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Background e Invention
1. Field of the Invention

10 The present invention generally relates to
devices for optically connecting the ends of waveguides
such as optical fibers, and more particularly to an
article which splices a plurality of pairs of such
optical fibers, the article including an insert molded

15 splice body and an aluminum splice element which is
anodized prior to embossing certain features thereon.
e 2., Description of the Prior Art

'_Splice devices for optical fibers are known in
thée art, but there is still a need for a quick and
20 reliable method of splicing a plurality of fibers in a
high &eﬁSity environment. Prior to the introduction of
splice devices which join a plurality of optical fibers
in a single splice body (discussed further below), this
was accomplished by utilizing a plurality of single fiber

25 (discrete) splice devices. This approach was very time
consuming, however, and further resulted iﬁ a large
volume of splice bodies which crowd junction boxes, or
require specialized splice trays to keep the fibers
organized.

30 Several systemé have been devised to address
the problem of multiplé fiber splicing. One technique,
mass fusion welding, requires that each fiber be placed
in a groove of a rigid substrate having several such
grooves. Best fit averaging is used to align the fiber

35 pairs and an electric arc is created, melting the fiber
tips and permanently fusing them together. The primary,
and very significant, limitation of fusion splicing is
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eptical flbers and nDr @gtlcularly to an article which splices a

plurality ofhi optlcal fibers, the article including an insert
nol ded Sp|IC I | um num splice el enent which is anodi zed prior

to enbossing es thereon. 2. Description of the Prior Art
Splice devices for optlcal fibers are known ip-the art. but there is stil
a need for a quick and reliable nethod of splicing a plurality of fibers in

a high density erthe greaterixpdiiserof chdefusiondweldersof Fpsion weliddesy
whi ch is also time consuming, and precludes later fiber removal
or repositioning.
Another common multlple splicing technique
5 requires the use of adhesives, again with a substrate or
tray that has a plurality of grooves therein. For
example, in U.S. Patent No. 4,028,162, a plurality of
fibers are first aligned on a plastic substrate having
fiber aligning grooves, and then a cover plate is applied
10 over the fibers and the substrate, the cover plate having
means to chemically adhere to the fiber and substrate.
Adhesives are also used in the optical fiber splice
devices disclosed in U.S. Patent No. 4,029,390 and
Japanese Patent Application (Kokai) No. 58-158621. The
15 use of adhesives is generally undesirable since it adds
another step to the splicing process, and may introduce
contaminants to the fiber interfaces. Splice devices
using adhesives also require extensive poliShing of the
fiber end faces to achieve acceptable light transmission,
20 and some adhesive splices further reguire the use of a
vacuum unit to remove trapped air.
The ’390 patent represents an improvement over
earlier multiple splice devices in that it utilizes a
foldable holder having a series of V-grooves on both
25 sides of a central hinge regioh. The method of attdching
the fibers to the holder, however, presents additional
problems not present in earlier splices. First of all,
since adhesive is used to affix the fibers to the holder
before splicing, the cleaving of the fibers becomes a
30 critical step since the cleave length must bé exact to
avoid any offset of the fiber end faces, which would be
extremely detrimental to splice performance. Secondly,
it is critical that the opposing V-grooves be exactly
aligned, which is unlikely with the hinge depicted in the
35 ’390 patent; otherwise, there will be transverse fiber
offset resulting in increased signal loss. Finally, the
7’390 holder would not maintain the opposing plates
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furﬂhemuh & was acconplished by utilizing a plurality of single
flb Ilce de- vices. This approach was very tine consum ng,
her resulted in a | arge volunme of splice bodies which

Junc |on oxes or require special- izedysplice trays to keep the
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that e?Ch Fiber b%ﬂ@fﬂize transverse alignment of the fiber pairs, and
also affects fiber deformation.
Another problem with several of the foregoing
5 splicing devices is that they used rigid substrates to
clamp the fibers. There are several disadvantages to the
use of rigid substrates. First of all, it is generally
more difficult to form grooves in a rigid material, such
as by etching, grinding or erosion, which increases
10 manufacturing cost. Rigid substrates must also be
handled more carefully since they are brittle and thus
easily damaged. Most importantly, the use of a rigid
substrate having grooves therein results in poor
alignment of the fiber pairs (as well as unnecessary
15 fiber deformation), leading to higher insertion loss.
These problems are compounded in stacked configurations
such as those shown in U.S. Patent Nos. 3,864,018,
4,046,454 and 4,865,413.
. These difficulties may be avoided by the use of
20 a substrate which is malleable, elastomeric or ductile.
Unfortunately, however, the use of such materials has not
been fully appreciated nor implemented. For example,
U.S. Patent No. 4,046,454“teaches that the rigid v-
grooves may be lined with a ductile material. This
25 complicates the manufacturing process, however, arid ‘adds
significant cost. In U.S. Patent No. 4,102,561, the
splice device utilizes two alignment members formed of a
resilient material which may deform against the fiber
surfaces. That splice, however, requires the attachment
30 of two subassemblies prior to insertion of the fibers
into the alignment members, and further uses about a
dozen clamps and bolts, making the device very difficult
to use in the field (similar problems apply to the device
illustrated in U.S. Patent No. 4,045,121). The primary
35 clamping action directly at the fiber interface also
causes deformation of the fiber resulting in more signal
loss than if there were a more gradual clamping toward
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s. Fusion welding is also tine consumng, and precludes
| ater fiber renoval or reposi- tioning.

the interface. This problem also applies to other splice
designs, such as that depicted in European Patent
Application No. 88303777.2, which further suffers from
the non-uniform application of clamping forces to
5 different fibers. It is also important to ensure that
insertion loss and fiber retention are not adversely
affected by temperature cycling, particularly in view of
the desired 30 year life of a splice.
One remaining concern is the potential for the
10 fibers to skive or scrape the splice element material as
the fibers are inserted into the element, resulting in
microscopic particles or flakes which can become situated
between the fiber end faces and thus increase insertion
loss. In this regard, manufacturers of aluminum splice
15 elements have recognized the benefit of providing an
anodized layer along the fiber-receiving grooves in the
element. For example, U.S. Patent No. 5,121,456
discloses the use of an aluminum element which is
anodized to provide resistance to chipping and gouging.
20 The element is first embossed or stamped to create the
fiber-receiving V-grooves, and then anodized. While this
process does provide some resistance to skiving, it has
many disadvantages. First of all, it requires shipment
of the fragile, finished elements outside of the
25 manufacturing plant, to be anodized elsewhere. Sécbndly,
this anodizing process is relatively complicated,
requiring special solutions and application of
electricity. It is also difficult to use this batch
process to create elements having an anodized layer of
30 uniform or controlled thickness. Finally,.the anodized
elements must be shipped back to the manufacturing plant
for assembly into the finished splice package, all the

while protecting the critical surfaces from scratching,
etc.

38 It would, therefore, be desirable and
advantageous to devise a high performance splice device
for multiple optical fibers which utilizes a splice
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2 Anot her comron nultiple splicing technique re- qU|res the use of

adhesives, again with a substrate or tray that has a plT
therein. For exam ple, in U S Pat. No. 4,023,162, a pI r
are first aligned on a plastic substrate.having flber aI and

then a cover plate is applied over the fibers and the substrate the cover
pl ate having nmeans to chenically adhere to theTiber and substrate.

Adhesi ves element formed of a ductile material, and has a skive-
resistant layer, but which overcomes the foregoing
limitations. It would also be beneficial to include
means for strengthening the splice to ensure proper

5 performance during temperature cycling, to increase its

stiffness without increasing the size of the splice.

- Summary of the Invention
. 10 The foregoing objectives are achieved in a
device for splicing multiple optical fibers comprising a
splice element, a body surrounding the splice element,
and means for clamping the fibers in the splice element.
The element is preferably formed of a soft aluminum
15 material, and has an anodized layer which is created
prior to the embossing or stamping of any surface
features on the element, such as a series of parallel V-
grooves. The body may be compfised of a jacket portion
and a cap portion which interlock to hold the splice
20 element, the jacket including a wedge for actuation of
the element. A reinforcing tube may be insert molded
into the body to increase its strength, without
increasing the size of the splice, for improved insertion
loss and fiber retention during temperature cycling.
25 - LN
Brief Description of the Drawings
The novel features and scope of the invention
are set forth in the appended claims. The invention
itself, however, will best be understood by reference to
30 the accompanying drawings, wherein: s
Figure 1 is a perspective view of the multiple
optical splice device of the present invention;
Figure 2 is an exploded perspective view of the
splice device of the present invention;
35 _Fighre 3 is a perspective view of the splice
element used in the multiple fiber splice device of the
present invention, in its unfolded state;
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are also used in the optical fiber splice devices disclosed in U S. Pat.
No. 4,029,390 and Japanese Patent Applica- tion (Kokai rhibeheeSBs B&8&eacedrhe
use of adhesives is generally undesirable since it adds 0 the
splicing process,, and may -i ntroduce contam nants to the es.
Splice devices using adhesives al so require gxtensive polishing of the
fiber end faces to achi eve acceptable [ight ttTansm ssion, and sone adhe-
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arr of one end of the splice element of Figure 3 showing the
porch and ramp;

Figure 5 is a sectional perspective view of the

5 fully assembled splice device of the present invention;

Figure 6 is a sectional elevation of an
alternative end cover used with the splice device of the
present invention, having a compartment therein for index
matching gel;

10 Figure 7 is a perspective view of the stacked
splice embodiment of the present invention;

Figure 8 is an enlarged transverse sectional
view of the splice of the present invention depicting the
reinforcing insert tube; and -

15 Figure 9 is a longitudinal sectional view of
the jacket portion of the splice of the present invention
also depicting the insert tube.

