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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to op-
tical fiber transmission media and, more particularly, to
a method of manufacturing fiber optic ribbon cable as-
semblies 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 ribbon cable assembly
manufactured with or without an outside jacket or rein-
forcing shell. In addition, the present invention relates
to fiber optic ribbon cables made according to the inven-
tion having access points for subsequent connectoriza-
tion incorporated into the ribbon cable during manufac-
ture.

BACKGROUND OF THE INVENTION

[0002] 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 trunk installations where the im-
proved transmission characteristics of the optical fibers
justify the greater expense and difficulty associated with
their manufacture and installation. As the demands on
communication media continue to increase, the advan-
tages of using optical cable for transmission of signals
across shorter distances or, for interconnecting local de-
vices, continues to grow. Unfortunately, the costs asso-
ciated with the production of optical fiber cable assem-
blies, and in particular with the installation of connectors
on optical fiber ribbon cables, continue to limit the wide-
spread application of optical fiber transmission media
for these applications.
[0003] Traditionally, a single fiber optical cable is as-
sembled by coating an optical fiber with a buffer layer
and then encasing the buffered optical fiber within a pro-
tective sheath that provides tensile strength and an out-
er jacket commercially available from E.I. duPont de Ne-
mours, Wilmington, DE, under the trade designation
Kevlar, that serves as an environmental shield. Multi-
fiber optical cables are assembled in a similar manner
by bundling multiple buffered optical fibers within the
center of a Kevlar sheath and corresponding outer jack-
et. The difficulty with a multi-fiber bundled optical cable
is in providing an economic, convenient and reliable sys-
tem for installing a connector on the ends of the optical
fibers so as to provide a finished fiber optic cable as-
sembly.
[0004] As an alternative to a multi-fiber bundled opti-
cal cable, optical fiber ribbons have been developed in
which multiple optical fibers are aligned and maintained
in a planar configuration. U.S.-A- 3,920,432, describes
an early method of fabricating an optical fiber ribbon ca-
ble in which a plurality of glass optical fibers are carried
by a grooved holder with a plurality of spacing fibers of

triangular cross-section continuously fed into the spac-
es between adjacent optical fibers in the holder. The
spacing fibers are then melted to secure the optical fib-
ers 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 the
fiber optic ribbon with an optical connector. The disad-
vantage is that this technique limits the mechanical per-
formance of the fiber optic ribbon by requiring that the
spacer 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 that the
fiber optic ribbon be heated in order to melt the triangu-
lar-type spacing fibers to secure the optical fibers within
the holder subjects the fiber optic ribbon to thermal
stress.
[0005] U.S.-A-4,289,558 and U.S. -A-4,980,007, de-
scribe improved methods of fabricating a fiber optic rib-
bon in which buffered optical fibers are positioned adja-
cent one another in a planar orientation and then sand-
wiched between the adhesive layers of a pair of thin
binding tapes. The resulting fiber optic ribbon is then en-
cased in protective fibers and a plastic sheath, for ex-
ample, 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 creat-
ed and maintained by relying on the dimensional char-
acteristics of the buffer layer surrounding the optical fib-
ers and then abutting adjacent fibers so as to achieve a
uniform spacing across a cross-sectional width of the
fiber optic ribbon. While these techniques provide a
clear manufacturing advantage to the technique dis-
closed in U.S.-A-3,920,432, the problems which are cre-
ated by utilizing these techniques are an increased dif-
ficulty in attaching, aligning and installing optical con-
nectors on the ends of the fiber optic ribbon in order to
create a finished fiber optic ribbon cable assembly.
[0006] Numerous optical connectors have been de-
veloped to aid in the connection and splicing of fiber op-
tic ribbons. Examples of connectors which are designed
to terminate an end of a fiber optic ribbon are shown and
described in U.S.-A-3,864,018, U.S. -A- 4,793,683, and
U.S.-A-5,309,537. In contrast U.S.-A-3,871,935, and
EP-B- 0 613 031 81 both describe methods for encap-
sulating 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 jacket and buffer
surrounding the optical fibers are chemically removed
in a middle portion of the ribbon and the resulting bare
optical 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
which can be polished for alignment and/or abutment to
other optical fiber ends. The advantages of these en-
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capsulation connector techniques are that they involve
less manipulation and mechanical stress of the optical
fibers than the technique taught in U.S.-A-3,920,432.
The disadvantages are that the stripping step subjects
the optical fibers to potential damage and that the align-
ment of optical fibers in the molded assembly is not cer-
tain due to the potential movement of optical fibers dur-
ing the encapsulating process. Additionally, this process
is very labor intensive and not easily duplicated in the
field where a ribbon cable has already been installed.
[0007] It would be desirable to provide a ribbon cable
capable of easy field connectorization. Currently there
are two primary multi-fiber connectors, a fiber connector
available from AT & T under the trade designation MAC,
and a connector available from U S Conec under the
trade designation MT. The MAC connector is not de-
signed to be field installable at all. The MT connector
can be field installed, but not simply. When a field tech-
nician 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 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 dam-
aged. Any strengthening members in the ribbon cable
must also be peeled back. After peeling back the insu-
lation jacket and any strengthening members that may
be present, the technician is left with a fiber ribbon com-
prising a plastic ribbon coating encapsulating a series
of optical fibers.
[0008] 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 pull the coating off
of the fibers. This step often causes damage to the fibers
because it is very easy to cut too deeply with the blades
and therefor damage the fibers. Once the fibers are ex-
posed and are cleaned with alcohol to remove any re-
maining coating residue or particles, the connector must
be correctly filled with the appropriate amount of adhe-
sive. Then the fibers are manually inserted through
holes in the connector. Once this is done, the adhesive
must be cured to secure the fibers on the connector.
[0009] While fiber optic ribbon cables have expanded
the use of optical fibers, the existing methods of strip-
ping and connectorizing fiber optic ribbon cables are
very labor intensive and subject the optical fibers to po-
tential damage due to the difficulty in stripping the pro-
tective jacket and buffer. Attempting to thread the 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. Conse-
quently, it would be desirable to provide an improved
system for stripping and connectorizing fiber optic rib-
bon cables subsequent to cable fabrication.

