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ABSTRACT

Methods of controlling the position of an optical fiber having a minimum 

bend radius within an optical fiber channel in a fiber optic cable having a small 

footprint are disclosed. The position of the optical fibers is controlled so that the 

fiber is not bent at a radius below its minimum bend radius.
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OPTICAL CABLE WITH CONTROLLED FIBER POSITIONING

[0001] This application relates to U.S. Provisional Application 61/315,492, filed 

March 19, 2010, the entire contents of which are incorporated by reference.

BACKGROUND

Technical Field

[0002] The present disclosure generally relates to fiber optic cables and methods 

of controlling a position of an optical fiber within the fiber optic cable.

Technical Background

[0003] As the use of fiber optics migrates into numerous consumer electronics 

applications, such as connecting computer peripherals, there will be a consumer-driven 

expectation for cables having improved performance and a broad range of use. For example, it 

is likely that consumer demand will be for a fiber optic cable having a small footprint (e.g. a 

cable outer diameter less than 3.0 millimeters (mm)) while at the same being flexible enough to 

"bend back" upon itself.

[0004] However, optical performance and optical fiber integrity are adversely 

affected by cable "bend back." FIG. 1 shows a typical fiber optic cable in a bent back 

configuration. The fiber optic cable 2 is generally circular and has an outer bend periphery 16 

and a cable diameter or thickness 6. Internal to the cable is an optical fiber 10, which carries 

data. When the fiber optic cable 2 is bent back as shown, a bend radius 8 is at a minimum and is 

approximately equal to the cable diameter 6. The location of the optical fiber 10 within the 

cable 2 will affect a bend radius 12 of the optical fiber 10. If the optical fiber 10 is close to the 

outer bend periphery 16, the fiber will have a larger bend radius and experience lower 

attenuation. If the optical fiber 10 is closer to the inner portion of the cable, the bend radius of 

the fiber will be smaller and cause greater delta attenuation due bending. If the bend radius 12 is 
small enough, the optical fiber may crack at an outer surface 18 of the optical fiber 10 and 

cause cracking or fracture of the optical fiber 10.

[0004a] The discussion of the background to the invention included herein 

including reference to documents, acts, materials, devices, articles and the like is included to 

explain the context of the present invention. This is not to be taken as an admission or a 

suggestion that any of the material referred to was published, known or part of the common
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5 general knowledge in Australia or in any other country as at the priority date of any of the 

claims.

SUMMARY

[0005] According to a first aspect of the present invention, there is provided a 

fiber optic cable that comprises a polymer jacket having a channel therein, the channel having a 

first slot, at least one optical fiber in the first slot, a first electrical conductor, and a second 

electrical conductor, wherein the first slot is arranged on a first axis, and a second axis 

extends through the first and second electrical conductors, wherein the first electrical 

conductor is located on a first side of the first slot and the second electrical conductor is 

located on an opposite side of the first slot, and wherein the cable has a preferential bend 

axis of minimum bend moment of inertia about the second axis, and the optical fiber is 

positioned in the first slot and remains within the first slot when the fiber optic cable is bent a 

maximum amount such that a bend radius of the optical fiber is greater than or equal to a 

minimum bend radius of the optical fiber.

[0005a] The cable may have first and second preferential bend axes such that 

when the cable is bent back about either axis, the optical fibers are bent at bend radii exceeding 

their minimum bend radii. The cable can have a round cross-section with a diameter in the 

range of 2.8-3.2 millimeters, and the geometric center of the first slot can be within 0.2 

millimeters of the geometric center of the cable.

[0006] Also described is a fiber optic cable that comprises a polymer jacket 

having a channel therein, at least one optical fiber in the channel, a first electrical conductor on 

a first side of the channel, and a second electrical conductor on a second side of the channel. 

The optical fiber is positioned in the channel and remains within the channel when the fiber 

optic cable is bent a maximum amount such that a bend radius of the optical fiber is greater 

than or equal to a minimum bend radius of the optical fiber. The cable may have a preferential 

bend axis aligned with the channel such that when the cable is bent back about the channel, the 

optical fibers are bent at bend radii exceeding their minimum bend radii. The cable can have a 

round cross-section with a diameter in the range of 2.8-3.2 millimeters, and the geometric 

center of the channel can be within 0.2 millimeters of the geometric center of the cable.

