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FIBER OPTIC RIBBON CABLE AND 

METHOD FOR ITS MANUFACTURE 

FIELD OF THE INVENTION 

The present invention relates generally to optical fiber transmission media 

and, more particularly, to fiber optic ribbon cable assemblies having the fiber optic 

ribbon manufactured with arbitrary spacing between optical fibers, having the 

connectors manufactured in line with the ribbon cable assembly, and having· with the 

10 ribbon cable assembly manufactured with or without an outside jacket or reinforcing 

shell. In addition, the present invention relates to fiber optic ribbon cables having 

access points for subsequent connectorization incorporated into the ribbon cable 

during manufacture. 

15 BACKGROUND OF THE INVENTION 

Optical fiber ribbon cables are well known for the transmission of optical 

signals. Use of optical cables, including optical fiber ribbon cables, has generally 

been limited to long-haul trunking installations where the improved transmission 

characteristics of the optical fibers jostify the greater expense and difficulty 

20 associated with their manufacture and installation. As the demands on 

communication media continue to increase, the advantages of using optical cable for 

transmission of signals across shorter distances or, for interconnecting local devices, 

continues to grow. · Unfortunately, the costs associated with the production of 

optical fiber cable assemblies, and in particular with the installation of connectors on 

25 optical fiber ribbon cables, continue to limit the wide spread application of optical 

fiber transmission media for these applications. 

Traditionally, a single fiber optical cable is assembled by coating an optical 

fiber with a buffer layer and then encasing the buffered optical fiber within a 

protective sheath that provides tensile strength and a vinyl outer jacket 

30 commercially available from E.1. duPont de Nemours, Wilmington, DE, under the 

trade designation Kevlar, that serves as an environmental shield. Multi-fiber optical 
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cables are assembled in a similar manner by bundling multiple buffered optical fibers 

within the center of a Kevlar sheath and corresponding outer jacket. The· difficulty 

with a multi-fiber bundled optical cable is in providing an economic, convenient and 

reliable system for installing a connector on the ends of the optical fibers so as to 

S provide a finished fiber optic cable assembly. 

As an alternative to a multi-fiber bundled optical cable, optical fiber ribbons 

have been developed in which multiple optical fibers are aligned and maintained in a 

planar configuration. U.S. Patent No. 3,920,432, issued to Smith describes an early 

method of fabricating an optical fiber ribbon cable in which a plurality of glass 

1 O optical fibers are carried by a grooved holder with a plurality of spacing fibers of 

triangular cross-section continuously fed into the spaces between adjacent optical 

fibers in the holder. The spacing fibers are then melted to secure the optical fibers 

within the holder. The advantage of this technique is that the optical fibers are 

accurately aligned within the holder, thereby aiding in the ability to easily interface 

15 the fiber optic ribbon with an optical connector. The disadv.antage is that this 

technique limits the mechanical performance of the fiber optic ribbon by requiring 

that the holder be provided for the entire length of the ribbon and that the holder 

have sufficient structural integrity to accurately maintain the positioning of the 

optical fibers within the holder. In addition, the requirement t~at the fiber optic 

20 ribbon be heated in order to melt the triangular-type spacing fibers to secure the 

optical fibers within the holder subjects the fiber optic ribbon to thermal stress. 

U.S. Patent No. 4,289,558 issued to Eichenbaum et al. and U.S. Patent No. 

4,980,007, issued to Ferguson describe improved methods of fabricating a fiber 

optic ribbon in which buffered optical fibers are positioned adjacent one another in a 

25 planar orientation and then sandwiched between the adhesive layers of a pair of thin 

binding tapes. The resulting fiber optic ribbon is then encased in protective fibers 

and a plastic sheath, for example, to provide tensile strain relief and environmental 

protection for the optical fibers. In this technique, the alignment of the optical 

fibers within the ribbon is created and maintained by relying on the dimensional 

30 characteristics of the buffer layer surrounding the optical fibers and then abutting ,. 

adjacent fibers so as to achieve a uniform spacing across a cross-sectional width of 
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the fiber optic nbbon. While these techniques provide a clear manufacturing 

advantage to the technique disclosed by Smith in U.S. Patent No. 3,920,432, the 

problems which are created by utilizing these techniques are an increased difficulty 

in attaching, aligning and installing optical connectors on the ends of the fiber optic 

5 n'bbon in order to create a finished fiber optic ribbon cable a8sembly. 

Numerous optical connectors have been developed to aid in the connection 

and splicing of fiber optic ribbons. Examples of connectors which are designed to 

terminate an end of a fiber optic ribbon are shown and described in U.S. Patent No. 

3,864,018, issued to Miller, U.S. Patent No. 4, 793,683, issued to Cannon, Jr., et al., 

10 and U.S. Patent No. 5,309,537, issued t~ Chun et al. In contrast, U.S. Patent No. 

3,871,935, issued to Cloge et al and European Patent Publ. No. 0 613 031 81 

both describe methods for encapsulating a middle portion of a fiber optic ribbon 

within an optical connector assembly that is then severed in half to form opposed 

ends of a pair of optical connectors. In both of these references, the protective 

15 jacket and buffer surrounding the opticaJ fibers are chemically removed in a middle 

portion of the ribbon and the resulting bare opticaJ fibers are positioned within an 

encapsulating mold into which a bonding material is injected to secure the optical 

fibers. Once secured, the molded assembly is divided ·in half along a plane 

perpendicular to the axis of the optical fibers, thereby exposing ends of the fibers 

20 which can be polished for alignment and/or abutment to other optical fiber ends. 

The advantages of these encapsulation connector techniques are that they involve 

less manipulation and mechanical stress of the optical fibers than the technique 

taught by Smith. The disadvantages are that the stripping step subjects the optical 

fibers to potential damage and that the alignment of optical fibers. in. the molded 

25 assembly is not certain due to the potential movement of optical fibers during the 

encapsulating process. Additionally, this process is yery labor intensive and not 

easily duplicated in the field where a ribbon cable has already been installed. 