Summary of the invention

[0010] The invention relates to a method of manufac-
turing a fiber ribbon cable assembly according to claim
1.
[0011] The dependent claims relate to individual em-
bodiments of the invention.
[0012] In accordance with the present invention, a
method of manufacturing a fiber optic ribbon cable as-
sembly involves the steps of providing a plurality of op-
tical 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 longi-
tudinal 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 are
sandwiched between a pair of adhesive tape layers to
form a ribbon cable assembly. Adjacent ones of the plu-
rality of optical fibers are maintained in an arbitrary lat-
eral spacing relative to each other in the second longi-
tudinal segment.
[0013] In a preferred embodiment, the plurality of op-
tical fibers are fed from spools of continuous optical fib-
er. The connector assembly comprises an upper con-
nector component and a lower connector component
with structure defined therein so that when the plurality
of optical fibers are sandwiched between the upper con-
nector component and the lower connector component,
the fixed lateral inter-fiber spacing is established. The
arbitrary lateral inter-fiber spacing within the non-con-
nector portion of the ribbon cable may range from 0.0 to
20 centimeters. Preferably, in-line connector assem-
blies include structure defining a center portion such that
the center portion may be cut generally perpendicular
to the longitudinal orientation of the optical fibers, there-
by 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 lay-
ers may include a pair of margin portions that extend
laterally beyond a planar orientation of the plurality of
optical fibers and are adhered to each other to form a
seal along at least a portion of the longitudinal edge of
the ribbon cable assembly.
[0014] The fiber optic ribbon cable assembly pro-
duced according to the method of the invention has op-
tical 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 connector assembly and having the remaining por-
tion 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 sand-
wiched around the optical fibers and the in-line optical
connector assemblies. By having the connector assem-
blies manufactured in line with the fiber optic ribbon ca-
ble, the resulting ribbon cable assembly is easier to
manufacture, has a higher alignment accuracy, and is