Description of the Preferred Embodiment

20 With reference now to the figures, and in
particular with reference to Figure 1, there is depicted
the multiplé optical fiber splice device 10 of the
present invention. Although the term "connector" may be
applied to splice 10, that term is usually reserved for

25 devices which are intended to provide easy connectidn and
disconnection, as opposed to a splice which is usually
considered permanent. Nevertheless, the term "splice"
should not be construed in a limiting sense since splice
10 can indeed allow removal of the fibers, as explained

30 further below. e

With further reference to Figure 2, splice 10

includes a generally rectangular body 12 which is
essentially comprised of a jacket 14 and a cap 16.
Splice 10 also includes a'splice element 18 and

35 longitudinal actuation means 20 for applying pressure to
splice elemenf 18. In the preferred embodiment, -
actuation means 20 comprises a wedge 22 having surfaces



The ' 396 patent repreﬁegis an i nprovenent over earlier multiple splice
devi ces g asKebdias Been I'zes a fold- able holder having a series of

V- grooves “ of a central hinge region. The nmethod of attaching
the fi berk\ r, however, presents additional prob- |ens not
present i rT1er splices.

First of all, since adhesive is used to affix
the fibers to the hol der before splicing, thé7EIeaving of the fibers
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14 and cap 16. A tongue 24, which is integrally molded
with cap 16, is advantageously interposed between wedge
22 and splice element 18 as discussed further below.

5 Jacket 14 has a longitudinal slot 26, rectangular in
cross-section and extending through jacket 14, for
receiving a splice element 18; slot 26 is slightly
shorter than splice element 18, allowing both ends of
element 18 to extend beyond the ends of slot 26. Jacket

10 14 also has an integrally molded male coupling element or
projection 28 which fits within a cavity 30 formed in cap
16. Projection 28 has two transverse bumps 32 which snap
into recesses 34 of cap 16, providing a snug fit between
jacket 14 and cap 16.

15 Jacket 14 and cap 16 each have extensions 36
and 38, respectively, which receive end covers 40 and 42,
respectively. Extensions 36 and 38 have recessed
surfaces which support the fibers at the entrance to slot
26. End covers 40 and 42 impart protection to the

20 - spliced fibers and splice element 18 against
environmental. influences. End covers 40 and 42 are
attached to extensions 36 and 38 of the jacket and cap,
respectively, by any convenient means, such as arcuate
jaws 44 which snap onto and rotatably grip trunnions 46.

25 The side edges 48 of extensions 36 and 38 are rounded to
allow end covers 40 and 42 to rotate on trunnions 46.

End covers 40 and 42 also include hooks forming latches
50 which snap into notches 52 in extensions 36 and 38 and
securely maintain the end covers in a tightly closed

30 position. | i

Jacket 14 and cap 16 define many overlapping
surfaces which impart additional environmental sealing
and further inhibit separation of these two components of
body 12 by, e.g.,_behding of body 12. For example,

35 projection 28 has a lower tier 54 which slides under a
canopy 56 formed on cap 16. Cap 16 also includes bosses
58 which fit into recesses (not visible in the Figures)



detrlnental S I|ce perfornance Secondly, it is crti- cal that the

opposm’@11 actly aligned, which is unlikely wth the hinge
deplcted tent; otherwise. there will be transverse fiber
of f set r reased signal loss. Finally, the '390 hol der woul d

not nalntaln the opp05|ng plates perfectly pgrallel, which is necessary in
order to optimze trans- verse alignnent of Cthe fiber pairs, and al so

affects fiber defqrgRbi 8Brresponding face of jacket 14. Projection 28
. and cap 16 further have inclined surfaces 60 and 62 which
result in a'greater contact surface area and make it more
difficult to pop jacket 14 and cap 16 apart by bending
5 them near their interface.

Turning now to Figures 3 and 4, splice element
18 is described in further detail. Splice element 18 may
be formed from a sheet of deformable material, preferably
a ductile metal such as aluminum, although polymeric

10 materials may also be used. Material selection is
described further below. Certain features are embossed,
coined, stamped, molded or milled into element 18. PFirst
of all, a groove 70 is formed on the outside surface 72
of element 18. Groove 70 forms an area of reduced

15 thickness to define a bend line or hinge, and separates
element 18 into two legs or plates 74 and 76 having
essentially the same width. The hinge is preferably
formed by additionally embossing a notch 78, opposite
groove 70, on the inside surface 80 of element. This

20 creates a "focus hinge" which provides more accurate
registration of plates 74 and 76 when they are folded
together, as explained further below. A slot 81 may also
be punched out of element 18 by removing a portion of the
hinge, which allows the elements to more easily be flexed

25 to the actuated position. . . "

In one embodiment of the present inventlon,
plate 76 has a series of V-shaped grooves 82 embossed on
the inside surface 80 of element 18. V-grooves 82 are
generally parallel with groove 70. Those skilled in the

30 art will appreciate that the V-grooves may {ﬁstead be
formed in plate 74, or in both plates, and further that
the shape of the grooves is not limited to a "V" cross-
section. Nevertheless, in the preferred embodiment only
one of the plates has grooves therein, and these are V-

35 shaped having an interior angle of about 60°. In this
manner, when a fiber is placed in one of the grooves and
clamped by surface 80 of plate 74, the points of contact



3 Another problen1mnth several of the foregoing splic- ing devices is that

t hey use to clanp the fibers. There are several
di sadvant a of ‘rigid substrates. First of all, it is generally
nore diffi ooves in arigid material, such as by etching. °

grinding or erosion, which increases nanufac;urlng cost. Rigid substrates
must al so be handl ed nore care-

between element 18 and the fiber generally form an
equilateral triangle which minimizes transverse offset
and thus reduces signal loss in the splice.

Plate 74 is further distinguished from plate 76

5 in that plate 74 has extensions or porches 84 which also
have grooves 86 therein, although grooves 86 do not
extend the full length of plate 74. Grooves 86 are also
wider than V-grooves 82 since it is intended that the
portion of the fibers lying on porches 84 will still have

10 their buffer coating, but this coating is stripped from
the fiber ends which are clamped between plate 74 and V-
grooves 82 (i.e., the buffered portions of the fiber have
a larger diameter than the exposed portions). Grooves 86
are further recessed in surface 80, and are adjacent to

15 ramps 88 leading up to surface 80, as more clearly seen
in Figure 4. Ramps 88 eliminate microbending (which
causes further signal loss) which would result if the
buffered portion of the fiber and the exposed portion
were to lie in the same plane. In other Qords, the

20 transition from buffered fiber to exposed fiber occurs
proximate ramps 88. Accordingly, the height of ramps 88
is approximately equal to the thickness of the buffer
surrounding the fiber. Ramps 88 may be formed in porch
areas 84 although they are preferably formed in plate 74

25 whereby they lie under plate 76 when the plates are’

| folded together. Recesses (not shown) may optionally be
provided in extensions 36 and 38, under porches 84, to
allow the porches to be flexed slightly downward, which
further facilitates insertion of the fibers into splice

30 element 18 and reduces potential skiving aléﬁg grooves
86.

The number of V-grooves 82 and 86 in splice
element 18 is variable, depending upon the desired
application. Grooves 86 should be aligned with V-grooves

35 82 when splice element 18 is folded, to insure proper
positioning of the fibers during the clamping operation.
Thus, while registration of plates 74 and 76 is not as



full'y since they are brittle and thus easily damaged. it SHeBRAL I he
use of a rigid substrate having grooves the?ein rgsultgb?$sm£mﬂgﬁ ke d

~of the fiber pairs (as well as unnecessary fiber deforma'ﬁlmagﬂmg n to
hi gher insertion | oss. These problens are com pounded

configurations such as those shown in U S. Pat. Nos. 3,864,018, 4,046, 454

and 4,865,413. These difficulties may be av®?ded by the use of a substrate

which is nall eable,, el astoneric or ductile. Unpf
of such materi Seitical as w{th_some prior arg 8%&222t82¥ic28 é?keethe use

there are no V-grooves on plate 74 which directly oppose
V-grooves 82) it is still beneficial to use the
aforementioned focus hinge in order to optimize the

5 alignment of grooves 82 and 86.

In the stamping process which creates splice
element 18, stop pads 90 are also advantageously formed
on both plates 74 and 76 at the corners of the rectangle
defined by the overlap of the plates. These pads are

10 slightly raised with respect to the otherwise flat inside
surface 80 of element 18. In this manner, when element
18 is folded as in Figure 1, stop pads 90 provide a
clearance space between plates 74 and 76, facilitating
insertion of the fibers therebetween. Alternative

15 methods of providing such a clearance space will become

~apparent to those skilled in the art. More importantly,

however, stop pads 90 insure that, when element.18 is
actuated and clamps the fibers, the maximum clamping
force is exerted only along the central width of element

20 18, and the clamping force gradually decreases moving
from the center toward the ends of element 18. This
gradual clamping transition has been found to
'significantly reduce signal loss resulting from the
deformation of the fibers, i.e., prior art splice devices

25 exhibited an abrupt clamping deformation which induced
higher losses.