It would be desirable to provide a ribbon cable capable of easy field 

connectorization. Currently there are two primary multi-fiber connectors, a fiber 

30 connector available from AT & T under the trade designation MAC, ·and a 

connector available fi:om U S Conec under the trade designation MT. The MAC 
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connector is not designed to b'e field installable at all. The MT connector can be 

field installed. but not simply. When a field technician desires to insert an MT 

connector onto an existing ribbon cable, the technician cuts the ribbon cable. The 

insulation jacket surrounding the ribbon cable is typically slit longitudinally to allow 

5 the insulation jacket to be peeled back. If the ribbon cable is cut too deeply at this 

point, the optical fibers could be scratched and damaged. Any strengthening 

members in the ribbon cable must also be peeled back. After peeling back the 

insulation jacket and any strengthening members that may be present, the technician 

is left with a fiber ribbon comprising a plastic ribbon coating encapsulating a series 

10 of optical fibers. 

The tool used to strip the plastic ribbon coating from the optical fiber is 

usually a hot blade stripper. This tool heats up the entire end of the ribbon which is 

being stripped and then has two blades that come towards one another to cut the 

ribbon coating and putt the coating off of the fibers. This step often causes damage 

. 15 to the fibers because it is very easy to cut t~o deeply with the blades and therefore 

damage the fibers. Once the fibers are exposed and are cleaned with alcohol to 

remove any remaining coating residue or particles, the connector must be correctly 

filled with the appropriate amount of adhesive. Then the fibers are manually 

inserted through holes in the connector. Once this is done, the adhesive must be 

20 cured to secure the fibers on the connector. 

While fiber optic ribbon cables have expanded the use of optical fibers, the 

existing methods of stripping and coMectorizing fiber optic ribbon cables are very 

labor intensi\re and subject the opticJtl fibers to potential damage due to the · 

difficulty in stripping the protective jacket and buffer. Attempting to thread the 

25 optical fibers through the holes of a connector is also a very tedious task. If even a 

single fiber is broken in either part of this process, a new cut of the ribbon cable 

must be made and the entire process must be redone. Consequently, it would be 

desirable to provide an improved system for stripping and connectorizing fiber optic 

ribbon cables subsequent to cable fabrication. 

30 
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SUMMARY OF THE INVENTION 

The present invention is a fiber optic ribbon cable assembly having optical 

connector assemblies manufactured in line with the ribbon cable assembly so as to 

provide a fixed, lateral spacing of the optical fibers relative to each other within the 

5 connector assembly and having the remaining portion of the fiber optic ribbon cable 

manufactured within an arbitrary lateral spacing of the optical fibers relative to each 

other. A pair of adhesive tape layers are sandwiched around the optical fibers and 

the in-line optical connector assemblies. By having the connector assemblies 

manufactured in line with the fiber optic ribbon cable, the resulting ribbon cable 

10 assembly is easier to manufacture, has a higher alignment accuracy, and is more cost 

effective than existing techniques for manufacturing ribbon cable assemblies. 

Additionally, the pair of adhesive tape layers preferably encapsulate the optical 

fibers and may serve as the outermost jacket for the ribbon cable assembly, thereby 

reducing the number of components associated with the ribbon cable assembly. 

IS In a first embodiment of the present invention, a fiber optic ribbon cable 

assembly includes a pair of adhesive tape layers, A plural_ity of optical fibers are 

arranged in a generally longitudinal orientation between a pair of adhesive tape 

layers with adjacent optical fibers positioned with an arbitrary lateral spacing 

relative to each other. At least a portion of at least one connector assembly is also 

20 disposed between the pair of adhesive tape layers. The plurality of optical fibers are 

disposed within the connector assembly with adjacent optical fibers positioned with 

a fixed lateral spacing relative to each other . 

. . In accordance with the second embodiment of the present invention, a 

method of manufacturing a fiber optic nobon cable assembly involves the steps of 

25 providing a plurality of optical fibers oriented in a generally longitudinal manner. 

Adjacent ones of the plurality of optical fibers are then arranged in a fixed lateral 

spacing relative to each other and a connector assembly is applied onto a first 

longitudinal segment of the plurality of optical fibers. At least a second longitudinal 

segment of the plurality of optical fibers separate from the first longitudinal segment 

30 are sandwiched between a pair of adhesive tape layers to form a ribbon cable 
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assembly. Adjacent ones of the plurality of optical fibers are maintained in an 

arbitrary lateral spacing relative to each other in the second longitudinal segment. 

In a preferred embodiment, the plurality of optical fibers are fed from spools 

of continuous optical fiber. The connector assembly comprises an upper connector 

S component and a lower connector component with structure defined therein so that 

when the plurality of optical fibers are sandwiched between the upper connector 

component and the lower connector component, the fixed lateral inter-fiber spacing 

is established. The arbitrary lateral inter-fiber spacing within the non-connector 

portion of the ribbon cable may range from 0.0 to 2.0 centimeters. Preferably, 

I 0 in-line connector assemblies include structure defining a center portion such that the 

center portion may be cut generally perpendicular to the longitudinal orientation of 

the optical fibers, thereby exposing ends of the plurality of optical fibers with a 

lateral cross section of the connector assembly and in the fixed lateral spacing. The 

pair of adhesive tape layers may include a pair of margin portions that extend 

IS laterally beyond a planar orientation of the plurality of optical fibers and are adhered 

to each other to fonn a seal along at least a portion of the longitudinal edge of the 

.ribbon cable assembly. 

The present invention is a fiber optic ribbon cable having access points 

manufactured in line with the ribbon cable so as to provide a simple access point to 

20 the fibers for subsequent field connectorization and a method for installing a 

connector thereon. At least one, preferably a pair of adhesive tape layers is 

provided about the optical fibers to create a fiber optic ribbon cable. At least one 

release element is provid~ between the adhesive tape layers and the optical fibers . 

at one or more access points along the ribbon cable to form a release location to 

25 allow easy access to the fibers therein. By having the access points manufactured in 

line with the fiber optic ribbon cable, the resulting ribbon cable is much easier to 

connectorize in the field. 

The present invention also discloses a method for installing a connector onto 

a ribbon cable comprised of at least one, preferably a pair of adhesive tape layers 

• 

30 and at least one optical fiber, and having at least one release element at any number • 

of in-line access points. A technician must first locate one of the access points on 
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the ribbon cable. Once found. the cable is cut at the access point. After the cable is 

cut, the adhesive .tape layers may be easily peeled back exposing the optical fibers at 

the access points because the release elements prevent the adhesive side of the tape 

layer from adhering to the optical fibers at the access points. Once the tape layers 

S are peeled back, a connector is then installed onto the exposed fibers. The release 

elements are then removed from the tape layers and the adhesive side of each tape 

layer is then secured to the outer surface of the connector. Finally, any excess tape 

is trimmed off. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic illustration of the method of manufacturing a fiber 
) 

optic ribbon cable assembly having integrated in-line connector assemblies in 

accordance with the present invention. 