3 4



EP 0 978 744 B1

4

5

10

15

20

25

30

35

40

45

50

55

more cost effective than existing techniques for manu-
facturing ribbon cable assemblies. Additionally, the pair
of adhesive tape layers preferably encapsulate the op-
tical fibers and may serve as the outermost jacket for
the ribbon cable assembly, thereby reducing the number
of components associated with the ribbon cable assem-
bly.
[0015] A further fiber optic ribbon cable assembly
manufactured according to the method of the invention
includes a pair of adhesive tape layers. A plurality of op-
tical fibers are arranged in a generally longitudinal ori-
entation between a pair of adhesive tape layers with ad-
jacent optical fibers positioned with an arbitrary lateral
spacing relative to each other. At least a portion of at
least one connector assembly is also 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.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

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 art.
Figure 3 is a cross-sectional view of a fiber optic
ribbon cable produced according to the present in-
vention.
Figure 4 is an exploded cross-sectional view of the
fiber optic ribbon cable produced according to the
present invention showing the layered details of the
adhesive tape and optical 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 appli-
cation of the integrated in-line connector assem-
blies onto the fiber optic ribbon cable.
Figures 7a-7d are a series of cross-sectional views
of a fiber optic ribbon cable assembly produced in
accordance with the present invention demonstrat-
ing 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 connector assembly pro-
duced according to the invention.
Figure 9 is a top view of the lower connector com-
ponent of the connector assembly of Figure 8.
Figure 10 is an end view of the connector assembly
of Figure 8.
Figure 11 is a top view of an alternate embodiment
of the connector assembly made according to the
present invention including mechanical attachment

features.
Figure 12 is a side view of the alternate embodiment
of the connector assembly shown in Figure 11.
Figure 13 is an end view of an alternate embodi-
ment of a connector assembly made according to
the invention.
Figure 14 is an end view of another alternate em-
bodiment of a connector assembly made according
to the invention.
Figure 15 is a side view of another alternate embod-
iment of a connector assembly made according to
the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0017] 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 corre-
sponding series of spools 32 holding such optical fibers
30 through a guiding comb 34. Guiding comb 34 is pro-
vided with structure to establish a fixed, lateral inter-fiber
spacing between optical fibers 30. Preferably, this spac-
ing corresponds with a fixed, lateral inter-fiber spacing
of a connector assembly 22 which is preferably com-
prised of a pair of upper and lower connector compo-
nents 23, 24. After optical fibers 30 are brought through
guiding comb 34, the connector components 23, 24 are
positioned so as to sandwich optical fibers 30 therebe-
tween, thereby fixing the lateral inter-fiber dimension
within connector assembly 22. At a point farther down-
stream 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 rib-
bon cable 28. (Of course, it is understood that an equiv-
alent 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 roll-
ers 36, 38 are preferably used to supply the force nec-
essary to secure upper adhesive tape 26 to lower adhe-
sive tape 27 with optical fibers 30 being held therebe-
tween and having an arbitrary and non-fixed, lateral in-
ter-fiber separation distance, except for in those loca-
tions of optical fiber ribbon 20 where connector compo-
nents 23, 24 have been located. When present, optical
connector components 23, 24 are also sandwiched be-
tween upper and lower adhesive tapes 26, 27.
[0018] In one embodiment, connector assembly 22 is
comprised of a pair of 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 uni-
tary 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 perpendicular to the longitudi-
nal orientation of optical fibers 30, however, it is possible
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to make this cut a small angle to perpendicular, for ex-
ample, in order to aid 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 plas-
tic body having a ceramic or metal insert corresponding
to the portion of connector assembly 22 which interfaces
with optical fibers 30.
[0019] In conventional installation of fiber optic ca-
bles, 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 nor-
mally required in order to complete an interconnection
between two cables, it should be recognized that it
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 combi-
nations and configurations of mechanical connector
members and connector orientation configurations can
be accomplished in the embodiment of Fig. 1.
[0020] One of the advantages of assembling a ribbon
cable with connectors in line is that, by assembling op-
tical fibers 30 within connector components 23, 24 prior
to completing the remaining assembly of optical fiber rib-
bon cable assembly 20, it is not necessary to maintain
specific inter-fiber distances or tolerances throughout
the entire length of ribbon cable 28. As shown in Figure
2, the prior art technique of assembling a fiber optic rib-
bon cable 40 relies on positioning adjacent optical fibers
42 in a contiguous planar, abutting relationship. By do-
ing 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 spac-
es 46 along a longitudinal length of fiber optic ribbon
cable 40, it does not work well enough to provide for
consistent, accurate inter-fiber spacings 46 which could
be used for optical alignment within an optical connec-
tor.
[0021] 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 com-
ponents) as shown in Figure 3 does not attempt to main-
tain a precisely fixed, lateral relation among optical fib-
ers 30 when sandwiched between tape layers 26, 27.
As a result, distances d' shown at 50 and d'' shown at
52 between adjacent optical fibers 30 may or may not
be identical. Each distance d' and d'' will generally in-
clude a space between laterally-adjacent optical fibers,
A1 shown at 54 and A2 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, it would also be possible for
adjacent optical fibers 30 to, in some situations, be in
an abutting relationship.
[0022] By assembling optical fibers 30 within connec-
tor assembly 22 prior to completing the remaining as-