Assembly and operation of splice 10 are both
straightforward and may best be understood with reference
to Figure 5. Splice element 18 is placed in slot 26 in a

30 folded staﬁe; in this state, clearance is séiil provided
by stop pads 90 to allow insertion of the fibers, so this
may be considered an open state, as opposed to the
closed, clamping state. An index matching gel is
preferably deposited near the center of element 18. _

35 Wedge 22 is then placed adjacent tongue 24; and jacket 14
is snapped into cap 16, whereupon wedge 22 becomes
disposed against another ramp 92 formed in the lower
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4. 046, 454y, rigid V- grooves may be lined with a ductile
naterlal at es the manufacturing process. however. and adds
S|gn|f|ca ““ﬂ Pat. No. 4.102,561. the splice device utilizes
two align ers forned of a reS|I|en materi al which may deform

agai nst the fiber surfaces. That splice, h ver, requires the attachment
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' generally parallel w1th plates 74 and 76, while the lower
surface of wedge 22 is parallel with ramp 92. Tongue 24
is further supported at its distal end by a shelf 94
5 formed in the lower portion of jacket 14, above ramp 92.
End covers 40 and 42 may be attached to extensions 36 and
38 at any time in the assembly process (although they are
not snapped into the closed position until after the
fibers have been spliced). All of the foregoing steps
10 take place in the factory, and splice 10 is provided to
the user in the state shown in Figure 1 (less the fiber
ribbon).
When the user has located the fibers to be
spliced, they should be stripped and cleaved according to
15 well-known methods. In this regard, splice 10 may be
used to splice the fiber ribbons 96a and 96b shown in
Figure 1, or may be used to splice a plurality of
individual, discrete fibers. Such discrete fibers may be
more conveniently handled by first arranging them side-
20 by-side and applying a piece of tape or other means to
effectively create a fiber ribbon. If fiber ribbon is
being spliced, the outer coating which surrounds the
individual buffered fibers should also be removed.
Once the fibers or ribbons have been inserted
25 into body 12, splice 10 may be actuated by longitudihally
sliding wedge 22 toward jacket 14. In this regard, the
term "longitudinal" refers to movement parallel with the
fibers and grooves 82. The sliding action may be
accomplished by simply using a screwdriver or other tool
30 to push wedge 22 forward. The screwdriver méy be applied
to the cutout 98 formed in wedge 22. As wedge 22 moves
forward onto ramp 92, it causes tongue 24 to press
against the outer surface of plate 74, clamping the
fibers between plates 74 and 76. The width of tongue 24
35 is approximately equal to the width of plates 74 and 76.
As discussed above, the clamping forces gradually
decreases towards the ends of splice element 18 due to



cl anps and bolts, making the device very difficult to he field ™
(simlar problens apply to the device illus- trated in elmxd
4.045.121). The primary clanmp- ing action directly at t ace
al so causes deformation of .the fiber resulting in nore n i f
there were a nore gradual clanping toward tQﬁ I nterface. This problen1a|so
applies to other splice de- signs. such as]t at depicted in European Patent
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appllcatlon of cla forces to
. leng hs of wedge 22 and tongue 24 shorter than the length
of plates 74 and 76 so that the clamping force is applied
primarily at the center of splice element 18, and not at
§ its ends. 1In the preferred embodiment, the length of
that portion of wedge 22 contactinq tongue 24 is about
one-half the length of plate 76. The use of tongue 24
also prevents undue deformation of plate 74 which might
otherwise occur if wedge 22 were to contact splice
10 element 18 directly. Wedge 22 provides excellent
mechanical advantages, including high transmission of
forces, and the uniform application of force parallel to
plates 74 and 76. Also, due to the coefficient of
friction of the materials used for jacket 14, wedge 22
15 and tongue 24, actuation means 20 (i.e., wedge 22) is
self-locking, provided it has an angle of less than about
9°, The preferred angle is about 5°. Simplicity in the
use of splice 10 is evident from a summary of the above
steps: stripping and cleaving the fibers; inserting thenm
20 into body 12, and sliding wedge 22 forward. A double
wedge (not shown) may be used in lieu of single wedge 22.
| After the splice is completed, end covers 40
and 42 may be moved to the closed, latched position to
provide environmental sealing and protect the exposed
25 fibers. 1In this regard, legs 100 of the end covers,
which rest on stage areas 102 of porches 84, hélp keep
the fiber ribbon aligned with splice body 12, i.e., they
oppose sideways bending of the ribbon proximate the
entrance to slot 26. Legs 100 also provide additional
30 sealing of slot 26 since they are positioned ‘at the sides
thereof. Although not designed for disconnection and
reconnection, splice 10 may allow removal of fibers by
simply opening end covers 40 and sliding wedge 22
backward.

hn

35 Several different materials may be used in the
construction of splice 10. Splice element 18 may be
constructed from a variety of ductile metals, such as



fibers. It is al so | nportant to ensure that insertion | oss and fi ber

retention msahéwﬂasznduéiﬁ\i‘i@ affected by tem perature cycling, particularly

in view of year life of a splice. ‘4 One remai ni ng concern
is the pote |bers to skive or scrape the splice elenent’
material as
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soft aluminum. The preferred metal is an aluminum alloy
conventionally known as "3003," having a temper of 0 and
a hardness on the Brinnell scale (BHN) of between 23 and
32. Another acceptable alloy is referred to as "1100,"

5 and has a temper of 0, H14 or H15. Acceptable tensile
strengths vary from 35 to 115 megapascals.

Other metals and alloys, or laminates thereof,
may be used in the construction of splice element 18.
Such metals include copper, tin, zinc, lead, indium, gold

10 and.alloys thereof. It may be desirable to provide a
transparent splicing element to facilitate the splicing
operatioh. In such a case, a clear polymeric material
may be used. Suitable polymers include polyethylene
terephthalate, polyethylene terephthalate glycol,

15 acetate, polycarbonate, polyethersulfone,
polyetheretherketone, polyetherimide, polyvinylidene
fluoride, polysulfone, and copolyesters such as Vivak (a
trademark of Sheffield Plastics, Inc., of Sheffield,
Massachusetts). .

20 As an alternative to pfovidinq a splice element
constructed of a deformable material, it may instead be
formed of a more rigid material provided that V-grooves
82 and/or surface 80 are lined with a deformable
material. The primary requisite is to provide a material

25 which is softer than the qiass comprising the opticdl
fiber and cladding, and which is ductile under the
clamping pressures applied to the optical fiber. It is
also desirable that the material be elastic at low stress
levels to afford sufficient elasticity to maintain a

30 continual compressive force on the optical fibers once
plates 74 and 76 have been brought together.

Furthermore, a coating may be applied to the
ductile material to reduce skiving of the material as the
fiber is inserted. For example, a diamond-like carbon

35 coating having a thickness in the range of 0.1 to 0.4 pum
may be applied to surface 80 of splice element 18 by
vapor deposition. When element 18 is constructed of the



fibers are inserted into the el enment, resulting in nic}stéopic—paﬁiicles

or flakes which can becone situated between the. fiber I o S
increase insertion loss. In this regard, manufacturers t H ﬂ ice
el ements have recogni zed the benefit of providing an an ong

the fiber-receiving grooves:-in the elenent. For exanple, U S. Pat.
5.121, 456 di scl oses the use of an al uni num&%nent which is anodi zed to
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takes the form of a thin anodized layer. Such a layer
provides a surface which is smooth and slippery, and so
greatly reduces the tendency of a sharp fiber edge to dig

5 in and skive the aluminum, which could also chip the
fiber end face. This invention pfoceeds contrary to
conventional wisdom and is distinguished from the prior
art in that it requires anodization of element 18 prior
to embossing any surfaces features therein. Pre-

10  anodizing was thought to be unfeasible due to the highly
brittle nature of aluminum oxide, which would lead to
facturing of the surface during the embossing of V-
grooves; however, testing has shown that, while the
embossed area of the anodized surface does indeed

15 fracture into many microscopic pieces of irregular shape,
these pieces adhere to or otherwise become embedded in
the softer aluminum substrate, maintaining a protective
skin. There have also been concerns about increased
fiber stress due to the hardness of alumihum oxide, which

20 would add to insertion loss, but studies have shown that
pre-anodizing the element adds only a negligible amount
of stress to fiber, due to yielding of underlying soft
aluminum substrate, at least for anodized layers having a
thickness less than or equal to about 10 um. Also, the

25 skive resistance of the anodized layer is preserved ‘after
embossing.

Use of the pre-anodizing technique has resulted
in improved splice performance, as indicated by empirical
results. Specifically, the yield of suitable splices 10

30 (i.e., those having an insertion loss of 0.2 'dB or less)
increased from 89% to 98%, due to the pre-embossing
anodization. This increase is directly attributable to a
decrease in the skiving of the element material during
fiber insertion and the provision of an anodized surface.

35 Testing has further shown that the thickness of the
anodized layer (prior to embossing) should be in the
range of 2-10 um. Greater thicknesses would require a



rece|V|ng V-grooves, and th n anodi zed. While this process does provide

some reSISHﬂQQQmﬂﬂsﬁﬁm © |t has many di sadvantages. First of all, it
requires Shl raglle finished el enents outside of the
manuf act ur - e anodi zed el sewhere. Secondly, this an- odizing

process is r y conpllcated reqU|r|??_special sol utions and
application of electr|C|ty It is also difffcult to use this batch process
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: strength, due to the hardness of the anodized layer and
consequent decrease in deformation of the V-grooves. A
thickness of about 4 um is deemed optimum with respect to
5 insertion loss and fiber stress.

Besides the resistance to skiving, anodization
imparts several other benefits. Aluminum oxide has
nearly the same index of refraction as glass (1.6-1.7 vs.
1.5) so even if particles get lodged between fibers,

10 there is no significant change in insertion loss. The
aluminum oxides also exhibits excellent adhesion to the
base aluminum material since it is "grown" from the base
material. Color anodizing may further be used to offer
improved element surface contrast for ease of fiber

15 placement on element tray. Finally, with respect to pre-
anodizing, this technique eliminates the need to ship
fragile elements outside the manufacturing plant for
anodization (and to re-ship to the plant for assembly in
the splice package). Instead, pre-anodizea aluminum coil

20 stock may be used, which adds negligible cost to the
finished product. It is also much easier to control the
thickness of the anodized layer when pre-anodized as
strip material.