Figure 2 is a cross-sectional view of a fiber optic ribbon cable of the prior 

15 art. 

Figure 3 is a cross-sectional view of a fiber optic ribbon cable of the present 

invention. 

Figure 4 is an exploded cross-sectional view of the fiber optic ribbon cable 

of the present invention showing the layered details of the adhesi~e tape and optical 

20 fibers. 

Figure 5 is a cross-sectional view of the fiber optic ribbon cable of Figure 4 

with sealed lateral edges. 

Figure 6 is a schematic cross-sectional view of the process of the present 

invention showing the application of the integrated in-line connector assemblies 

25 onto the fiber optic ribbon cable. 

Figures 7a-7d are a series of cross-sectional views of a fiber optic nobon 

cable assembly produced in accordance with the present invention demonstrating a 

preferred .finishing technique for the integrated in-line connector assembly. 

Figure 8 is a side view of a preferred embodiment of the integrated in-line 

30 connector assembly. 
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Figure 9 is a top view of the lower connector component of the connector 

assembly of Figure 8. 

Figure l 0 is an end view of the connector assembly of Figure 8. 

Figure 11 is a top view of an alternate embodiment of the connector 

S assembly of the present invention including mechanical attachment features. 

Figure 12 is a side view of ~e alternate embodiment of the connector 

assembly shown in Figure 11. 

Figure 13 is an end view of an alternate embodiment of a connector 

assembly. 

10 Figure 14 is an end view of another alternate embodiment of a connector 

assembly. 

Figure 15 is a side view of another alternate embodiment of a connector 

assembly. 

Figure 16 is a schematic cross-section view of the process of the present 

15 invention showing the application of the integrated in-line release assemblies into 

the fiber optic ribbon cable. 
.. 

Figures 17a-f are a series of side views of a connector being installed onto 

the n'bbon cable made according to the present invention. 

Figure 18 is an end view of the installed connector ofFigure 17. 

20 Figures 19a-f are a series of side views of an alternate embodiment of a 

connector being installed onto a ribbon cable made according to the present 

invention. 

Figur_e 20 is an end view of the alternate embodiment of Figure 1.9f. 

Figure 21 is a schematic illustration of a method of manufacturing a second 

25 alternative embodiment of the present invention. 

30 

Figures 22a-f are a series of cross-sectional views of a third alternate 

embodiment of a connector being installed onto a ribbon cable made according to 

the present invention. 

-8-

.. 

., ... ~·· ···.; 



• 

W096/J87Sl PCT/US96/06476 

5 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to Figure 1, the method of producing a fiber optic ribbon cable 

assembly 20 in accordance with the present invention will be described. At least 

one of a plurality of optical fibers 30 are drawn from a corresponding series of 

spools 32 holding such optical fibers 30 through a guiding comb 34. Guiding comb 

34 is provided with structure to establish a fixed, lateral inter-fiber spacing betweetl 

optical fibers 30. Preferably, this spacing corresponds with a fixe4, lateral 

inter-fiber spacing of a connector assembly 22 which is preferably comprised of a 

pair of upper and lower connector components 23, 24. After optical fibers 30 are 

10 brought through guiding comb 34, the connector components 23, 24 are positioned 

so as to sandwich optical fibers 30 therebetween, thereby fixing the lateral 

inter-fiber dimension within connector assembly 22. At a point farther downstream 

in the process. an upper adhesive tape 26 and a lower adhesive tape 27 are 

introduced to sandwich optical fibers 30 therebetween creating a fiber optic ribbon 

15 cable 28. (Of course, it is understood that an equivalent structure may be obtained 

from a single adhesive tape which is folded around the optical fibers to form upper 

and lower tape layers.) A pair of compression rollers 36, 38 are preferably used to 

supply the force necessary to secure upper adhesive tape 26 to lower adhesive tape 

27 with optical fibers 30 being held therebetween and having an arbitrary and 

20 non-fixed, lateral inter-fiber separation distance, except for in those locations of 

optical fiber ribbon 20 _where connector components 23, 24 have been located. 

When present, optical connector components 23, 24 are also sandwiched between 

upper and lower adhesive tapes 26, 27. 

In one embodiment, connector assembly 22 is comprised of a pair of 

25 connector components 23, 24, although it will be understood that other 

arrangements of connector assembly 22 . are possible, such as four connector 

components (as shown in Figure 15) or a unitary connector assembly having an 

aperture through which optical fibers 30 are threaded. It will be recognized that 

connector assembly 22 is usually cut along at least one axis that is generally 

30 perpendicular to the longitudinal orientation of optical fibers 30, however, it is 

possible to make this cut a small angle to perpendicular, for example, in order to aid 
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in the prevention of reflections. Connector assembly 22 is preferably made of 

plastic, but may also be manufactured from ceramic or metal materials and may, for 

example, be comprised of a plastic body having a ceramic or metal insert 

corresponding to the portion of connector assembly 22 which interfaces with optical 

5 fibers 30. 

In conventional installation of fiber optic cables. an optical connector on an 

end of one cable is joined to an optical connector ·on an end of another cable using 

an optical coupler. While an optical coupler is normally required in order to 

complete an interconnection between two cables, it . should be recognized that it 

10 would be possible to include the mating structure of an optical coupler as part of a 

connector assembly as in Fig. 1 . It also will be recognized that numerous 

combinations and configurations of mechanical connector members and connector 

orientation configurations can be accOI~plished in the embodiment of Fig. 1. 

One of the advantages of assembling a ribbon cable with connectors in line 

15 is that, by assembling optical fibers 30 within connector components 23, 24 prior to 

completing the remaining assembly of optical ·fiber ribbon cable assembly 20, it is 

not necessary to maintain specific inter-fiber dis~nces or tolerances throughout the 

entire length of ribbon cable 28. As shown in Figure 2, the prior art technique of 

assembling a fiber optic ribbon cable 40 relies on positioning adjacent optical fibers 

20 42 in a contiguous planar, abutting relationship. By doing so, the prior art relies on 

the thicknesses of a buffer layer 44 surrounding each adjacent optical fiber 42 to 

establish a fixed inter-fiber optical separation d shown at 46. While this process 

works to define inter-fiber spaces 46 along a longitudinal length of fiber optic 

ribbon cable 40, it does not work well enough to provide for consistent, accurate 

25 inter-fiber spacings 46 which could be used for optical alignment within an optical 

connector. 