sembly of optical fiber ribbon cable assembly 20, signif-
icant 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 proc-
ess of installing the optical connector assembly. In ad-
dition, there is absolute certainty of the relative position
of the optical fibers 30 within connector components 23,
24. Finally, the manufacture of the integrated, in-line op-
tical 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
manufacture or field-installation of optical connectors on
fiber optic ribbons.
[0023] Referring now to Figure 4, a preferred embod-
iment of tape layers 26, 27 and optical fibers 30 will be
described. Figure 4 shows an exploded cross-sectional
view of ribbon 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 or air. Fiber optic core 60 is sur-
rounded by a cladding layer 62 composed of a material
selected from the set comprising glass, plastic or metal.
[0024] 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 Company, St. Paul, Minnesota, under
the trade designation TECS FT-200-EMA, although it
will be recognized that the fiber optic ribbon cable as-
semblies 20 made in accordance with the invention uti-
lizing a variety of different optical fibers would be accept-
able.
[0025] 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 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, 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 ad-
hesive, thermoset 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 envi-
ronmental applications, or may be comprised of plastic,
metal, fabric or any combination thereof. Preferably, lay-
ers 72 and 74 are comprised of a tape available from
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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.
[0026] In Figure 5, protective layer 74 and adhesive
layer 72 are extended beyond encapsulating layer 70 in
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 un-
derstood that, for economic reasons, in a preferred em-
bodiment, outer layer 74 is intended to serve as an out-
ermost jacket of ribbon cable 28, it would also be pos-
sible 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 so
as to prevent, for example, bending or crimping of opti-
cal fibers 30. One such embodiment would involve fold-
ing the generally planar orientation of cable 28 into an
S-shaped configuration. Another alternate configuration
would provide for a stacked orientation of multiples of
cable 28. Still another embodiment would include an ad-
ditional core member around which cable 28 could be
wrapped, with the core member having a circular cross
section, for example, to simulate a more traditional tu-
bular shape for the final cable assembly.
[0027] 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
controlling the positioning and number of connector as-
semblies 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 deter-
mined by the positioning of sequential connector as-
semblies 22.
[0028] Figures 7a-7d show how cable segments 80
can be created from the continuous run of cable assem-
bly 20. Cable assembly 20 is cut along a center portion
82 of connector assembly 22. Center portion 82 is ef-
fectively 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 of
rollers 36, 38, cuts or scores adhesive tapes 26, 27 to
facilitate the removal of portions 90. To make cable as-
sembly segment 80, cable assembly 20 is cut in an ori-
entation generally perpendicular to the longitudinal ori-
entation 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 which each end 92, 94 may or may