[0007] Also described is a fiber optic cable that comprises a polymer jacket 

having a channel therein and a diameter in the range of 2.8-3.2 millimeters, the channel having 

a width at least twice as large as a height of the channel, at least one optical fiber in the channel,

-2-
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5 and a strength material disposed within the channel and contacting the at least one optical fiber. 

The optical fiber is positioned in the channel and remains within the channel when the fiber 

optic cable is bent a maximum amount such that a bend radius of the optical fiber is greater 

than or equal to a minimum bend radius of the optical fiber. The geometric center of the 

channel can be within 0.2 millimeters of the geometric center of the cable

[0007a] Where the terms "comprise", "comprises", "comprised" or "comprising" 

are used in this specification (including the claims) they are to be interpreted as specifying the 

presence of the stated features, integers, steps or components, but not precluding the presence 

of one or more other features, integers, steps or components, or group thereto.

- 2a -
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[0008] The components of the following figures are illustrated to 

emphasize the general principles of the present disclosure and are not necessarily 

drawn to scale. Reference characters designating corresponding components are 

repeated as necessary throughout the figures for the sake of consistency and clarity.

[0009] FIG. 1 is a cross-sectional view of a typical prior art fiber optic 

cable in a bent back configuration, wherein the cross-section is parallel to a length of 

the cable.

[0010] FIG. 2 is a cross-sectional view of a fiber optic cable according to 

an embodiment of this disclosure, wherein the cross-section is a transverse cross­

section perpendicular to a length of the cable.

[0011] FIG. 3 is a transverse cross-sectional view of a fiber optic cable 

according to another embodiment of this disclosure.

[0012] FIG. 4 is a side view of the fiber optic cable of FIG. 3 being bent 

about an axis having a maximum moment of inertia.

[0013J FIG. 5 is a transverse cross-sectional view of a fiber optic cable 

according to another embodiment of this disclosure.

[0014J FIG. 6 is a transverse cross-sectional view of a fiber optic cable 

according to another embodiment of this disclosure.

[0015] FIG. 7 is a transverse cross-sectional view of a fiber optic cable 

according to another embodiment of this disclosure.

[0016] FIG. 8 is a transverse cross-sectional view of a fiber optic cable 

according to another embodiment of this disclosure.

DETAILED DESCRIPTION

[0017J Some aspects of the present disclosure are directed to fiber optic 

cables containing an optical fiber, and methods of controlling the position of the 

optical fiber within the fiber optic cables. According to various embodiments, the 

fiber optic cables described herein may include a plurality of optical fibers arranged 

with little or no stranding or twisting around each other.

[0018] FIG. 2 is a cross-sectional view of a fiber optic cable 30 according 

to a first embodiment of this disclosure. The cable 30 includes a polymer jacket 32
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36 defining a channel 38. In the illustrated embodiment, the cross-section of the 

cable 30 is generally circular with a diameter of about 3.0 millimeters (mm). In this 

specification, it is understood that circular cables may have somewhat irregular cross- 

sections and varying degrees of ovality. Accordingly, references to diameters and 

radii of circular cables refer to median or average values. In this specification, the 

terms “polymer” and “polymeric” indicate materials comprised primarily of 

polymers, but allow for the inclusion of non-polymer additives and other materials, 

such as fire-retardant compounds, etc., and the inclusion of multiple polymers in a 

blend.

[0019J The polymer jacket 32 encloses the channel 38 and the channel 38 

may extend the entire length of the cable 30. The cable 30 further includes a pair of 

metallic electrical conductors 40, 42 that supply power to peripheral electrical 

equipment. The electrical conductors 40, 42 can in addition or alternatively carry 

data. The electrical conductors 40, 42 may be surrounded by insulating material 44, 

46 respectively. Alternatively, the electrical conductors 40, 42 can be embedded in 

the jacket 32 so that insulating material can be omitted. Data-carrying optical fibers 

48, 50 are also included within the cable 30. The optical fibers 48, 50 may be 

surrounded by buffer layers 58, 60, respectively. The electrical conductors 40, 42 

and the buffered optical fibers 48, 50 are positioned within the channel 38. 

Additional conductors can be wholly or partially embedded within the jacket 32. The 

optical fibers 48, 50 are generally allowed to translate within the channel 38 when the 

cable 30 is bent.