In contrast to fiber optic ribbon cable 40, fiber optic ribbon cable 28 (where 

28 represents a cable or portion of cable manufactured according to the present 

invention, but not containing embedded connector components) as shown in Figure 

30 3 does not attempt to maintain a precisely fixed, lateral relation among optical fibers 

30 when sandwiched between tape layers 26, 27. As a result, distances d' shown at 
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10 

50 and d" shown at 52 between adjacent optical fibers 30 may or may not be 

identical. Each distance d' and d" will generaHy include a space between 

laterally-adjacent optical fibers, A1 shown at 54 and A1 shown at 56, although it 

will be recognized that because no fixed lateral, inter-fiber spacing is dictated when 

optical fibers 30 are positioned within tape layers 26, 27, if would also be possible 

for adjacent optical fibers 30 to, in some situations, be in an abutting relationship. 

By assembling optical fibers 30 within connector assembly 22 prior to 

completing the remaining assembly of optical fiber ribbon cable assembly 20, 

significant time and money are saved with the installation of optical connectors on 

the optical fibers. The fixed, lateral inter-fiber spacing within · connector 

components 23, 24 establishes a fixed pitch of optical fibers 30. Unlike the prior art 

techniques, optical fibers 30 are not subjected to either thermal or chemical stresses 

during the process ofinstalling the optical connector assembly. In addition, there is 

absolute certainty of the reJative position of the opticaJ fibers 30 within connector 

15 components 23, 24. Finally, the manufacture of the integrated, in-tine optical 

connector assembly 22 can be incorporated into a continuous manufacturing 

-process, thereby significantly reducing the production costs of fiber optic ribbon 

cable assembly 20 as compared to prior techniques for the manufactt,ire or 

field-installation of optical connectors on fiber optic ribbons. 

20 Referring now to Figure 4, a preferred embodiment of tape layers 26, 27 and 

optical fibers 30 will be descnoed. Figure 4 shows an exploded cross-sectional 

view of n"bbon cable 28 prior to sandwich assembly of tape layers 26, 27 with 

optical fibers 30 therebetween. In this embodiment, optical fibers 30 are comprised 

of an optical core 60 composed of a material selected from the set of glass, plastic 

25 or air. Fiber optic core 60 is surrounded by a cladding layer 62 composed of a 

material selected from the set comprising glass, plastic or metal. 

The optical fiber 30 may also include a buffer layer 64 composed of a 

material selected from the set of plastic, metal, carbon, ceramic or any combination 

thereof. In a preferred embodiment. optical fibers 30 are available from 3M 

30 Company, St. Paul, Minnesota, under the trade designation TECS FT-200-EMA, 
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although it will be recognized that the present invention fiber optic ribbon cable 

assemblies 20 utilizing a variety of different optical fibers would be acceptable. 

In one embodiment, tape layers 26, 27 are each three-layer planar tape 

assemblies comprised of an inner encapsulating layer 70, an adhesive layer 72 and 

5 an outer protective layer 74. Encapsulating layer 70 serves to encapsulate optical 

fibers 30 and is preferably comprised of a deformable material such as pressure 

sensitive adhesive, thermoset adhesive, thermoplastic adhesive, radiatioi:i-curable 

adhesive, gel, foam, fibrous material, deformable plastic or any combination thereof. 

Adhesive layer 72 is interposed between inner layer 70 and 74 to secure each to the 

10 other and is preferably comprised of a material such as pressure sensitive adhesive, 

thennoset adhesive, thermoplastic adhesive, radiation-curable adhesive, 

mechanically interlocking structures or any combination thereof. Outer protective 

layer 74 serves as the outer jacket for fiber optic ribbon cable assembly 20 and is 

preferably comprised of a vinyl or plastic material which is suitable for a variety of 

15 environmental applications, or may be comprised of plastic, metal, fabric or any 

combination thereof. Preferably, layers 72 and 74 are comprised of a tape available 

from 3M Company, St. Paul, MN, under the trade designation Scotch No. 471. 

Preferably, layer 70 is comprised of a tape available from 3M Company, St. Paul, 

MN, under the trade designation VHB No. F-9469PC. 

20 In Figure 5, protective layer 74 and adhesive layer 72 are extended beyond 

encapsulating layer 70 ip an area shown at 76, for example, such that the lateral 

edges of fiber optical ribbon cable 28 are effectively sealed from environmental 

contamination. While it is understood that, for economic reasons, .in a preferred 

embodiment, outer layer 74 is intended to serve as an outermost jacket of n"bbon 

25 cable 28, it would also be possible to enclose one or more ribbon cables 28 within 

an additional outer jacket layer, such as in the case where a larger fiber optic cable 

bundle is required for a long haul transmisSion application. In such an embodiment, 

it would also be possible to arrange the fiber optic cable 28 within an additional 

outer jacket such that the final cable assembly would offer more structural integrity 

30 so as to prevent, for example, bending or crimping of optical fibers 30. One such 

embodiment would involve folding the generally planar orientation of cable 28 into 
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an S-shaped configuration. Another alternate configuration would provide for a 

stacked orientation of multiples of cable 28. Still another embodiment would 

include an additional core member around which cable 28 could be wrapped, with 

the core member having a circular cross section, for example, to simulate a more 

S tr~ditional tubular shape for the final cable assembly. 

Referring now to Figure 6, a side view of the assembly process of fiber optic 

ribbon cable assembly 20 is shown in which it is demonstrated how connector 

components 23, 24 are inserted at discrete locations along the longitudinal length of 

optical fibers 30 during the process of the present invention. It will be seen by 

10 controlling the positioning and number o( connector assemblies 22, it is possible to 

produce a continuous run of cable 28 having a series of cable segments 80 (as 

shown in Figure 7), each with a length effectively determined by the positioning of 

sequential connector assemblies 22. 