not require further polishing to complete manufacture
and assembly of cable segment 80.
[0029] Referring to Figures 8, 9 and 10, a more de-
tailed description of the preferred embodiment of con-
nector assembly 22 will be presented. As shown in Fig-
ure 8, each connector assembly 22 includes two con-
nector components 23, 24 each of which is generally
comprised of a pair of mirror image quarter sections (two
of which are shown in Figure 8), each quarter section
being constructed of three main portions: a center por-
tion 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 triangular to accommodate op-
tical fibers 30 within the space thereby defined. The
spacing between adjacent grooves 88 serves as the
structure to define the fixed, lateral inter-fiber space be-
tween adjacent optical fibers 30 within connector com-
ponents 23, 24.
[0030] It will be apparent that the particular spacing
and dimensions of grooves 88 within connector assem-
bly 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 de-
sign considerations. For example, in a situation where
it is desirable to prevent optical fibers 30 from being with-
drawn from connector assembly 22, the depth of
grooves 88 would be chosen so as to be shallow, there-
by transferring the laminating force induced by rollers
36, 38 directly to optical fibers 30. In contrast, if it is de-
sired 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 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.
[0031] In one embodiment connector assembly 22 in-
cludes 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 in-
vention. Alternate embodiments would permit the as-
sembly of connector components 23, 24 without such
alignment details, or would include a mechanism for
joining connector components 23, 24 such as an adhe-
sive, a mechanical latching mechanism or welding, in-
cluding ultrasonic welding, to secure connector compo-
nents 23, 24 to one another.
[0032] Referring now to Figures 11 and 12, an alter-
nate embodiment of a connector assembly 122 is
shown. In this embodiment, an upper connector compo-
nent 123, and lower connector component 124 are as-
sembled as previously described. Connector assembly
122 includes additional structure in the form of mating
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attachments 126, 128 and flange 130 which are integral-
ly formed with connector 122.
[0033] Although the orientation of optical fibers 30 is
generally planar in order to facilitate formation of a pla-
nar ribbon cable, alternate longitudinal arrangements of
optical fibers 30 are also contemplated. In an alternate
embodiment of a connector assembly 222 shown in Fig-
ure 13, connector halves 223, 224 have a non-planar
orientation. In this embodiment, each connector half
223, 224 would comprise a semi-circular cross-section-
al configuration having grooves 230 defined in a periph-
eral surface thereof and would also have a correspond-
ing 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 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 from the disadvan-
tage of having a larger connector surface than would
otherwise be required for a planar configuration of a like
number of optical fibers 30, the remainder of fiber ribbon
cable assembly 30 being configured in a braided and
round cross-sectional configuration would offer sym-
metrical bend characteristics for the resulting final cable
assembly.
[0034] In another alternate embodiment of a connec-
tor assembly 322 shown in Figure 14, another non-pla-
nar orientation of optical fibers 30 is shown. In this em-
bodiment, each connector component 323, 324 is sim-
ilar 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 configuration.
Such a non-planar configuration would be useful, for ex-
ample, in a situation where a top row of optical fibers
are being used for transmitted signal channels and a
bottom row of optical fibers are being used for received
signal channels.
[0035] In another alternate embodiment of a connec-
tor assembly 422 shown in Figure 15, connector assem-
bly 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 em-
bodiment, connector components 423 and 424 are split
in the middle so that only optical fibers 30 and tape lay-
ers 26, 27 need be severed perpendicular to the longi-
tudinal orientation of optical fibers 30 in order to create
a fiber optic ribbon cable assembly.

Claims

1. A method of manufacturing a fiber optic ribbon ca-
ble assembly (20) comprising the steps of:

(a) providing a plurality of optical fibers (30) ori-
ented generally parallel to each other,
(b) arranging adjacent fibers of the plurality of
optical fibers in a fixed lateral spacing relative
to each other,
(c) applying a connector assembly (22) onto a
first longitudinal segment of the plurality of op-
tical fibers, and
(d) after applying the connector assembly (22)
onto the first longitudinal segment sandwiching
at least a second longitudinal segment of the
plurality of optical fibers separate from the first
longitudinal segment between a pair of adhe-
sive tape layers (26,27) to form a ribbon cable
having adjacent fibers of the plurality of optical
fibers maintained in an arbitrary lateral spacing
relative to each other in the second longitudinal
segment.

2. Method of claim 1 wherein the adhesive tape layers
include an encapsulating layer (70) and are the out-
ermost jacket for the ribbon cable.

3. Method of claim 1 or 2 wherein each of the adhesive
tape layers includes a pair of margin portions (76)
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 longitu-
dinal edge of the ribbon cable.

4. Method of any of the claims 1 to 3 wherein the ad-
hesive tape layers are each comprised of an outer
protective member (74), an intermediate adhesive
layer (72), and an inner encapsulating layer (70).