‘Splice body 12 may be constructed of a variety

25 of materials, basically any durable material and '
preferably one that is injection moldable, although die
cast metals are acceptable. The material should not be
too rigid as it is desirable to allow the inner walls
forming slot 26 to flex slightly to store excess clamping

30 forces from wedge 22 in order to insure constant clamping
force on the fibers during temperature cycling. The
preferred injection moldable material is a 30% glass
reinforced liquid crystal polymer (LCP), such as that
sold under the trademark VECTRA A130 by Hoechst Celanese

35 Corp. of Summit, New Jersey.

Due to the box shape of body 12, however, an
unavoidable knit line forms where the two flow fronts



shlpped back to the manufacturing plant for assembly into the flnlshed
splice package. all the while protecting the crltlcqmmsmmiﬂméﬁmf

scratching. etc. It would, therefore, be desirable an
devi se a high performance splice device for multiple l mhlch
utilizes a splice elenment fornmed of a ductiié%nateria as a
skive-resistant |ayer, but which overcomes e foregoing. I|n1tat|ons 't

woul d al so be b@&?ﬁ ﬁéa&uf- ﬁl\ i@ﬁrﬁoi&imﬁt repgt LR Briodessd! ivtfe 1O
epsure proper nrgrffggeéa# be loaned at dlfferent places, but not
'
removed, and it significantly reduces the strength and
stiffness of jacket 14 as compared to its theoretical
5 properties. During actuation of the splice, this knit
line may yield and reduce the applied clamping force.
This problem is exacerbated during temperature cycling,
and may result in unacceptable loss performance and low
fiber pullout force. 1In order to minimize this effect,
10 and eliminate stress relaxation, it is beneficial to
incorporate a reinforcing member into splice 10, but
without changing the size thereof, since an increase in
the splice size would prevent the splice from fitting
into standard splice organizers. In the present
15 invention, reinforcement is obtained by insert molding a
stainless steel tube 126 within jacket 14, as shown in
Figures 8 and 9. .
Stainless steel tube stock with an oversized
outer diameter and an undersized inner diameter is turned
20 to the desired diameter, cut to length, and chamfered at
both ends using a computer-numerical control (CNC) lathe.
The prepared tube is placed on a support pin, and both
are set in a form die which has the desired outer
profile. 'A.hydraulic press is then used to deform the
25 tube to the desired shape. The deformed tube is then
loaded onto the mold core for jacket 14, and the
tube/core assembly lowered into the jacket mold. After
injecting the LCP, the mold is opened, the jacket and
core removed, and the core is pulled out of the insert
30 molded jacket. o
Use of tube 126 has several advantages.
Annealed stainless steel tubing may easily be pressed to
an oval shape using a simple form die and a hydraulic
press. Alternatively, tubing may be extruded in the
35 deisred shape. Also, the tube forming and insert molding
are not tolerance-critical. The combination of steel
tubing with LCP imparts the desirable properties of steel



cyclfng, to inCTééSé”TtE“éiff¥hess wi t hout increasing the size of the
splice. }QFB&*EW‘ NTI ON The foregoi ng objectives are achi eved

in a deV|ce for pl e optical fibers conprising a splice ele-
ment a body surr

lice elenment, and neans
-17-
(higher modulus of elasticity and strength) to a package
which is very easily molded into an intricate shape.
Finally, greater element clamping force may be developed
and maintained without increasing the size of the splice.
5 This results in improved insertion loss and fiber

retention, particularly during temperature cycling.

The dimensions of splice 10 may vary widely
according to the desired application. The following
(approximate) dimensions, for the preferred embodiment,

10 are exemplary only and should not be construed in a
limiting sense. The overall length of splice 10 is 38
mm, its height 6.7 mm and its width 13 mm. The length of
the main portibn of jacket 14 is 14 mm, while projection
28 is about 7.1 mm long and 9.7 mm wide. Cap 14 is 7.6

15 mm long, and extensions 36 and 38 are each 8.3 mm long.
Wedge 22 has an overall length of 14 mm, but the length
of the portion contacting tongue 24 is 10 mm. The width
of wedge 22 is 6.5 mm, while its maximum.tpickness is 1.5
mm and its minimum thickness is 0.76 mm.

20 With respect to splice element 18, several of
the following approximate dimensions are based on the
size of conventional multiple fiber ribbon cables. The
length of plate 74 (including porches 84) is 28 mm, while
the length of plate 76 is 20 mm. Both plates have a

25 thickness of 530 um, and stop pads 90 rise 18 um abdve
surface 80. V-grooves 82, preferably spaced 250 um
apart, are 130 um deep and have a maximum width of 180
pm. Grooves 86, which are approximately trapezoidal in
the preferred embodiment, also have a maximum width of

30 180 pm, and a minimum width of 120 um, and are 180 pm
deep. Ramp 88 descends 250 um, i.e., the upper surfaces
of grooves 86 are 250 um from surface 80.

Based on the foregoing dimensions, tube 126
should have an outer cross-sectional width of about 5.59

35 mm, an outer cross-sectional length of about 10.2 mm, an
inner cross-sectional width of about 3.95 mm, an outer
cross—~sectional length of about 8.58 mm, an outer radius



for ‘clanping the fibers in the splice el ement. The el is nin_m_“referably
formed of a soft alum num material, and has an anodiz !
created prior to the enmbossing or stanplng of any surf I the

el enent, such as a series of parallel V-grooves. The b rised

of a Jacket portion and a cap portion mhlcg interlock to hold the spllce
el enment. the jacket including a wedge for 8Tuation of the el enent.
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curvature of about 1.98 mm. These dimensions may be
formed from a circular tube having a outer diameter of
about 8.66 mm and an inner diameter of about 7.01 mm.

5 Two alternative embodiments and design
modifications are shown in Figures 6 and 7. Figure 6
illustrates a modified end cover 42’ which may be used on
both jacket extension 36 and cap extension 38. End cover
42’ is used to provide additional environmental sealing,

10 by means of a compartment 104 defined by a wall 106 which
is attached to the inner surface of cover 42’ by a living
hinge 108. As end cover 42’ is closed, wall 106 contacts
extension 38, causing wall 106 to compress a sealant
material, which may include index matching gel, residing

15 in compartment 106. Wall 106 has channels 110 therein
which allow the sealant to escape from compartment 104,
and flow in and around the entrance to slot 26. - A web
112 is preferably integrally formed with wall 106,
extending into compartment 104, which assures that

20  sealant will be directed out of channels 110 when cover
42’ is closed, and also provides resistance against such
closufe to prevent accidental leakage of the sealant.

Figure 7 depicts a stacked splice device 10’
which utilizes a splice element 18’ having two layers of

25 splices. Stacked splice element 18’ may be formed of
three separate elements, but it is preferably constructed
of a single element having two integral hinges, folded
into a Z-shape (accordion-fold); In this manner, the
three sections of the sheet defined by the hinges result

30 in three different plates 114, 115 and 116. ”It is not
necessary that the two splice layers formed thereby be
parallel, but this is preferred to simplify the wedge
actuation. An alternative construction would provide a
single sheet of material having two parallel hinges

35 separated by a small distance, e.g., 50 um, forming the
upper and lower plates,'with a third plate inserted
therebetween. A plug 118 having two sets of orifices 124




splice. for inproved insertion loss and fiber retention during tenperature
cycling. BRI EF DESCRI PTI ON OF THE DRAW NGS The novel features and scope of
the invention are set forth tn the appended clains. The invention itself,
how ever. w |l best be understood by reference to the accom panying
drawi ngs. wherein: FIG 1 is a perspective, view of the nultiple optical

splice device of the present invention: FI¥=2 is an expl oded perspective

vi ew of
of the Spklcgdvantageously used to guide a first set of fibers,

i.e., every other fiber, upwards to the top splice layer,
and the remaining fibers downwards to the bottom splice
layer. Guide plug 118 has grooves 120 formed in a porch

S area 122 thereof, similar to porch 84 of element 18;
grooves 120 help align the fibers with orifices 124. Of
course, the use of an accordion fold and guide plug could
be expanded to splice elements having more than two
splice layers.

10 Although the invention has been described with
reference to specific embodiments, this description is
not meant to be construed in a limiting sense. Various

_ modifications of the disclosed embodiment, as well as
alternative embodiments of the invention, will become

15 apparent to persons skilled in the art upon reference to
the description of the invention. For example, a
multiple fiber splice device may be constructed to allow
separate termination of each fiber set by providing two
actuation wedges, one at each end of splice body 12; this

20 would allow the pretermination of one fiber set in the

' clamped state. It is therefore contemplated that such
modifications can be made without departing from the
spirit or scope of the present invention as defined in
the appended claims.
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devi'ce of the present invention: FIG 3 is a perspective-vi ewof the-splice

el ement used in the nultiple fiber splice device of the ST k4 on,

inits unfol ded state; FIG. 4 is an enlarged sectlonall = B ah one

end of the splice element of FIG 3 show ng the porch ﬂmm Eﬂ 5is a

sectional perspective viewof the fully as?gnbled spli

present invention; FIG 6 is a sectional vation of an alternative end
CLAIMS:

1. A device for sp11c1ng a first plurality of
optical fibers to a second plurality of optical fibers,
the device comprising:

5 a splice body;

splice element means located in said splice
body fof'holding the first and second plurality of
optical. fibers;

actuation means for clamping said splice

10 element means; and
- means for reinforcing said splice body.

2. The device of Claim 1 wherein said
reinforcing means comprises a steel tube located inside
said body. '

15 3. The device of Claim 1 wherein said splice
body includes:

a jacket member having a slot therein for
receiving said splice element; and

a cap member having a recess for recev1ng an

20 end of said jacket member.

4. The device of Claim 1 wherein:

said splice element means includes two plate
members forming opposing surfaces; and

said actuation means comprises wedge means

25 having first and second positions whereby, when said
wedge means is in said first position, the first and
second pluralities of fibers may be inserted between said
opposing surfaces of said splice element means and, when
said wedge means is in said second position, it applies a

30 clamping force to said splice element means, urging said
opposing surfaces together.

5. The device of Claim 2 wherein said body is
formed of an injection moldable material, and said tube
is insert molded inside said body.

35 6. The device of Claim 3 wherein said
reinforcing means comprises a steel tube located inside
said jacket, at least partially surrounding said slot.



covér used with the splice . device of the present inven- tion, having a
conpartnent therein for index matching gel; FIG 7 is a perspective view of
the stacked splice enbodi mrent of the present invention; FIG 8 is an

enl arged transverse sectional view of the splice of the present invention
depicting the reinforcing insert tube: and FIG 9 is a |ongitudinal

sectional view of the jacket portion of fﬁ@’éprice of the present invention
al so de-

7. The device of Claim 4 wherein each plate
member is formed from aluminum, and each said opposing
surface has an anodized layer.

8. The device of Claim 6 wherein said jacket is

5 formed of an injectioh moldable material, and said tube

is insert molded inside said jacket.