Figures 7a-7d show how cable segments 80 can be created from the 

1 S continuous run of cable assembly 20. Cable assembly 20 is cut along a center 

portion 82 of connector assembly 22. Center portion 82 is effectively defined in a 

preferred embodiment between a pair of ridge structures 84 which extend outward 

from the body of connector assembly 22, for example. In a preferred embodiment, 

ridge structures 84 include a pointed edge which, in connection with the operation 

20 of rollers 36, 38, cuts or scores adhesive tapes 26, 27 to facilitate the removal of 

portions 90. To make cable assembly segment 80, cable assembly 20 is cut in an 

orientation generally perpendicular to the longitudinal orientation of optical fibers 

30 in center portion 82 of each connector assembly 22. Once cut, a portion 90 of 

tape layers 26, 27 is removed from each end 92, 94 of cable segment 80, after 

25 which each end 92, 94 may or may not require further polishing to complete 

manufacture and assembly of cable segment 80. 

Referring to Figures 8, 9 and 10, a more detailed description of the 

preferred embodiment of connector assembly 22 will be presented. As shown in 

Figure 8, each connector assembly 22 includes two connector components 23, 24 

30 each of which is generally comprised ofa pair of mirror image quarter sections (two 

of which are shown in Figure 8), each quarter section being constructed of three 
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main portions: a center portion 82, a ridge portion 84, and a tapered portion 86. 

As shown in Figure 9, a plurality of grooves 88 are defined longitudinally on an 

inner surface across the entire length of the bottom half connector component 23. 

As shown in Figure 10, the shape and orientation of grooves 88 is preferably 

S triangular to accommodate optical fibers 30 within the space thereby defined. The 

spacing between adjacent grooves SS serves as the structure to define -the fixed, 

lateral inter-fiber space between adjacent optical fibers 30 Within connector 

components 23, 24. 

It will be apparent that the particular spacing and dimensions of grooves 88 

10 within connector assembly 22 can be selected so as to achieve the. resulting desired 

spacing of optical fibers 30. Alternatively, grooves could be defined in upper 

connector half 24, or in both upper and lower connector components 23, 24. The 

extent and cross-sectional shape of grooves 88 may also be selected to best 

accommodate differing design considerations. For example, in a situation where it 

1 S is desirable· to prevent optical fibers JO from being withdrawn from connector 

assembly 22, the depth of grooves 88 would be chosen so as to be shallow, thereby 

transferring the laminating force induced by rollers 36, 38 directly to optical fibers 

30. In contrast, if it is desired that the laminating force of rollers 36, 38 not be 

applied to optical fibers 30, then the depth of grooves 88 could be selected so as to 

20 minimize or preclude such a result. It Will also be seen that other cross-sectional 

shapes than triangular could be chosen, such as semi-circular, or rectangular. 

In one embodiment: connector assembly 22 in~ludes mating details as shown 

at 100, 102 in Figure 10 to assist in the alignment and compression of connector 

components 23, 24· within the process of the present invention. Alternate 

25 embodiments wo~ld permit the assembly of connector components 23, 24 without 

such alignment details, or would include a mechanism for joining connector 

components 23, 24 such as an adhesive, a mechanical latching mechanism or 

welding, including ultrasonic welding, to secure connector components 23, 24 to 

one another. 

30 Referring now to Figures 11 and 12, an alternate embodiment · of a 

connector assembly 122 is shown. In this embodiment, an upper connector 
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component 123, and lower connector component 124 are-assembled as previously 

descnbed. Connector assembly 122 includes additional structure in the form of 

mating attachments 126, 128 and flange 130 which are integrally formed with 

connector 122. 

S Although the orientation of optical fibers 30 is generally planar in order to 

facilitate formation of a planar ribbon cable, alternate longitudinal arrangements of 

optical fibers 30 are a1so 'contemplated. In an alternate embodiment of a connector 

assembly 222 shown in Figure 13, connector halves 223, 224 have a non-planer 

orientation. In this embodiment, each connector hal.f 223, 224 would comprise a 

I 0 semi-circular cross-sectional configuration having grooves 230 defined in a 

peripheral surface thereof and would also have a corresponding outer portion 225, 

226 between which optical fibers 30 would be disposed. In this embodiment, for 

example, it would be possible to have optical fibers 30 braided in those segments of 

ribbon cable assembly 20 between connector halves 223, 224. At a point where 

15 connector assembly 222 is to be inserted, the braiding of optical fibers 30 would 

cease and optical fibers 30 would be directed onto grooves 230 of connector halves 

223, 224. Although this embodiment suffers trom the disadvantage of having a 

larger connector surface than would otherwise be required for a planer 

configuration of a like number of optical fibers 30, the remainder of fiber ribbon 

20 cable assembly 3 0 being configure4 in a braided and round cross-sectional 

configuration would offer symmetrical bend characteristics for the resulting final 

cable assembly. 

In another alt~ate embodiment of a connector assembly 322 shown in 

Figure 14. another non-planar orientation of optical fibers 30 is shown. In this 

25 embodiment, each connector component 323, 324 is similar to connector 

components 23. 24 except that groves 330 on one or both surfaces of connector 

components 323, 324 are arranged in a non-planar confi_guration. Such a 

non-planar configuration would be useful, for example, in a situation where a top 

row of optical fibers are being used for transmitted signal channels and a bottom 

30 row of optical fibers are being used for received signal channels. 
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In another alternate embodiment of a connector assembly 422 shown in 

Figure 15, connector assembly 422 consists of four pieces 431, 432, 433 and 434, 

with upper connector component 423 being comprised of pieces 431 and 433 and 

lower connector component 424 being comprised of pieces 432 and 434. In this 

S embodiment, connector components 423 and 424 are split in the middle so that only 

optical fibers 30 and tape layers 26, 27 need be severed perpendicular to the 

longitudinal orientation of optical fibers 30 in order to create a fiber optic ribbon 

cable assembly. 