5. Method of claim 4 wherein one layer material com-
prises both the intermediate adhesive layer and the
inner encapsulating layer.

6. Method of any of the claims 1 to 5 further comprising
the step of disposing the connector assembly (22)
between at least a portion of the plurality of optical
fibers (30) and the adhesive tape layers (26,27),
wherein the connector assembly (22) including an
upper connector component (24) and a lower con-
nector component (23), at least one of which in-
cludes structure (88) for separating adjacent optical
fibers into a fixed lateral spacing.

7. Method of any of the claims 1 to 6 wherein each of
the connector components includes at least a pair
of laterally-oriented structures (84) on an outer sur-
face of the component (23,24) that define a longitu-
dinal center portion (82) therebetween from which
at least a portion (90) of the adhesive tape layers
(26,27) is removed.
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8. Method of claim 6 or 7 wherein each of the connec-
tor components (23,24) includes a longitudinal
center portion (82) which is cut generally perpen-
dicular to the longitudinal orientation of the optical
fibers (30) subsequent to disposition of the connec-
tor assembly within the pair of adhesive tape layers
(26,27) to expose ends of the plurality of optical fib-
ers (30) which are disposed within a lateral cross-
section of the connector assembly in the fixed lat-
eral spacing.

9. Method of any of the claims 6 to 8 wherein each of
the connector components (23,24) includes a lon-
gitudinal first half and a longitudinal second half
such that the connector assembly comprises four
pieces (431,432,433,434) and the optical fibers are
cut generally perpendicular to their longitudinal ori-
entation subsequent to disposition of the connector
assembly within the pair of adhesive tape layers
(26,27) between the first halves and second halves.

10. Method of any of the claims 6 to 9 further comprising
means (100,102) for joining the connector compo-
nents.

11. Method of any of the claims 1 to 10 further compris-
ing at least one tensile strength member (530) gen-
erally arranged in the longitudinal orientation be-
tween the adhesive tape layers (26,27) therebe-
tween.

12. The method of claim 1 wherein step (a) is a contin-
uous process of feeding the plurality of optical fibers
from a corresponding plurality of spools (32) of con-
tinuous optical fibers (30).

13. The method of claim 1 wherein step (d) comprises
compressing the pair of adhesive tape layers
(26,27) together with at least a pair of rollers
(36,38).

Patentansprüche

1. Verfahren zur Herstellung einer faseroptischen
Bandkabelanordnung (20) mit den folgenden
Schritten:

(a) Vorsehen mehrerer im wesentlichen parallel
zueinander ausgerichteter optischer Fasern
(30),

(b) Anordnen benachbarter Fasern der mehre-
ren optischen Fasern in einem festen seitlichen
Abstand voneinander,

(c) Anbringen einer Verbinderanordnung (22)
an einem ersten längsgerichteten Abschnitt der

mehreren optischen Fasern, und

(d) nach dem Anbringen der Verbinderanord-
nung (22) an dem ersten längsgerichteten Ab-
schnitt, sandwichartiges Anordnen mindestens
eines zweiten längsgerichteten Abschnitts der
mehreren optischen Fasern getrennt von dem
ersten längsgerichteten Abschnitt zwischen
zwei Klebebandschichten (26, 27) zur Bildung
eines Bandkabels, bei dem benachbarte Fa-
sern der mehreren optischen Fasern in dem
zweiten längsgerichteten Segment mit einem
beliebigen seitlichen Abstand voneinander an-
geordnet sind.

2. Verfahren nach Anspruch 1, bei dem die Klebe-
bandschichten eine Kapselschicht (70) aufweisen
und die äußerste Ummantelung des Bandkabels
bilden.

3. Verfahren nach Anspruch 1 oder 2, bei dem jede
der Klebebandschichten zwei Randbereiche (76)
aufweist, die sich seitlich über eine planare Ausrich-
tung der mehreren optischen Fasern hinaus er-
strecken, und wobei die Paare der Randbereiche
aneinander haften, um eine Dichtung entlang we-
nigstens einem Bereich jedes Längsrandes des
Bandkabels zu bilden.

4. Verfahren nach einem der Ansprüche 1 bis 3, bei
dem die Klebebandschichten jeweils aus einem äu-
ßeren Schutzteil (74), einer Zwischen-Klebeschicht
(72) und einer inneren Kapselschicht (70) besteht.