[0020] In FIG. 2, the optical fibers 48, 50 can translate in the channel 38 

along a first axis 52 that is perpendicular to a first axis 54 along which the electrical 

conductors 40, 42 are generally aligned. The channel 38 has a “height” or length 

dimension 56 along the axis 52 through which the fibers can translate. In the 

exemplary embodiment, the channel 38 is “cross” or “T” shaped, and the cable 30 has 

a geometric center 62 generally located at the intersection of the axes 52, 54. The 

optical fibers 40, 42 are arranged in a first slot 72, which is aligned with the axis 52, 

and the electrical conductors 40, 42 are arranged in a second slot 74, which is aligned 

with to the axis 54. The slots 72, 74 are defined in part by four projections 76 that
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CM

rounded comers.

[0021] The shape of the slots 72, 74 and the location of the electrical 

conductors 40, 42 provide some degree of a preferential bend characteristic to the 

cable 30 to bend either about the axis 52 or the axis 54, as well as allowing the 

optical fibers 48, 50 to translate to locations to increase their bend radius and reduce 

optical attenuation. Regarding preferential bend, the shape of the channel 38 

minimizes the material moments of inertia about the axis 54, and accordingly 

generally induces the cable 30 to bend about axis 54 when the cable 30 is subjected to 

bending moments. If the cable 30 is bent back about the axis 54, the optical fibers 

48, 50 will undergo a bend radius approximately equal to or greater than the cable 

radius 64. According to one aspect of the present invention, the optical fibers can be 

selected so that when the cable is bent back about the axis 54, which is aligned with 

the slot 72, the optical fibers do not experience undue optical attenuation. For 

example, in the exemplary embodiment, the optical fibers 48, 50 may have a 

minimum bend radius of about 1.5 mm that results in an acceptable delta attenuation 

in the range of about 1.5 dB to 2.0 dB. The exemplary cable radius 64, 

corresponding to the bend back radius, is about 1.5 mm, so that the optical fibers 48, 

50 are not bent at a radius smaller than their minimum bend radius when bending 

about axis 54.
[0022] If the cable 30 is bent in its preferred mode, about the axis 54, the 

optical fibers are allowed to translate in the slot 72 so that the fibers 48, 50 do not 

bend at a radius below their minimum bend radius. For example, if the cable 30 is 

bent back about axis 54 so that a location 66 on the cable 30 is where the cable is 

bent back upon itself, the optical fibers will translate “downwardly” in the slot 72, 

away from the bend back location 66, to the orientation shown in FIG. 2. The optical 

fiber 48 will move away from location 66, toward the “bottom” of the slot 72, where 

the fiber 48 is at its lowest strain state. The optical fiber 50 will also move away 

from the bend back location 66 toward a state of low strain. The height 56 of the slot 

72 is selected so that optical fibers in the slot do not bend at a radius below their 

minimum bend radius. For example, the height 56 of the slot 72 in the exemplary 

embodiment is about 1.5 mm, so that when the cable 30 is in bend back, the optical 

fiber closest to the bend back location is bent at a radius of at least 1.5 mm.
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characteristic of the cable 30 prevents the optical fibers 48, 50 in the cable 30 from 

bending below their minimum bend radii. The electrical conductors 40, 42 are 

constrained within the slot 74 to prevent crossover with the optical fibers 48, 50, 

which reduces the likelihood of the fibers from moving out of their slot 72. A 

geometric center of the slot 72 can correspond to the geometric center 62 of the cable 

30, which can have a round cross-section, or the geometric center of the slot 72 can 

be within 0.2 mm of the center of the cable 30. Although the illustrated optical fibers 

48, 50 include buffer layers 58, 60, buffer layers are not required for the optical fibers 

illustrated in this specification.

Example 1

[0024] A cable 30 as shown in FIG. 2 has a diameter in the range of 2.8-

3.2 mm, a slot 72 having a dimension 56 in the range of 1.2-1.8 mm, and two 

electrical conductors in the range of 24 to 28 AWG (American wire gauge). The 

electrical conductors 40, 42 are located on opposite sides of the slot 72, and their 

centerlines are spaced from one another a distance in the range of 1.2 to 1.75 mm. 

The cable jacket 102 is comprised primarily of thermoplastic urethane (TPU), 

thermoplastic elastomer (TPE), or polyvinylchloride (PVC).