Figures 16 and 17 showing a preferred embodiment of the present invention 

IO will now be described in detail. Figure .16 illustrates a side view of the assembly 

process of the fiber optic ribbon cable having release elements 504, 506 inserted at 

discrete access points 502 along the longitudinal length of optical fibers 30. The 

present invention will be described with reference to a multifiber n"bbon cable 28, 

but it should be understood that the present invention would also apply to single 

15 fiber cables. Ribbon cable 28 may be spooled into a Jong continuous run or divided 

into shorter segments as needed without detracting from the application of the 

present invention. As in Figure 1. at least one optical fiber 30 is drawn from a 

corresponding spool 32 which holds optical fibers 30. Fibers 30 are then drawn 

through a guiding comb 34. Guiding comb 34 is provided with structure to 

20 establish a fixed, lateral inter-fiber spacing between optical fibers 30. As described 

above, maintaining specific inter-fiber distances or tolerances throughout the entire 

length of ribbon cable 28 is not necessary. Optical fibers 30 will be correctly 

aligned with a fixed pitch when a coMector is installed as will be described below .. 

After optical fibers 30 are brought through guiding comb 34, release 

25 elements 504, 506 are positioned so as to sandwich optical fibers 30 therebetween. 

Release elements 504, 506 may be applied to the fibers themselves, or, in the 

alternative, could be applied to the adhesive tapes 26, 27. At a point fiuther 

downstream in the process, an upper adhesive tape 26 and a lower adhesive tape 27 

are introduced to sandwich optical fibers 30 therebetween creating the fiber optic 

30 ribbon cable. A pair of compression rollers 36, 38 are preferably used to supply the 

force necessary to secure upper and lower adhesive tapes 26, 27 with optical fibers 

-16-



W096/387St PCT/US96/06476 

30 being held therebetween. Where present. release elements 504, 506 are also 

sandwiched between upper and lower adhesive tapes 26, 27. As noted above, an 

equivalent structure may be obtained from a single adhesive tape which is folded 

around the optical fibers to form upper and lower tape layers. If desired, an 

5 appropriate release element could also be configured for this structure. 

As was described with reference to the previous invention, optical fibers are 

comprised of an optical core composed of a material selected from the set of glass, 

plastic, or air. The fiber optic core is surrounded by a cladding layer composed of a 

material selected from the set comprising glass. plastic or metal. The optical fibers 

10 30 may also include a buffer layer composed of a material selected from the set of. 

plastic, metal, carbon, ceramic or any combination thereof. In a preferred 

embodiment, optical fibers 30 are available from 3M Company, St. Paul, Minnesota, 

under the trade designation TECS FT-200-EMA, although it will be recognized that 

in the present invention fiber optic ribbon cable assemblies 20 utilizing a variety of 

15 . different optical fibers would be acceptable.· 

As was also previously described, tape layers 26, 27 are each three-layer 

planar tape assemblies comprised of an inner encapsulating layer 70, an adhesive 

layer 72 and an outer protective layer 74, illustrated in Figure 4. Encapsulating 

layer 70 serves to encapsulate optical fibers 30 and is preferab~y comprised of a 

20 deformable material such as pressure sensitive adhesive, thennoset adhesive, 

thermoplastic 8.dhesive, radiation-curable adhesive, gel, foam, fibrous material, 

deformable plastic or any combination thereof. Adhesive layer 72 is interposed 

between inner layer 70 and 74 to secure each to the other and is preferably 

comprised of a material such as pressure sensitive adhesive, thermoset adhesive, 

25 thermoplastic adhesive, radiation-curable adhesive, mechanically interlocking 

structures or any combination thereof. Outer protective layer 74 serves as the outer 

jacket for the fiber optic ribbon cable and is preferably comprised of a vinyl or 

plastic material which is suitable for a variety of environmental applications, or may 

be comprised of plastic, metal, fabric or any combination thereof. Preferably layers 

30 72 and 74 are comprised of tape available from 3M Company, St. Paul, MN, under 

the trade designation Scotch No. 474 and layer 70 is comprised of transfer tape 
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available from 3M Company, St. Paul, MN, under the trade designation Scotch No. 

9465. 

Preferably, release elements 504, 506 are each approximately 15 centimeters 

in length and are spaced uniformly along a longitudinal orientation of ribbon cable 

S 28, approximately one meter apart. It should be noted that greater or lesser lengths 

of release elements 504, 506, or varying lengths between release elements 504, 506 

would be acceptable without departing from the spirit or scope of the invention. 

Release elements 504, 506 can be made of any material, preferably a flexible 

material, to which the adhesive tape will not adhere. Alternately, release elements 

10 can be comprised of a semi-flexible substrate to which an adhesion-inhibiting layer 

has been applied. Suitable substrate materials include, for example, plastic, metal, 

fabric, and paper, which could be treated to prevent ad~esion in any number of 

ways well known in the art. Suitable materials for the adhesion-inhibiting layer 

include, for example, silicone, petroleum distillate, organic oil, plastic, low tack 

15 adhesive, wax, low surface-energy coating, and microstructured textured surfaces. 

In addition, release elements could be formed by applying an adhesion inhibiting 

coating directly to encapsulating layers 70. Release elements 504, 506 serve two 

primary functions. The first is to allow for quick access to optical fibers 30, 

encased in protective tape layers 26, 27. The second is to preserve a fresh adhesive 

20 surface on tape layers 26, 27 as will be described in detail below. 

~ with Figure S of the previous invention, the present invention may also 

be utilized having protective layer 74 and adhesive layer 72 extending beyond 

encapsulating layer 70 such that the lateral edges of fiber optical ribbon cable 28 are 

effectively sealed from environmental contamination. In this embodiment, release 

25 elements S04, 506 could be positioned only between encapsulating layer 70 and 

optical fibers 30, or could be positioned so as to extend laterally between adhesive 

layers 72 beyond encapsuJating layer 70 such that all of the adhesive layer 72 is 

preserved with a fresh adhesive surface. 

The present invention may also include a means for indicating where access . 

30 points 502 are located along ribbon cable 28. The indication means may be a dyed 

marking line signifying access points 502 or a series of small cuts in ribbon cable 28 
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to pre-score the cable at access points 502 .. Ribbon cable 28 may also have a flag 

portion at one of the release elements 504, 506 which protrudes from the side of 

ribbon cable 28 at access points 502 as an indication of where to cut. This flag 

portion could be integrated as a lateral extension of release elements 504, 506, for 

5 example. It should be noted that these examples are not an . exhaustive list of 

indication means, and many other means for indicating access points 502 are 

available without departing from the spirit or scope of the invention. 

Figures 17a-f illustrate a series of side views of a connector being field 

installed onto a ribbon cable made according to the present invention. Cable 28 is 

10 cut along a center portion of access point 502 exposing an end 509 of fibers 30. 