5. Verfahren nach Anspruch 4, bei dem ein Schicht-
material sowohl die Zwischen-Klebeschicht, als
auch die innere Kapselschicht umfaßt.

6. Verfahren nach einem der Ansprüche 1 bis 5, ferner
mit dem Schritt des Anordnens der Verbinderanord-
nung (22) zwischen mindestens einem Bereich der
mehreren optischen Fasern (30) und den Klebe-
bandschichten (26, 27), wobei die Verbinderanord-
nung (22) eine obere Verbinderkomponente (24)
und eine untere Verbinderkomponente (23) auf-
weist, von denen wenigstens eine eine Struktur (88)
aufweist, um benachbarte optische Fasern mit ei-
nem festen seitlichen Abstand voneinander zu tren-
nen.

7. Verfahren nach einem der Ansprüche 1 bis 6, bei
dem jede der Verbinderkomponenten mindestens
zwei seitlich ausgerichtete Strukturen (84) auf einer
Außenfläche der Komponente (23, 24) aufweist,
welche zwischen einander einen Längsmittenbe-
reich (82) begrenzen, aus dem mindestens ein Teil
(90) der Klebebandschichten (26, 27) entfernt wird.
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8. Verfahren nach Anspruch 6 oder 7, bei dem jede
der Verbinderkomponenten (23, 24) einen Längs-
mittelbereich (82) aufweist, der nach dem Anord-
nen der Verbinderanordnung in den beiden Klebe-
bandschichten (26, 27) im wesentlichen senkrecht
zur Längsausrichtung der optischen Fasern (30)
geschnitten wird, um Enden der mehreren opti-
schen Fasern (30) freizulegen, die in einem seitli-
chen Querschnitt der Verbinderanordnung mit dem
festen seitlichen Abstand voneinander angeordnet
sind.

9. Verfahren nach einem der Ansprüche 6 bis 8, bei
dem jede der Verbinderkomponenten (23, 24) eine
längliche erste Hälfte und eine längliche zweite
Hälfte aufweist, so daß die Verbinderanordnung
vier Teile (413, 432, 433, 434) umfaßt, und die op-
tischen Fasern nach dem Anordnen der Verbinder-
anordnung in den beiden Klebebandschichten (26,
27) zwischen den ersten und den zweiten Hälften
im wesentlichen senkrecht zur ihrer Längsausrich-
tung geschnitten werden.

10. Verfahren nach einem der Ansprüche 6 bis 9, ferner
mit Einrichtungen (100, 102) zum Verbinden der
Verbinderkomponenten.

11. Verfahren nach einem der Ansprüche 1 bis 10, fer-
ner mit wenigstens einem Zugfestigkeitselement
(530), das im wesentlichen in Längsrichtung zwi-
schen den Klebebandschichten (26, 27) angeord-
net ist.

12. Verfahren nach Anspruch 1, bei dem der Schritt (a)
ein kontinuierlicher Vorgang des Zuführens der
mehreren optischen Fasern von einer entsprechen-
den Vielzahl von Spulen (32) mit kontinuierlichen
optischen Fasern (30) ist.

13. Verfahren nach Anspruch 1, bei dem der Schritt (d)
das Zusammendrücken der beiden Klebeband-
schichten (26, 27) mit mindestens zwei Walzen (36,
38) umfaßt.

Revendications

1. Un procédé de fabrication d'un ensemble de câble
ruban (20) de fibres optiques comprenant les éta-
pes consistant à:

(a) agencer plusieurs de fibres optiques (30)
orientées selon une orientation généralement
parallèle l'un à l'autre,

(b) agencer des fibres adjacentes de la pluralité
de fibres optiques avec un espacement latéral
fixe l'un de l'autre,

(c) appliquer un ensemble de connecteur (22)
sur un premier segment longitudinal de la plu-
ralité de fibres optiques, et

(d) après l'application de l'ensemble de con-
necteur (22) sure le premier segment longitudi-
nal, prendre en sandwich au moins un second
segment longitudinal de la pluralité de fibres
optiques séparé du premier segment longitudi-
nal entre une paire de couches (26,27) de ru-
ban adhésif afin de former un câble ruban, dans
lequel des fibres adjacentes de la pluralité de
fibres optiques sont maintenues dans un espa-
cement latéral relatif arbitraire dans le second
segment longitudinal.