[0025] FIG. 3 is a schematic cross-sectional view of a fiber optic cable 

100 according to another embodiment of this disclosure. The cable 100 includes a 

polymer jacket 102 having an outer periphery 104 and a channel periphery 106 with 

the channel periphery 106 defining a channel 124. A cross-section of the illustrated 

cable 100 is generally circular and has a diameter of less than about 3.0 millimeters 

(mm). The jacket 102 surrounds the channel 124 and the channel 124 may extend the 

entire length of the cable 100. The cable 100 further includes a plurality of electrical 

conductors 108, 110 that may supply power to peripheral equipment. The electrical 

conductors 108, 110 are each surrounded by an insulating material 112, 114 

respectively, although the insulating material may be omitted in some embodiments. 

For example, the conductors 108, 110 can be wholly or partially embedded in the 

jacket 102 at each end of the channel 124.

[0026] Data-carrying buffered optical fibers 116, 118 are also included 

within the cable 100, disposed between the electrical conductors 108, 100. The 

optical fibers 116, 118 are also each surrounded by buffer layers 120, 122,
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118 are positioned within the channel 124. The optical fibers 116, 118 are generally 

allowed to translate within the channel 124, between the conductors 108, 110, when 

the cable 100 is bent. The channel 124 has the shape of a slot extending along a first 

axis 126, which is perpendicular to a second axis 128.

[0027] The cable 100 further includes a strength material 130, such as an 

aramid yarn. The strength material 130 is arranged within the channel 124. In 

accordance with the embodiment and as shown in FIG. 3, the strength material 130 

surrounds the optical fibers 116, 118 and electrical conductors 108, 110. The strength 

material 130 may be generally located throughout the channel 124 and dispersed 

among the electrical conductors 108, 110 and the optical fibers 116, 118. The strength 

material 130 is loosely packed enough such that it allows the optical fibers 116, 118 

to move to a limited extent within the jacket 102.

[0028] The channel or slot 124 can have a maximum height 132 and a 

maximum width 134. The width 134 can be, for example, at least two, or even three 

times the height 132. The shape of the channel 124 provides the cable 100 with a 

preferential bend characteristic that causes the cable 30 to bend about the axis 126 

when experiencing bending stresses. The non-preferred direction of bending is about 

the second axis 128. According to an aspect of the present embodiment, the optical 

fibers 48, 50 are selected so that as cable 100 bends back on itself about axis 126, the 

optical fibers do not bend at a radius below their minimum bend radii. For example, 

the exemplary cable 100 has an outer diameter of about 3.0 mm or less (i.e. the radius 

132 being 1.5 mm or less). The optical fibers 116, 118 have a minimum bend radius 

of about 1.2 mm. Therefore, as the cable 100 is bent back on itself about axis 126 

(i.e. the preferred direction about the axis having the minimum moment of inertia), 

the optical fibers 116, 118 will not have a bend radius below their minimum bend 

radius.

[0029] If the cable 100 is bent about axis 128 (i.e. the non-preferred 

direction and the axis having the maximum moment of inertia), it is possible that one 

of the optical fibers 116, 118 may be bent at a radius below its minimum bend radius. 

However, referring to FIG. 4, if a length of the cable 100 is bent about the axis 

having the maximum moment of inertia, the cable 100 tends to rotate about 90 

degrees to align the axis having the minimum moment of inertia with the axis about
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which the cable 100 is bent. For example, if the length of cable 100 is bent at 

location 135, stripes 136, 137 on the exterior of the cable 100 are seen to rotate about 

90 degrees. This corresponds to a rotation of the cross-section of the cable 100 and 

the axis having the minimum moment of inertia will become the axis of bending. In 

order for this rotation to occur, a ratio of the bend energy required to bend the cable 

100 about the axis 128 having the maximum moment of inertia to the bend energy 

required to bend the cable 100 about the axis 126 having the minimum moment of 

inertia should be at least 1.5:1 and may be as large as 4:1. When the cable 100 is 

bent back on itself and axis 126 rotates 90 degrees, the cross-section and optical 

fibers 116, 118 will rotate as well and the optical fibers 116, 118 will be bent at a 

radius less than the minimum bend radius.

|0030] Bend energy and inertia depend on the cross-sectional geometry of 

the cable as well as the material properties of the individual cables (for example, the 

cable jacket, the electrical conductors, and the optical fibers to name but a few) and 

can be calculated readily. The shape of the channel 124, or optical fiber channel 124, 

can be determined based on the inertia and bend energy calculations to ensure the 

optical fibers 116, 118 are not bent at a radius less than their minimum bend radius. 