—_
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,picfing the insert tube. 6 Wth reference now to the figUTEE“_éﬁd”in”"'
particular with reference to FIG 1. there is depicted thehisBhbdt Hps Bbema&al

fiber splice device 10 of the present invention. Although
"“connector" may be applied to splice 10. that termis usual
9. An element for splicing a first optical

devi ces
-2=-

fiber to a second optical fiber, the element comprising:

a first aluminum plate member;

a second aluminum plate member adjacent said

5 first aluminum plate member, forming a pair of opposing

surfaces, one on each of said plate members, each said
opposing surface having an anodized layer; and

said opposing surface of said first plate
member having a fiber receiving groove therein, said

10 anodized layer being fractured along said fiber receiving
groove.

10. The element of Claim 9 wherein said
opposing surface of said first plate member has a
plurality of fiber receiving grooves, for splicing a

15 first plurality of optical fibers to a second plurality
of optical fibers, said anodized layer of said opposing
surface of said first plate member being fractured along
each of said fiber receiving grooves.

11. The element of Claim 9 whereln said
20 anodized layer has a thickness in the range of 2-10 um.
12. The element of Claim 9 wherein saiad
anodized layer has a thickness of approximately 4 um.
13. The element of Claim 9 wherein said
aluminum has a hardness on the Brinnell scale (BHN) of

25 between 23 and 32. . . E

14. A splice utilizing the element of Claim 9,
the splice further including:

a splice body having a slot therein, said
element located in said slot; and )

30 actuation means for clamping the fibers between
said plate members and urging said opposing surfaces
together.

15. The splice of Claim 14 further comprising
means for reinforcing said splice body.



which are inféﬁdéd"fBbe6Vide easy connection and di sconnection, as opposed

to a spli B t Elas Been | y considered permanent. Neverthel ess, the term
"splice" s nstrued in a limting sense since splice 10 can
i ndeed al | he fibers, as explained further below. Wth

further reference to FIG 2, splice 10 ing%ngs a generally rectangul ar
body 12 which is essentially com prised of"a jacket 14 and a cap 16.

Splice 10 al so includes 3¢l G tHoADY whindbtiGld Y Nel eREhUaEbEN

means 20
splicing a first optical fiber to a second optical fiber,
comprising the steps of:

anodizing a strip of aluminum material;

5 cutting said strip into first and second plate
members, each having an opposing surface;

embossing a fiber receiving groove in said
opposing surface of said first plate member; and

placing said opposing surfaces of said first

10 and second plate members next to each other.

17. The method of Claim 16 wherein saidq
anodizing step creates an anodized layer on each said
opposing surface, said layer having a thickness in the
range of 2-10 um.

15 18. The method of Claim 16 wherein:

said cutting and embossing steps are performed
simultaneously by stamping said first and second plate
members from said strip, and where said stamping step
further creates a fold line forming a hinge which is

20 integral with said first and second plate members; and
said placing step is achieved by folding said
first and second plate members along said fold line.

19. A method of manufacturing a splice using
the element formed in Claim 16, comprising the further

25 steps of: .. K
_ locating a splice body having a slot therein,
and having actuation means for clamping the fibers
between said plate members and urging said opposing
surfaces together; and )

30 inserting said element into said slot.

20. The method of Claim 19 further comprising
the step of insert molding a reinforcing tube in said

splice body, said tube at least partially surrounding
said slot.

I



for ‘applying pressure to splice elenent 18. In the pre- ferred enbodi ment,
actuati on neans 20 conprises a wedge 22 having surfaces defining an acute
angl e, which is captured between jacket 14 and cap 16. A tongue 24, which
is integrally nolded with cap 16, is advantageously interposed between
wedge 22 and splice el enent- 18 as dlscussquéurther bel ow. Jacket 14 has a
| ongi tudi nal slot 26, rectangular in cross ction and extendi ng through

jacket 14, for receiving a Spl'ﬁl El eErE 5:51 iﬂé ﬁG |§ slightly shorter
than splice el enent
A device for splicing multiple optical fibers
includes a novel splice element having two plates formed
from a sheet of aluminum material, there being a fold
5 1line in the sheet forming a hinge, the two plates being
folded toward one another to define opposing surfaces.
One of the opposing surfaces has several fiber receiving
grooves therein, parallel with the fold line. The
aluminum is anodized prior to embossing the fiber
10 receiving grooves. The element is inserted into the slot
of a splice body formed of an injection moldable
material. The splice body may be reinforced by insert
molding a steel tube therein, surrounding the slot.

Sheet Has Been RTIIaced
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18, allow ng both ends of elenment 18 to extend beyond the ends of slot 26.
‘Jacket 14 also has an integrally nolded nmale coupling el enent or projection
28 which fits within a cavity 30 fornmed in cap 16. Projection 28 has two
transverse bunps 32 which snap into recesses 34 of cap 16. providing a snug
fit between jacket 14 and cap 16.

This Sheet Has Been Reilaced
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Jacket 14 and cap 16 each have extensions 36 and 38, respectively; which
recei ve—end covers 40 and 42, re- spectively. Extensions 36 and 38 have
recessed surfaces which support the fibers at the entrance to slot 26. End

‘covers 4(ThigSheetiHas; laged ot ection to the spliced fibers and splice el enent
18 agai nst i nfl uences. End.covers 40 and 42 are attached to
ext ensi ons the jacket and cap. respectively, by any conve-

ni ent nmeans, such as arcuate jaws 44 which snap onto and rotatably grip
trunni ons 46. The side edges 48 of




ext ensions 36 and 38 are rounded to allow end covers 40 and 42 to rotate on
trunni ons 46. End covers 40 and 42 al so include hooks forning | atches 50
whi ch ThiS Skeet Hik Becd Repif2ef 52 i N extensions 36 and 38 and securely nmain- tain
the en i ghtly cl osed posi-tion. Jacket 14 and cap 16 define
many o mﬂmu IE faces which inpart additional environnental scaling
and furt eparation of these two conponents of body 12 by, e. 42
bendi ng of body 12. For exanpk&, projection 28 has a | ower tier 544Mick
sl i des under a 1

28
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canopy 56 fornmed on cap 16. Cap 16 al so includes bosses 59 which fit into
recesses (not visible in the Fig- ures) in the correspondi ng face of jacket
14. Projection 28 and cap 16 further have inclined surfaces 60 and 62 which
result in a greater contact surface area and nmake it nore difficult to pop
j acket 14 and cap 16 apart by bending themnear their interface. Turning
now to FIGS. 3 and 4. splice elenent 18 is described in further detail.
Splice elenment 18 nay be forned froma sheet of defornable materia

preferably
10
N 126 I
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a ductile netal such as alum num although polyneric materials may al so be
used. Material selection is de- scribed further below. Certain features are
enbossed, coi ned, stanped, nolded or mlled into el ement 18. First of

all, a groove 70 is fornmed on the outside surface 72 of elenent 18. G oove

70 forms an area of reduced thickness to dekine a begd |ine or hinge. and
separ at es ©

This Sheet Has Been Re,ilaced
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elefent 18 into two legs or plates 74 and 16 having essentially the sane

wi dth. The hinge is preferably forned by additionally enbossing a notch 78,
opposite groove 70, on the inside surface 80 of element. This creates a
"focus hinge" which provides nore accurate registration of plates 74 and 76
when they are fol ded together, as explained further below A slot 81 may

al so be punched out of elenent 18 by renoving a portion of the hinge, which
allows the elenents to nore easily be flexed to the actuated position.

. _/ ———————
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I n one enbodi nent of the present invention, plate 76 has a series of

V- shaped--grooves 82 enbossed on the inside surface 80 of el enent 18.
V-grooves 82 are, ted al ly parallel with groove 70. Those skilled in the
cart wiThs | at the V-grooves may instead be fornmed in plate 74,
or inb mmﬁ further that the shape of the grooves is not limted
toa"V' . Never- theless, in the preferred enbodi ment onlgp

one of the plates has grooves therein, and these are V-shaped hav-—rRg_An
interior angle of about 60". 10n this manner, when

A A
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a fiber is pl aced in one of the grooves and cl anped by surface 80 of plate
74. the points of contact between elenent 18 and the fiber generally form
an equil ateral triangle which mnimzes transverse offset and thus reduces

signal loss in the splice. = 9 Plate 74 is further distinguished from
plate 76 in that
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This application is a continuation-in-part of
5 copending U.S. Patent Application Serial No. 07/753 333,
filed September 6, 1991.
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Background of the Invention ”“II“ ||||“ “l ||||i
1. Field of the Invention
10 ' The present invention generally relates to

devices for optically connecting the ends of waveguides
such as optical fibers, and more particularly to an
article which splices a plurality of pairs of such
optical fibers, the article including an insert molded

15 splice body and an aluminum splice element which is

anodized prior to embossing certain features thereon.
2. Description of the Prior Art
Splice devices for optical fibers are known in
the art, but there is still a need for é“quick and

20 reliable method of splicing a plurality of fibers in a
high density environment. Prior to the introduction of
splice devices which join a plurality of optical fibers
in a single splice body (discussed further below), this
was accomplished by utilizing a plurality of single fiber

25 (discrete) splice devices. This approach was very time
consuming, however, and further resulted ih a large
volume of splice bodies which crowd junction boxes, or
require specialized splice trays to keep the fibers
organized.

