicia in optical communication with the light pipe and

configured to be illuminated by the tracer light when the tracer light is directed by the optical

path.

13. The cable assembly of either claim 11 or 12, wherein at least a portion of the connector

housing is formed from a material that is either or both translucent and transparent such that the

light pipe can be seen through the connector housing when the optical path directs the tracer

light.

14. The cable assembly of any of claims 1-13, wherein:

the at least one data transmission element comprises a pair of data transmission elements;

the connector housing comprises a duplex connector housing having an upper housing

and a lower housing; and

the light pipe is at least partially positioned between the lower housing and upper

housing.

15. A connector for a traceable cable having a tracing optical fiber, comprising:

a connector housing; and

a light pipe positioned at least partially within the connector housing, the light pipe

comprising:

at least one tracing optical fiber interface configured to be optically coupled to the

tracing optical fiber, and



at least one tracer light interface optically accessible from outside of the connector

housing,

wherein the light pipe defines an optical path configured to direct tracer light from the at

least one tracing optical fiber interface to the at least one tracer light interface, and wherein the at

least one tracer light interface is configured to receive and emit the tracer light directed by the

optical path.

16. The connector of claim 15, wherein the optical path includes at least one turn.

17. The connector of either claim 15 or 16, wherein the optical path is configured to turn the

tracer light through substantially 180 degrees when directing the tracer light from the at least one

tracing optical fiber interface to the at least one tracer light interface.

18. The connector of any of claims 15-17, wherein:

the at least one tracer light interface comprises a diffusive boundary surface comprising a

plurality of prisms and a planar central portion, the diffusive boundary surface configured to

diffuse at least a portion of the tracer light emitted from the at least one tracer light interface.

19. The connector of any of claims 15-18, wherein the light pipe is tapered such that a profile

of the at least one tracing optical fiber interface perpendicular to the optical path is smaller than a

profile of the at least one tracer light interface perpendicular to the optical path.

20. The connector of any of claims 15-19, wherein: the light pipe is a solid body of

transparent material.

21. The connector of any of claims 15-20, wherein:

the light pipe comprises a diffusive waveguide so that the light pipe is configured to emit

the tracer light directed by the optical path at one or more areas along the optical path.



22. The connector of claim 21, wherein:

the connector housing comprises indicia configured to be illuminated by the tracer light

when the tracer light is directed by the optical path.

23. The connector of either claim 2 1 or 22, wherein at least a portion of the connector

housing is formed from a material that is at least one of translucent and transparent such that the

light pipe can be seen through the connector housing when the optical path directs the tracer

light.

24. The connector of any of claims 15-23, wherein:

the at least one tracing optical fiber interface comprises a single tracing optical fiber

interface;

the at least one tracer light interface comprises at least two tracer light interfaces;

the light pipe further comprises an optical splitter; and

the optical path is configured to direct tracer light from the single tracing optical fiber

interface to the at least two tracer light interfaces via the optical splitter.

25. A traceable cable, comprising:

at least one data transmission element;

a jacket at least partially surrounding the at least one data transmission element;

a tracing optical fiber incorporated with and extending along at least a portion of a length

of the cable, wherein the tracing optical fiber includes a core having a first index of refraction

and a cladding with a second index of refraction; and

at least one launch point for optically accessing the tracing optical fiber, the launch point

comprising a light pipe, the light pipe comprising:

a tracing optical fiber interface optically coupling the light pipe to the tracing

optical fiber; and

at least one tracer light interface optically accessible from outside of the traceable

cable,

wherein:



the light pipe defines an optical path configured to direct tracer light from the at

least one tracing optical fiber interface to the at least one tracer light interface;

the at least one tracer light interface is configured to receive and emit the tracer

light directed by the optical path; and

the optical path has at least one turn.
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