A geometric center of the channel 124 can correspond to a geometric center of the 

cable 100, which can have a round cross-section, or the geometric center of the 

channel 124 can be within 0.2 mm of the center of the cable 100.

Example 2

(0031 ] A cable 100 as shown in FIG. 3 has a diameter in the range of 2.8­

3.2 mm, a channel 124 having a height 132 in the range of 0.6-1.4 mm, a width 134 

in the range of 1.5-2.8 mm, and two electrical conductors in the range of 24 to 28 

AWG. The electrical conductors 40, 42 are located on opposite sides of the optical 

fibers 116, 118. The cable jacket 102 is comprised primarily of thermoplastic 

urethane (TPU), thermoplastic elastomer (TPE), or polyvinylchloride (PVC).

[0032] FIG. 5 is a cross-sectional view of a fiber optic cable 140 

according to another embodiment of this disclosure. The cable 140 includes a 

polymer jacket 141 having an outer periphery 142 and a channel periphery 144 that 

defines a channel or optical channel 145. A cross-section of the cable 140 is 

generally circular with a diameter of 3.0 millimeters or less, or more generally in the 

range of 2.8-3.2 mm. The jacket 141 surrounds the channel 145 and the channel 145
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plurality of electrical conductors 148, 150 that supply power to peripheral equipment. 

Data-carrying buffered optical fibers 152, 154 are also included within the cable 140. 

The electrical conductors 148, 150 and the optical fibers 152, 154 are positioned 

within the channel 145. In some embodiments, the electrical conductors 152, 154 

may be wholly or partially embedded within the jacket 141, between the outer 

periphery 142 and the channel periphery 144. The cable 140 further includes a 

strength material 146, such as an aramid yarn. As illustrated, the strength material 

146 is arranged within the jacket 141 and adjacent to channel periphery 144. It is not 

required that the strength material 146 be arranged as such and may be arranged 

within the jacket in any convenient orientation or arrangement.

[0033] The cable 140 also includes a non-conducting elastomeric material 

156 that occupies the channel 145. A conductive elastomeric material may be used if 

necessary to provide EMI (electromagnetic interference) shielding or for other 

properties. The elastomeric material 156 functions to maintain the position of the 

electrical conductors 148, 150 and the optical fibers 152, 152. The elastomeric 

material 156 may be any material such a polymer or resin that is sufficiently strong to 

maintain the position of the cable components (i.e. electrical conductors and optical 

fibers) and that is sufficiently flexible to allow the cable 140 to move through a wide 

range of motion. It is also desired that the elastomeric material 156 have a low 

coefficient of thermal expansion to minimize buckling. The elastomeric material 156 

can be used to position the optical fibers 152, 154 central to the fiber optic cable 140. 

By doing so, the bend radius of the optical fibers 152, 154 is fixed and independent 

of how the cable 140 is bent.

[0034] The elastomeric material 156 can be introduced into the channel 

145 by a coextrusion process as the jacket 141 is being extruded. The optical fibers 

152, 154, and electrical conductors, if present in the channel 145, can essentially 

become embedded in the elastomeric material 156. The jacket 141 can have a 

modulus of elasticity in the range of 1 to 2,500 MPa. The elastomeric material 156 

can have a modulus of elasticity in the range of 3,000 to 10,000 MPa.

Example 3

[0035] A cable 140 as shown in FIG. 5 has a diameter in the range of 2.8-

3.2 mm and two electrical conductors in the range of 24-28 AWG. The cable jacket
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Ο 102 is comprised primarily of thermoplastic urethane (TPU), thermoplastic elastomer
CM

(TPE), or polyvinylchloride (PVC) having a modulus of elasticity of less than 2,500 

MPa. The elastomeric material 156 is a thermoplastic elastomer having EMI 

shielding properties, and a modulus of elasticity in the range of 3,000 to 10,000 MPa 

that is coextruded with the jacket 141. Elastomeric material not having EMI 

shielding properties has a modulus of elasticity of less than 500 MPa.