30 Several systems have been devised to address
the problem of multiple fiber splicing. One technique,
mass fusion welding, requires that each fiber be placed
in a groove of a rigid substrate having several such
grooves. Best fit averaging is used to align the fiber

35 pairs and an electric arc is created, meltihg the fiber
tips and permanently fusing them together. The primary,
and very significant, limitation of fusion splicing is

This is the replacement sheet
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88 Ieadlng up to surface 80. as nore clearly seen in FIG 4 Ra s

el i m nate m crobendi ng (which causes further signal Ioss)

result if the buffered portion of the fiber and the expose

lie in the same plane. In other words. the transition from

to exposed fiber occurs proximte ranps 88~24ccordingly, the helght of
ranps 88 is approxi- mately equal to the thickness of the buffer

flﬁrroundi ng ]'Ehe:rfjei tqz::eaﬁ?aém‘_jer%ermﬂ tige f piisboh i we s, arfed oty walldioaggh
€y are pre eﬂP‘ Q& (N{g%klrl é&%fﬁg? and precludes later fiber removal

or repositioning.
Another common multiple splicing technique
5 requires the use of adhesives, again with a substrate or
tray that has a plurality of grooves therein. For
example, in U.S. Patent No. 4,028,162, a plurality of
fibers are first aligned on a plastic substrate having
fiber aligning grooves, and then a cover plate is applied
10 over the fibers and the substrate, the cover plate having
means to chemically adhere to the fiber and substrate.
Adhesives are also used in the optical fiber splice
devices disclosed-in U.S. Patent No. 4,029,390 and
Japanese Patent Application (Kokai) No. 58-158621. The
15 use of adhesives is generally undesirable since it adds
another step to the splicing process, and may introduce
contaminants to the fiber interfaces. Splice devices
using adhesives also require extensive polishing of the
fiber end faces to achieve acceptable light transmission,
20 and some adhesive splices further require the use of a
vacuum unit to remove trapped air.
The ‘390 patent represents an improvement over
earlier multiple splice devices in that it utilizes a
_ foldable holder having a series of V-grooves on both
25 sides of a central hinge region. The method of attdching
the fibers to the holder, however, presenfé additional
problems not present in earlier splices. First of all,
since adhesive is used to affix the fibers to the holder
before splicing, the cleaving of the fibers becomes a
30 critical step since the cleave length must be exact to
avoid any offset of the fiber end faces, which would be
extremely detrimental to splice performance. Secondly,
it is critical that the opposing V-grooves be exactly
aligned, which is unlikely with the hinge depicted in the
35 7390 patent; otherwise, there will be transverse fiber
offset resulting in increased signal loss. Finally, the
1390 holder would not maintain the opposing plates
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mhe?eby they™Tie under plate 76 when the plates are fol ded together.
Recesses ( nofysSdiy géemsg’@yk Rtdgonal |y be provided in extensions 36 and 38,

under porches he porches to be flexed slightly downward,
whi ch furt her(mmnum dﬁ &
and reduces p

sertion of the fibers into splice elenment 18
g along grooves_ 86. The number of V-grooves 82
and 86 in splice elenent 18 is variable, depending upon the desired
application. GovasH8f, AU A PE, AN AAE%G I 1L a5 HLPVES SFadPelo
optimize transverse alignment of the fiber pairs, and
also affects fiber deformation.
Another problem with several of the foregoing
5 sp11c1ng devices is that they used rigid substrates to
clamp the fibers. There are several disadvantages to the
use of rigid substrates. First of all, it is generally
more difficult to form grooves in a rigid material, such
as by etching, grinding or erosion, which increases
10 manufacturing cost. Rigid substrates must also be
handled more carefully since they are brittle and thus
easily damaged. Most importantly, the use of a rigid
substrate having grooves therein results in poor

alignment of the fiber pairs (as well as unnecessary

15 fiber deformation), leading to higher insertion loss.
These problems are compounded in stacked configurations
such as those shown in U.S. Patent Nos. 3,864,018,
4,046,454 and 4,865,413. .

These difficulties may be avoided by the use of

20 a substrate which is malleable, elastomeric or ductile.
Unfortunately, however, the use of such materials has not
been fully appreciated nor implemented. For example,
U.S. Patent No. 4,046,454 teaches that the rigid V-
grooves may be lined with a ductile material. This

25 complicates the manufacturing process, however, arid‘adds
significant cost. In U.S. Patent No. 4,102,561, the
splice device utilizes two alignment members formed of a
resilient material which may deform against the fiber
surfaces. That splice, however, requires the attachment

30 of two subassemblies prior to insertion of the fibers
into the alignment members, and further uses about a
dozen clamps and bolts, making the device very difficult
to use in the field (similar problems apply to the device
illustrated in U.S. Patent No. 4,045,121). The primary

35 clamping action directly at the fiber interface also
causes deformation of the fiber resulting in more signal
loss than if there were a more gradual clamping toward
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spllce el enent ™ 18 |s folded 0 insure proper positioning of the fibers

during the chﬁmnm . Thus, while registration of plates 74 and 76
is not as crlt me prior art splice devices (since there are
no V- grooves ch directly oppose V-grooves 82) it is stil
beneficial to e aforenentloned focus,hinge in order to optimze the

al i gnnent of grooves 82 and 86.
the interface. This problem also applies to other splice
designs, such as that depicted in European Patent
Application No. 88303777.2, which further suffers from
the non-uniform application of clamping forces to
5 different fibers. It is also important to ensure that
insertion loss and fiber retention are not adversely
affected by temperature cycling, particularly in view of
the desired 30 year life of a splice.
One remaining concern is the potential for the
10 fibers to skive or scrape the splice element material as
the fibers are inserted into the element, resulting in
microscopic particles or flakes which can become situated
between the fiber end faces and thus increase insertion
loss. In this regard, manufacturers of aluminum splice
15 elements have recognized the benefit of providing an
anodized layer along the fiber-receiving grooves in the
element. For example, U.S. Patent No. 5,121,456
discloses the use of an aluminum element which is
anodized to provide resistance to chipping and gouging.
20 The element is first embossed or stamped to create the
fiber-receiving V-grooves, and then anodized. While this
process does provide some resistance to skiving, it has
many disadvantages. First of all, it requires shipment
of the fragile, finished elements outside of the
25 manufacturing plant, to be anodized elsewhere. Sécbndly,
this anodizing process is relatively complicated,
requiring special solutions and application of
eleciricity. It is also difficult to use this batch
process to create elements having an anodized layer of
30 uniform or controlled thickness. Finally,.the anodized
elements must be shipped back to the manufacturing plant
for assembly into the finished splice package, all the
while protecting the critical surfaces from scratching,
etc. _
35 : It would, therefore, be desirable and
advantageous to devise a high performance splice device
for multiple optical fibers which utilizes a splice
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10 1n the stanpi ng process which creates splice el enent 13 0 ag R od
are al so advantageously formed on both plates 74 and 76 at Ehghes ilEeueﬂHe o

the rectangl e defined by the overlap of the plates. These p
raised with respect to the otherwise flat inside surface 80
In this manner, when elenment 18 is folded as in FIG 1. stop pads 90
provi de a cl earance space between plates 72 and 76. facilitating insertion
of element formed of a ductile material, and has a skive-
resistant layer, but which overcomes the foregoing
limitations. It would also be beneficial to include
means for stréngthening the splice to ensure proper

5 performance during temperature cycling, to increase its
stiffness without increasing the size of the splice.

Summary of the Invention
. 10 The foregoing objectives are achieved in a
device for splicing multiple optical fibers comprising a
splice element, a body surrounding the splice element,
and means for clamping the fibers in the splice element.
The element is preferably formed of a soft aluminum
15 material, and has an anodized layer which is created
prior to the embossing or stamping of any surface
features on the element, such as a series of parallel V-
grooves. The body may be comprised of a jacket portion
and a cap portion which interlock to hold the splice
20 element, the jacket including a wedge for actuation of
the element. A reinforcing tube may be insert molded
into the body to increase its strength, without
increasing the size of the splice, for improved insertion
loss and fiber retention during temperature cycling.
25 | y -
Brief Description of the Drawings
The novel features and scope of the invention
are set forth in the appended claims. The invention
itself, however, will best be understood by reference to
30 the accompanying drawings, wherein: I
Figure 1 is a perspective view of the multiple
optical splice device of the present invention;
Figure 2 is an exploded perspective view of the
splice device of the present invention;
35 Figure 3 is a perspective view of the splice
element used in the multiple fiber splice device of the
present invention, in its unfolded state;
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the fibers therebetween. Alternative nethods of provid- ‘irng such a~ ~ —~
cl ear.ance space wll becone apparent to those skilled in theqardty. ML Replaced
i mportantly, however, stop pads 90 insure that, when el ene ed
and clanps the fibers, the maxi mumclanping force is exert;‘ MHHM he
central width of elenent 18, and the clanpé$g'force gr adual
moving fromthe center toward the ends of @ ement 18. This gradual cl anping
transition has been found, i gni, ficant re- .duce,siagnal | [ L.ting
fromthe deformation of ﬁégrg 5! G4 eanrged sectloﬂaf peggﬁecgige

of one end of the splice element of Figure 3 showing the
porch and ramp;

Figure 5 is a sectional perspective view of the
S fully assembled splice device of the present invention;

Figure 6 is a sectional elevation of an
alternative end cover used with the splice device of the
present invention, having a compartment therein for index
matching gel;

10 Figure 7 is a perspective view of the stacked
splice embodiment of the present invention;

Figure 8 is an enlarged transverse sectional
view of the splice of the present invention depicting the
reinforcing insert tube; and ‘

15 Figure 9 is a longitudinal sectional view of
the jacket portion of the splice of the present invention
also depicting the insert tube.

Description of the Preferred Embodiment

20 With reference now to the figures, and in
particular with reference to Figure 1, there is depicted
the multiple optical fiber splice device 10 of the
present invention. Although the term "connector" may be
applied to splice 10, that term is usually reserved for

25 devices which are intended to provide easy connectidn and
disconnection, as opposed to a splice which is usually
considered permanent. Nevertheless, the term "splice"
should not be construed in a limiting sense since splice
10 can indeed allow removal of the fibers, as explained

30 further below.