Preferably, cable 28 is cut in an orientation generally perpendicular to the 

longitudinal orientation of optical fibers 30. Once cut, a portion of tape layers 26, 

27, each having release element 504, 506 attached respectively, is peeled back from 

·optical fibers 30 therein. A field installable connector 508 comprising a first 

15 connector portion 510 and a second connector portion 512 is then positioned about 

the exposed optical fibers 30. Connector portions 510, 512 are then secured about 

optical fibers 30 by means such as clamping or crimping. Release members 504, 

506 are removed from adhesive tape layers 26, 27 to expose fresh adhesive surfaces 

514, 516 respectively. Tape layers 26, 27 are then pressed onto connector 508 to 

20 positively secure connector 508 in cable 28. Finatty, any excess tape from tape 

layers 26, 27 is removed. One additional step may or may not be required. That is, 

newly exposed ends 509·of optical fibers 30 may or may not require polishing. 

Figure 18 illustrates an end view of connector assembly 508 secured about 

optical fibers 30. As described with reference to Figures 8, 9 and 10, a plurality of 

25 grooves 88 are defined longitudinally across the length of bottom connector portion 

512. The shape· and orientation of grooves 88 is preferably triangular to 

accommodate optical fibers 30 within the space thereby defined. The inter-groove 

spacing between adjacent grooves 88 serves as the structure to define the fixed, 

lateral inter-fiber space between adjacent optical fibers 30 within connector portions 

30 510, 512. 
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The amount ·of time needed by a technician to put a connector on ribbon 

cable 28 in the field is greatly reduced if the cable is manufactured in accordance 

with the present invention. Also, the chance of damaging ribbon cable 28 while 

attempting to expose fibers 30 is greatly reduced, thereby almost eliminating the 

5 need to replace lengths of cable due to damaged fibers if ribbon cable made 

according to the present invention is used. 

Figures 19 and 20 illustrate a first alternative embodiment of the present 

invention. A cable 518 of the first alternative embodiment illustrated in Figure 19 is 

formed with a release element or elements 504 positioned only on the top of the 

10 fibers 30. The alternative embodiment of Figures 19 and 20 illustrate and will be 

described with reference to having a single release element positioned on the top 

portion of optical fibers 30. It should be noted that the release element, and the 

subsequent connector portions as will be described below, could instead be on the 

bottom of fibers 30 without departing from t~e spirit or scope of the invention. 

15 Cable S 18 is cut along a center portion of one release .element 504. Once cut, upper 

. tape layer 26 with release element 504 attached is peeled back from optical fibers 30 

exposing the top portion of the optical fibers. Optional lower tape layer 27 is still 

adhered to the bottom portion of optical fibers 30. 

· Connector S 19 used in the first alternative embodiment i_s comprised of a 

20 top connector portion 520 and a bottom connector portion 522. Top connector 

portion 520 directly contacts optical fibers 30. In order to properly align the fibers, 

top connector portion 520 contains a series of grooves. Bottom connector portion 

522 is a mechanical l~tching member that abuts lower adhesive tape layer 27. As 

illustrated in Figure l 9d, connecting portions 520, 522 are aligned with optical 

25 fibers 30 and then are mechanically latched together. Releasing element 504 is then 

removed from upper tape layer 26 and tape layer 26 is then secured to top 

connector portion 520. Finally, any excess tape is trimmed off. 

Figure 20 is an end view illustrating a series of optical fibers 30 in a ribbon 

cable 518 secured between top and bottom connector portions 520, 522 according 

30 to the first alternative embodiment of the present invention. As is illustrated in 

Figure 20, connector portions 520, 522 include mating details 100, 102 to assist in 
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the alignment and compression of connector portions 520, 522. It should be noted 

that connector portions could be secured together in numerous other ways such as 

with· adhesives, mechanical latching mechanisms or welding, including ultrasonic 

welding. 

S Figure 21 illustrates a second alternative embodiment of the present 

invention. Because the embodiment is very similar to the embodiment of Figure 1, 

like elements will be correspondingly labeled. At least one optical fiber 30 is drawn 

from a corresponding spool 32 through a guiding comb 34. Comb 34 is provided to 

establish a fixed, lateral interfiber spacing between fibers 30. A strengthening 

10 member 530 is also drawn from a corresponding spool 532 for holding such 

strengthening members through guiding comb 34. Strengthening member 530 of 

. the pre~t invention is for providing tensile strength to the cable 28. The preferred 

strengthening member is Kevlar, but it may also be steel, liquid crystal polymer, 

high strength plastic, glass fiber or carbon fiber without departing from the spirit or 

15 scope of the invention. 

As can be seen in Figure 21, for a two fiber comb 34, strengthening member 

· 530 occupies one of the fiber positions. Therefore, the cable created in Figure 21 

has only one light transmitdng fiber. The present invention is equally applicable to 

multifiber cables having more than two fibers. 

20 Figures 22a-f illustrate a series of side views of a third alternative 

embodiment of the present invention. This embodiment illustrates a method of field 

installing a pair of connectors onto a ribbon cable made according to the present 

invendon. This embodiment is very much like the preferred embodiment except a 

pair of connectors are being installed on a ribbon cable as opposed to a single 

25 connector as in the preferred embodiment. Thus, like elements are correspondingly 

labeled. 

After ribbon cable 28 has been formed according to the present invention, 

adhesive tape layers 26, 27 are cut perpendicular to the longitudinal axis at 

substantially the center of access point 502. While the tape-layers are cut, optical 

30 fibers 30 are not cut at this time. Once cut, tape layers 26, 27 are peeled back to 

expose optical fibers 30. A dual, field installable connector 540 comprising a first 
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connector portion 542 and a second connector portion 544 is then positioned about 

the exposed optical fibers 30. Connector portions 542, 544. are then permanently 

secured about optical fibers 30. Release elements 504, 506 are then removed from 

tape layers 26, 27 to expose fresh adhesive surfaces 514, 516 respectively. Tape 

5 layers 26, 27 are then pressed onto connector portions 542, 544 and any excess 

tape is then removed. Connector portions 542, 544 are then cut at center point 

546, perpendicular to the longitudinal axis of fibers 30, to form two separate 

connector ends. A slight angle may be imparted onto the cut in order to aid in the 

prevention of reflections. The newly exposed ends of fibers 30 may or may not 

10 require additional polishing. 
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We claim: 

' \11\11\ "''" 111\l "'" " "" * c L M S * 
1. A fiber optic ribbon cable comprising: 

at least one adhesive tape layer having at least one adhesive surface 

5 and having first and second ends; 

10 

2. 

at least one optical fiber arranged in a generally longitudinal 

orientation in contact with the at least one adhesive surface; and 

at least one release element disposed between the at least one 

adhesive surface and the at least one optical fiber to form a release location 

between the first and second ends. 