[00361 FIGS. 6, 7, and 8 illustrate various embodiments based on the 

principles of the embodiment of FIG. 5. FIG. 6 illustrates a fiber optic cable 140’ 

having all of the elements of the fiber optic cable 140 of FIG. 5, but includes 

additional data-carrying components 160, 162 arranged within the jacket 141’ of the 

cable 140’. Such a configuration is known as a backward compatible fiber optic USB 

cable 140’.

[0037] FIG. 7 illustrates a fiber optic cable 170 similar to the embodiment 

of FIG. 6 but having a different internal arrangement of the fiber optic cable 

components. The fiber optic cable 170 comprises a jacket 172 having an outer 

periphery 173 and a channel periphery 175, the channel periphery 175 defining a 

channel 190. Electrical conductors 176, 178 and optical fibers 182, 184 are held in 

position by an elastomeric material 190. Data-carrying conductors 186, 188 may be 

arranged within the jacket 172. A strength material 174 is arranged adjacent the 

channel periphery 175. In this embodiment, the optical fibers 182, 184 and the 

electrical conductors 176, 178 are arranged central to the cable 170 to produce a 

smaller optical fiber channel 175.

[0038] Similarly, FIG. 8 illustrates a fiber optic cable 200 similar to the 

embodiment of FIG. 7 but having a different internal arrangement of the fiber optic 

cable components. The fiber optic cable 200 comprises a jacket 201 having an outer 

periphery 202 and a channel periphery 204, the channel periphery 204 defining a 

channel 205. Electrical conductors 206, 208, data-carrying conductors 210, 212, and 

optical fibers 214, 216 and are held in position by an elastomeric material 218. A 

strength material 220 is arranged adjacent the channel periphery 204. In this 

embodiment, the optical fibers 214, 216 are arranged proximate a center of the cable 

200 and the electrical conductors 206, 208 and the data-carrying conductors 210, 212 

surround the optical fibers 214, 216 to produce a larger optical fiber channel 204.

- 10-
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[0039] Throughout the foregoing disclosure, the adjective “about” has 

been used in numerous locations preceding an amount. Other embodiments of this 

disclosure are like the above-discussed embodiments, except that the adjective 

"about" is optional and may be omitted. It will be understood to the skilled artisan 

that the methods disclosed herein to control optical Fiber position within a fiber optic 

cable are not mutually exclusive and may be used in any combination as required to 

achieve appropriate control of optical fiber position.

[0040] It is understood that any acknowledgement of any prior art in this 

specification is not to be taken as an admission that this acknowledged prior art forms 

part of the common general knowledge in Australia or elsewhere.
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1. A fiber optic cable comprising:

a polymer jacket having a channel therein, the channel having a first slot; 

at least one optical fiber in the first slot;

a first electrical conductor; and

a second electrical conductor, wherein the first slot is arranged on a first 

axis, and a second axis extends through the first and second electrical conductors,

wherein the first electrical conductor is located on a first side of the first 

slot and the second electrical conductor is located on an opposite side of the first slot,

wherein the cable has a preferential bend axis of minimum bend moment of 

inertia about the second axis, and

wherein the optical fiber is positioned in the first slot and remains within 

the first slot when the fiber optic cable is bent a maximum amount such that a bend radius 

of the optical fiber is greater than or equal to a minimum bend radius of the optical fiber.

2. The fiber optic cable of claim 1, wherein the cable has a diameter in the 

range of 2.8 to 3.2 millimeters.

3. The fiber optic cable of claims 1 or 2, wherein the first slot has a height in 

the range of 1.2 to 1.8 millimeters.

4. The fiber optic cable of any one of the preceding claims, wherein the first 

and second electrical conductors are located in a second slot aligned with the second axis 

and intersecting the first slot, the first and second slots being defined in part by four 

projections of the cable jacket extending inwardly toward a geometric center of the cable.

5. The fiber optic cable of any one of the preceding claims, wherein the first 

and second electrical conductors are embedded in the polymer jacket.
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5 6. The fiber optic cable of any one of the preceding claims, wherein the first 

electrical conductor has a first centerline and the second electrical conductor has a second 

centerline, a spacing between the first and second centerlines being in the range of 1.2 to 

1.75 millimeters.
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