With further reference to Figure 2, splice 10
includes a generally rectangular body 12 which is
essentially comprised of a jacket 14 and a cap 16.
Splice 10 also includes a splice element 18 and

35 longitudinal actuation means 20 for applying pressure to
splice element 18. In the preferred embodiment,
actuation means 20 comprises a wedge 22 having surfaces
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fibers, i.e., prior art splice devices exhibited an abrupt cianping

def ormati on whi ch i nduced hi gher | osses. Assenbly and oper Tiis Shaet &las Bash ced
10 are both straight- forward and may best be understood wt

FIG 5. Splice elenent 18 is placed in slot 26 in a fol ded |
state, clearance is still provided by stop pads 90 to allow insertion of

the fibers, so this nay be considered an op state, as opposed to the

cl osed, cl anmpi state. An index nmatchin el is preferably deposited near
the center g? g%éﬁBﬁPglgp PEHGE 2pgle, W ith is daptured Betwben %aCRQt

14 and cap 16. A tongue 24, which is integrally molded
with cap 16, is advantageously interposed between wedge
22 and splice element 18 as discussed further below.

5 Jacket 14 has a longitudinal slot 26, rectangular in
cross-section and extending through jacket 14, for
receiving a splice element 18; slot 26 is slightly
shorter than splice element 18, allowing both ends of
element 18 to extend beyond the ends of slot 26. Jacket

10 14 also has an integrally molded male coupling element or
projection 28 which fits within a cavity 30 formed in cap
16. Projection 28 has two transverse bumps 32 which snap
into recesses 34 of cap 16, providing a snug fit between
jacket 14 and cap 16.

15 Jacket 14 and cap 16 each have extensions 36
and 38, respectively, which receive end covers 40 and 42,
respectively. Extensions 36 and 38 have recessed
surfaces which support the fibers at the entrance to slot
26. End covers 40 and 42 impart protection to the

20 spliced fibers and splice element 18 against
environmental influences. End covers 40 and 42 are
attached to extensions 36 and 38 of the jacket and cap,
respectively, by any convenieng means, such as arcuate
jaws 44 which snap onto and rotatably grip trunnions 4s.

25 The side edges 48 of extensions 36 and 38 are rounded to
allow end covers 40 and 42 to rotate on trunnions 46.

End covers 40 and 42 also include hooks forming latches
50 which snap into notches 52 in extensions 36 and 38 and
securely maintain the end covers in a tightly closed

30 position. e

Jacket 14 and cap 16 define many overlapping
surfaces which impart additional environmental sealing
and further inhibit separation of these two components of
body 12 by, e.g., bending of body 12. For example,

35 projection 28 has a lower tier 54 which slides under a
canopy 56 formed on cap 16. Cap 16 also includes bosses
58 which'fit into recesses (not visible in the Figures)
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t hen pl aced adj acent tongue 24, and jacket 14 is snapped into cap 16, "
wher eupon wedge 22 becones di sposed agai nst another ra W EeenRThced

| ower portion of jacket 14. The upper surface of wedge 22|

parallel with plates 74 and 76, while the | ower surface of

parallel with ranp 92. Tongue 24 is furtheg_supported at its distal end Dy
a shelf 94 forned in the | ower portion of jacket 14, above ranmp 92. End

covers 40 andi#2 they dorradpsiiEthd Ofaedéeaﬁl 9a6k3e aud 3Bratjedtion B8 i n the
assenbly proces% galtqpu%mréhé@ehave inclined surfaces 60 and 62 whlch
result in a greater contact surface area and make it more
difficult to pop jacket 14 and cap 16 apart by bending
5 them near their interface. '

Turning now to Figures 3 and 4, sﬁlice element .
18 is described in further detail. Splice element 18 may
be formed from a sheet of deformable material, preferably
a ductile metal such as aluminum, although polymeric

10 materials may also be used. Material selection is
described further below. Certain features are embossed,
coined, stamped, molded or milled into element 18. PFirst
of all, a groove 70 is formed on the outside surface 72
of element 18. Groove 70 forms an area of reduced

15 thickness to define a bend line or hinge, and separates
element 18 into two'legs or plates 74 and 76 having
essentially the same width. The hinge is preferably
formed by additionally embossing a notch 78, opposite
groove 70, on the inside surface 80 of element. This

20 creates a "focus hinge" which provides more accurate
registration of plates 74 and 76 when they are folded
together, as explained further below. A slot 81 may also
be punched out of element 18 by removing a portion of the
hinge, which allows the elements to more easily be flexed

25 to the actuated position. .. "

In one embodiment of the present invention,
plate 76 has a series of V-shaped grooves 82 embossed on
the inside surface 80 of element 18. V-grooves 82 are
generally parallel with groove 70. Those skilled in the

30 art will appreciate that the V-grooves may instead be
formed in plate 74, or in both plates, and further that
the shape of the grooves is not limited to a "V" cross-
section. Nevertheless, in the preferred embodiment only
one of the plates has grooves therein, and these are V-

35 shaped having an interior angle of about 60°. In this
manner, when a fiber is placed in one of the grooves and.
clamped by surface 80 of plate 74, the points of contact
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snaeped into the closed position until after the fibers have been spliced).

Al of the foregoing steps take place in the factory &mk ldcSq
provided to the user in the state shown in FIG 1 (Ies r bon)
When the user has located the fibers to be spliced, rlpped
and cl eaved according to well- known nethggg. In thIS regar

be used to

between element 18 and the fiber generally form an
equilateral triangle which minimizes transverse offset
and thus reduces signal loss in the splice.

Plate 74 is further distinguished from plate 76

5 in that plate 74 has extensions or porches 84 which also
have grooves 86 therein, although grooves 86 do not
extend the full length of plate 74. Grooves 86 are also
wider than V-grooves 82 since it is intended that the
portion of the fibers lying on porches 84 will still have

10 their buffer coating, but this coating is stripped from
the fiber ends which are clamped between plate 74 and V-
grooves 82 (i.e., the buffered portions of the fiber have
a larger diameter than the exposed portions). Grooves 86
are further recessed in surface 80, and are adjacent to

15 ramps 88 leading up to surface 80, as more clearly seen
in Pigure 4. Ramps 88 eliminate microbending (which
causes further signal loss) which would result if the
buffered portion of the fiber and the exposed portion
were to lie in the same plane. In other words, the

20 transition from buffered fiber to exposed fiber occurs
proximate ramps 88. Accordingly, the height of ramps 88
is approximately equal to the thickness of the buffer
surrounding the fiber. Ramps 88 may be formed in porch
areas 84 although they are preferably formed in plate 74

25 whereby they lie under plate 76 when the plates are’
folded together. Recesses (not shown) may optionally be
provided in extensions 36 and 38, under porches 84, to
allow the porches to be flexed slightly downward, which
further facilitates insertion of the fibers into splice

30 element 18 and reduces potential skiving aldﬁg grooves
86. _

The number of V-grooves 82 and 86 in splice
element 18 is variable, depending upon the desired
application. Grooves 86 should be aligned with V-grooves

35 82 when splice element 18 is folded, to insure proper
positioning of the fibers during the clamping operation.
Thus, while registration of plates 74 and 76 is not as
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splice the fiber ribbons 96a and 96b shown in FIG 1;--or may be uséd to

splice a plurality of individual, discrete fibers. Suc .' i el RPRER NMBY
be nore conveniently handl ed by first arrangi ng them si

apply- ing a piece of tape or other neans to effectivel %w m

ri bbon. 1If fiber ribbon is being spliced, the outer coat ounds

the individual buffered fibers shoul d alséobe renoved. Once the fibers or

oo o oar) PR AU Sone briSr 3BY Sp110e Rhvited” (3hee »

there are no V-grooves on plate 74 which directly oppose
V-grooves 82) it is still beneficial to use the
aforementioned focus hinge in order to optimize the

5 alignment of grooves 82 and 86. |

In the stamping process which creates splice

element 18, stop pads 90 are also advantageously formed
on both plates 74 and 76 at the corners of the rectangle
defined by the overlap of the plates. These pads are

10 slightly raised with respect to the otherwise flat inside
surface 80 of element 18. In this manner, when element
18 is folded as in Figure 1, stop pads 90 provide a
clearance space between plates 74 and 76, facilitating
insertion of the fibers therebetween. Alternative

15 methods of providing such a clearance space will become
apparent to those skilled in the art. More importantly,
however, stop pads 90 insure that, when element.18 is
actuated and clamps the fibers, the maximum clamping
force is exerted only along the central width of element

20 18, and the clamping force gradually decreases moving
from the center toward the ends of element 18. This
gradual clamping transition has been found to
significantly reduce signal loss resulting from the
deformation of the fibers, i.e., prior art splice devices

25 exhibited an abrupt clamping deformation which induced
higher losses. _

_ Assembly and operation of splice 10 are both
straightforward and may best be understood with reference
to Figure 5. Splice element 18 is placed in slot 26 in a

30 folded state; in this state, clearance is st111 provided
by stop pads 90 to allow insertion of the fibers, so this
may be considered an open state, as opposed to the
closed, clamping state. An index matching gel is
preferably deposited near the center'of element 18.