The fiber optic ribbon cable of claim 1. comprising: 

a pair of adhesive tape layers having first and second ends; 

at least one optical fiber arranged in a generally longitudinal 

l S orientation between the pair of tape layers; and 

20 3. 

at least one release element dispesed between one of the adhesive 

tape layers and the at least one optical fiber to form a release location 

between the first and second ends. 

The ribbon cable assembly of claim 2 wherein the pair of adhesive tape 

layers include an encapsulating layer and are the outermost jacket for the ribbon 

cable assembly. 

4. The ribbon cable assembly of claim 2 wherein each of the pair of adhesive 

25 tape layers includes a pair of margin portions that extend laterally beyond a planar 

orientation of the plurality of optical fibers and wherein the pairs of margin portion 

are adhered to each other to form a seal along at least a portion of each of a 

longitudinal edge of the ribbon cable assembly. 
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5. The ribbon cable assembly of claim 2 wherein the pair of adhesive tape 

layers are each comprised of an outer protective member, an intermediate adhesive 

layer, and an inner encapsulating layer. 

5 6. The ribbon cable assembly of claim 5 wherein one layer of material 

comprises both the intennediate adhesive layer and the inner encapsulating layer. 

7. The ribbon cable of claim 2 wherein the connector assembly comprises an 

upper connector component and a lower connector component, at least one of 

10 which includes structure for separating adjacent optical fibers into the fixed lateral 

spacing. 

8. The ribbon cable of claim 7 wherein each of the connector components 

includes at least a pair of laterally-oriented structures on an outer surface of the 

1 S component that define a longitudinal center portion therebetween from which the 

pair of adhesi~ tape layers are removed. 

9. The ribbon cable of claim 7 wherein each of the connector components 

includes a longitudinal center portion which is cut generally perpendicular to the 

20 longitudinal orientation of the optical fibers subsequent to disposition of the 

connector assembly within the pair of adhesive tape layers to expose ends of the 

plurality of optical fibers which are disposed within a lateral cross-section of the 

connector assembly in the fixed lateral spacing. 

25 10. The ribbon cable of claim 7 wherein each of the connector components 

includes a longitudinal first half and a longitudinal second half such that the 

connector assembly comprises four pieces and the optical fibers are cut generally 

perpendicular to their longitudinal orientation subsequent to disposition of the 

connector assembly within the pair of adhesive tape layers between the first halves 

30 and second halves. 
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11. The ribbon cable of claim 7 further comprising means for joining the 

connector components. 

12. The ribbon cable of claim 2 wherein a plurality of release elements are 

5 disposed at uniformly spaced locations along the longitudinal orientation of the 

cable assembly. 

10 

13. The ribbon cable of claim 2 wherein the adhesive tape layers have an 

indication means for indicating the location of the at least one release element. 

14. . The ribbon cable of claim 2 further comprising at least one tensile strength 

member arranged in a generally longitudinal orientation between the pair of tape 

layers. 

15 15. The ribbon cable of claim 2 wherein the at least one release element is 

comprised of a substrate layer and an adhesion inhibiting layer to reduce adhesion 

between the at least one release element and the pair of adhesive tape layers. 

16. A method of manufacturing a fiber optic ribbon cable assembly comprising 

20 the steps of: 

25 

(a) providing a plurality of optical fibers oriented in a generally 

longitudinal orientation; 

.(b) arranging adjacent ones of the plurality of optical fibers in a 

fixed lateral spacing relative to each other; 

(c) applying a connector assembly onto a first longitudinal 

segment of the plurality of optical fibers; and 

( d) sandwiching at least a second longitudinal segment of the 

plurality of optical fibers separate from the first longitudinal segment 

between a pair of adhesive tape layers to form a ribbon cable assembly 

30 having adjacent ones of the plurality of optical fibers maintained · in an 
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arbitrary lateral spacing relative to each other in the second longitudinal 

segment. 

17. A method of manufacturing a fiber optic ribbon cable comprising the steps 

5 of: 

(a) providing a plurality of optical fibers oriented in a generally 

longitudinal orientation and having first and second ends; 

(b) applying at least one release element to the optical :fibers 

between the first and second ends; 

10 ( c) providing a pair of adhesive tape layers; and 

(d) sandwiching the at least one release element and optical 

fibers between the pair of adhesive tape layers to form a ribbon cable. 

18. The method of claim 17 wherein step (a) is a continuous process of feeding 

15 the plurality of optical :fibers from a corresponding plurality of spools of continuous 

optical fibers. 

20 

19. The method of claim 17 wherein step (d) comp~ses compressing the pair of 

adhesive tape layers together with at least a pair of rollers. 

20. · A method of applying a connector having first and second connector 

portions to a fiber optic n"bbon cable containing a pair of adhesive tape layers, at 

least one optical fiber arranged in a generally longitudinal orientation between the 

pair of tape layers and a pair of release elements disposed between the adhesive tape 

25 layers and the at least one optical fiber, the method comprising the steps of: 

(a) locating the release elements on the fiber optic n"bbon cable; 

(b) cutting the ribbon cable substantially perpendicular to its 

longitudinal axis near the midpoint of the release elements; 

( c) peeling back the adhesive tape layers and release elements to 

30 expose the at least one optical fiber; 
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(d) aligning the first connector portion with the at 1east one 

exposed fiber; 

(e) aligning the second connector portion with the at least one 

exposed fiber and with the first connector portion; 

5 (f) fastening the first and second connector portions about the at 

least one exposed fiber; 

(g) removing a release elements from the adhesive tape layers; 

and 

(h) applying the tape layers to the first and second connector 

1 o portions. 

21. The method of claim 20 further comprising the step of trimming away any 

excess adhesive tape. 

IS 
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