2. Le procédé selon la revendication 1, dans lequel les
couches de ruban adhésif incluent une couche
d'enrobage (70) et sont l'enveloppe extérieure du
câble ruban.

3. Le procédé selon les revendications 1 ou 2, dans
lequel chacune des couches de ruban adhésif inclut
une paire de fractions marginales (76) qui s'étend
latéralement au-delà d'une orientation plane de la
pluralité des fibres optiques et dans lequel les pai-
res de fractions marginales adhèrent entre elles
pour former un joint étanche le long d'au moins une
fraction de chacun des bords longitudinaux du câ-
ble ruban.

4. Le procédé selon les revendications 1 à 3, dans le-
quel les couches de ruban adhésif chacune com-
prend un organe protecteur externe (74), une cou-
che adhésive intermédiaire (72), et une couche in-
terne d'enrobage (70).

5. Le procédé selon la revendication 4, dans lequel
une couche de matière comprend tant la couche in-
termédiaire d'adhésif que la couche interne d'enro-
bage (70).

6. Le procédé selon les revendications 1 à 5, compre-
nant en outre l'étape d'agencer l'ensemble de con-
necteur (22) entre au moins une fraction de la plu-
ralité de fibres optiques (30) et les couches (26, 27)
de ruban adhésif, l'ensemble de connecteur in-
cluant un composant supérieur (24) de connecteur
et un composant inférieur (23) de connecteur, dont
au moins l'un inclut une structure (88) pour séparer
des fibres optiques adjacentes selon un espace-
ment latéral fixe.

7. Le procédé selon les revendications 1 à 6, dans le-
quel chacun des composants de connecteur inclut,
sur une surface extérieure du composant (23, 24),
au moins une paire de structures orientées latéra-
lement (84) qui définissent entre elles une fraction
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centrale longitudinale (82) de laquelle au moins une
fraction (90) des couches (26,27) de ruban adhésif
est enlevée.

8. Le procédé selon la revendication 6 ou 7, dans le-
quel chacun des composants (23,24) de connec-
teur inclut une fraction centrale longitudinale (82)
qui est coupée de façon généralement perpendicu-
laire à l'orientation longitudinale des fibres optiques
(30) après la disposition de l'ensemble de connec-
teur à l'intérieur de la paire de couches (26, 27) de
ruban adhésif pour exposer des extrémités de la
pluralité de fibres optiques (30) qui sont disposées
à l'intérieur d'une section en coupe transversale la-
térale de l'ensemble de connecteur selon l'espace-
ment latéral fixe.

9. Le procédé selon les revendications 6 à 8, dans le-
quel chacun des composants (23, 24) de connec-
teur inclut une première moitié longitudinale et une
deuxième moitié longitudinale telles que l'ensemble
de connecteur comprend quatre éléments
(431,432,433,434) et les fibres optiques (30) sont
coupées de façon généralement perpendiculaire à
leur orientation longitudinale après disposition de
l'ensemble de connecteur à l'intérieur de la paire de
couches (26,27) de ruban adhésif entre les premiè-
res moitiés et les deuxièmes moitiés.

10. Le procédé selon les revendications 6 à 9, qui com-
prend en outre un moyen (100,102) d'assemblage
des composants (23,24) de connecteur.

11. Le procédé selon les revendications 1 à 10, qui
comprend en outre au moins un organe de résis-
tance à la traction agencé entre les couches (26,
27) de ruban adhésif, de façon générale selon leur
orientation longitudinale.

12. Le procédé selon la revendication 1, dans lequel
l'étape (a) est un processus continu d'avance de la
pluralité des fibres optiques (30) à partir d'une plu-
ralité correspondante de bobines (32) de fibres op-
tiques continues.

13. Le procédé selon la revendication 1, dans lequel
l'étape (d) comprend une compression de la paire
de couches (26, 27) de ruban adhésif l'une contre
l'autre au moyen d'au moins une paire de rouleaux
(36, 38).
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