35 Wedge 22 is then placed adjacent tongque 24; and jacket 14
is snapped into cap 16, whereupon wedge 22 becomes
disposed against another ramp 92 formed in the lower
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sliding wedge 22 toward jacket 14. In this regard, the tern1"|ong|tud|nal"
refers to novenent parallel with the fibers and groovesThsSheelHss Bep &Ei

action may be acconplished by sinply using a screwdriver

push wedge 22 forward. The screwdriver may be applied toL

formed in wedge 22. As wedge 22 noves forwgyd onto ranp , 1t causes
tongue 24 to press against the outer surface of plate 74, clanp- ing the

fibers betwee he t t 4
bl o the %ﬁtﬁicﬁ% c7t4 d6-14he Phetippért saBpsceoESwangeozkndikel y

generall parallel with plates 74 and 76, while the lower
surface of wedge 22 is parallel with ramp 92. Tongue 24
is further supported at its diétal end by a shelf 94

5 formed in the lower portion of jacket 14, above ramp 92.
End covers 40 and 42 may be attached to extensions 36 and
38 at any time in the assembly process (although they are
not snapped into the closed position until after the
fibers have been spliced). All of the foregoing steps

10 take place in the factory, and splice 10 is provided to

the user in the state shown in Figure 1 (less the fiber
ribbon) . '

When the user has located the_fibers to be
spliced, they should be stripped and cleaved according to
15 well-known methods. 1In this regard, splice 10 may be
used to splice the fiber ribbons 96a and 96b shown in
Figure 1, or may be used to splice a plurality of
individual, discrete fibers. Such discrete fibers may be
more conveniently handled by first arranging them side-
20 by-side and applying a piece of tape or other means to
effectively create a fiber ribbon. If fiber ribbon is
being spliced, the outer coating which surrounds the
individual buffered fibers should also be removed.
once the fibers or ribbons have been 1nserted
25 into body 12, splice 10 may be actuated by longitudihally
sliding wedge 22 toward jacket 14. In this regard, the
term "longitudinal" refers to movement parallel with the
fibers and grooves 82. The sliding action may be
accomplished by simply using a screwdriver or other tool
30 to push wedge 22 forward. The screwdriver méy be applied
to the cutout 98 formed in wedge 22. As wedge 22 moves
forward onto ramp 92, it causes tongue 24 to press
against the outer surface of platé 74, clamping the
fibers between plates 74 and 76. The width of tongue 24
35 is approximately equal to the width of plates 74 and 76.
As discussed above, the clamping forces gradually
decreases towards the ends of splice element 18 due to
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74 and 76. As discussed above, the clanping forces graduafry'dééieéSéé“
towards the ends of splice elenment 18 due to stop padgydfheet Hai BeeRépetd may

be enhanced by meki ng the | engths of wedge 22 and tong han
the length of plates 74 and 76 so that the clanpi ng.foﬂmmgma ‘
primarily at the center of splice elenent 18. and not n

: t .18 S. t he
preferred enbodi nent, the length of that ﬁ rtion of wedge 22 contacting

e 2 ens <BBRHLB8EE; 38 el B Clagl) B ol 3 o e 2
lengths of wedge 22 and tongue 24 shorter than the length
of plates 74 and 76 so that the clamping force is applied
primarily at the center of splice element 18, and not at

5 its ends. In the preferred embodiment, the length of
that portion of wedge 22 contacting tongue 24 is about
one-half the length of plate 76. The use of tongue 24
also prevents undue deformation of plate 74 which might
otherwise occur if wedge 22 were to contact splice

10 element 18 directly. Wedge 22 provides excellent
mechanical advantages, including high transmission of

' forces, and the uniform application of force parallel to
plates 74 and 76. Also, due to the coefficient of
friction of the materials used for jacket 14, wedge 22

15 and tongue 24, actuation means 20 (i.e., wedge 22) is
self-locking, provided it has an angle of less than about
9°, The preferred angle is about 5°. Simplicity in the
use of splice 10 is evident from a summary of the above
steps: stripping and cleaving the fibers; inserting them

20 into body 12, and sliding wedge 22 forward. A double
wedge (not shown) may be used in lieu of single wedge 22.

After the splice is completed, end covers 40
and 42 may be moved to the closed, latched position to
provide environmental sealing and protect the exposed

25 fibers. In this regard, legs 100 of the end covers,
which rest on stage areas 102 of porches 84, help keep
the fiber ribbon aligned with splice body 12, i.e., they
oppose sideways bending of the ribbon proximate the
entrance to slot 26. Legs 100 also provide additional

30 sealing of slot 26 since they are positioneé'at the sides
thereof. Although not designed for disconnection and
reconnection, splice 10 may allow removal of fibers by
simply opening end covers 40 and sliding wedge 22
backward. '

35 Several different materials may be used in the
construction of splice 10. Splice element 18 may be
constructed from a variety of ductile metals, such as
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mhibh m ght otherwi se occur if wedge 22 were to contact splice el enment 18
directly. Wedgahid BheprHAY BES Re; | I ent mechani cal advantages, including high

trans- m ssion the uniform application of force parallel to
pl ates 74 and 74 the coefficient of friction of the materials

used for jacket - ] nd tongue gﬁ _actuation nmeans 20 (i.e., wedge
22) is self-locking, provided it:has an a ale of |l ess than about 9'. The

preferred anglgode SGnd: SP'AAdidh Wit G ard Bt rith 81 10 e
conventionally known as "3003," having a temper of 0 and
a hardness on the Brinnell scale (BHN) of between 23 and
32. Another acceptable alloy is referred to as "1100,"
5 and has a temper of 0, Hl4 or H15. Acceptable tensile
stréngths vary from 35 to 115 megapascals.

other metals and alloys, or laminates thereof,
may be used in the construction of splice element 18.
Such metals include copper, tin, zinc, lead, indium, gold

10 and alloys thereof. It may be desirable to provide a
transparent splicing element to facilitate the splicing
operation. In such a case, a clear polymeric material
may be used. Suitable polymers include polyethylene
terephthalate, polyethylene terephthalate glycol,

15 acetate, polycarbonate, polyethersulfone,
polyetheretherketone, polyetherimide, polyvinylidene
fluoride, polysulfone, and copolyesters such as Vivak (a
trademark of Sheffield Plastics, Inc., of Sheffield,
Massachusetts). . '

20 ' As an alternative to providing a splice element
constructed of a deformable material, it may instead be
formed of a more rigid material provided that V-grooves
82 and/or surface 80 are lined with a deformable
material. The primary requisite is to provide a material

25 which is softer than the glass comprising the opticdl
fiber and cladding, and which is ductile under the
clamping pressures applied to the optical fiber. It is
also desirable that the material be elastic at low stress
levels to afford sufficient elasticity to maintain a

30 continual compressive force on the optical fibers once
plates 74 and 76 have been brought together.

Furthermore, a coating may be applied to the
ductile material to reduce skiving of the material as the
fiber is inserted. For example, a diamond-like carbon

35 coating having a thickness in the range of 0.1 to 0.4 pum
may be applied to surface 80 of splice element 18 by
vapor deposition. When element 18 is constructed of the
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steps: stripping and cleaving the fibers, inserting theminto body 12. and
slidirng wedge 22 forward. A double wedge (not shom)m@ﬁe@qamdmﬁcddl eu of

si ngl e wedge 12 After the splice is conpleted. end 42 may
be noved to the closed, |atched position to provide e ﬂﬂ aIing
and protect the exposed fibers. In -14-

above-mentioned aluminum material, the preferred coating
takes the form of a thin anodized layer. Such a layer
provides a surface which is smooth and slippery, and so
greatly reduces the tendency of a sharp fiber edge to dig

5 in and skive the aluminum, which could also chip the
fiber end face. This invention pfoceeds contrary to
conventional wisdom and is distinguished from the prior
art in that it requires anodization of element 18 prior
to embossing any surfaces features therein. Pre-

10 anodizing was thought to be unfeasible due to the highly
brittle nature of aluminum oxide, which would lead to
facturing of the surface during the embossing of V-
grooves; however, testing has shown that,'while the
embossed area of the anodized surface does indeed

15 fracture into many microscopic pieces of irregular shape,
these pieces adhere to or otherwise become embedded in
the softer aluminum substrate, maintaining a protective
skin. There have also been concerns about increased
fiber stress due to the hardness of alumiﬁum oxide, which

20 would add to insertion loss, but studies have shown that
pre-anodizing the element adds'only a negligible amount
of stress to fiber, due to yielding of underlying soft
aluminum substrate, at least for anodized layers having a
thickness less than or equal to about 10 um. Also, the

25 skive resistance of the anodized layer is preserveafafter
embossing.

Use of the pre-anodizing technique has resulted
in improved splice performance, as indicated by empirical
results. Specifically, the yield of suitable splices 10

30 (i.e., those having an insertion loss of 0.2 ‘dB or less)
increased from 89% to 98%, due to the pre-embossing
anodization. This increase is directly attributable to a
decrease in the skiving of the element material during
fiber insertion and the provision of an anodized surface.

35 Testing has further shown that the thickness of the
anodized layer (prior to embossing) should be in the
range of 2-10 um. Greater thicknesses would fequire a
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thi's regard. |legs 100 of the end covers, which rest on stage are s %m%ﬁ
porches 84, help keep the fiber ribbon allgned wth splqb |ﬂ

t hey oppose si deways bendi ng of the ribbon proximte the
26. Legs 100 al so provide additional sealing of slot 26 s
positioned at the sides thereof. Although ggt desi gned for dlsconnectlon
and reconnection. splice 10 may all ow reno of fibers by si nply openi ng

end covers 40 g f'ﬁnéf: Qigﬂp‘i’.‘ﬁgg?og%eb%%k%hqe\i%evﬁ{e aél éeﬂh{mﬁe“ al's

may be used in t
s rength due to the hardness of the anodized layer and

consequent decrease in deformation of the V-grooves. A
thickness of about 4 um is deemed optimum with respect to
5 insertion loss and fiber stress.

Besides the resistance to skiving, anodization
imparts several other benefits. Aluminum oxide has
nearly the same index of refraction as glass (1.6-1.7 vs.
1.5) so even if particles get lodged between fibers,

10 there is no significant change in insertion loss. The
aluminum oxides also exhibits excellent adhesion to the
base aluminum material since it is "grown" from the base
material. Color anodizing may further be used to offer
improved element surface contrast for ease of fiber

15 placement on element tray. Finally, with respect to pre-
anodizing, this technique eliminates the need to ship
fragile elements outside the manufacturing plant for
anodization (and to re-ship to the plant for assembly in
the splice package). Instead, preQanodizea aluminum coil

20 stock may be used, which adds negligible cost to the
finished product. It is also much easier to control the
thickness of the anodized layer when pre-anodized as
strip material.

Splice body 12 may be constructed of a variety

- 25 of materials, basically any durable material. and
preferably one that is injection moldable, although die
cast metals are acceptable. The material should not be
too rigid as it is desirable to allow the inner walls
forming slot 26 to flex slightly to store excess clamping

30 forces from wedge 22 in order to insure constant clamping
force on the fibers during temperature cycling. The
preferred injection moldable material is a 30% glass
reinforced liquid crystal polymer (LCP), such as that
sold under the trademark VECTRA Al130 by Hoechst Celanese

35 Corp. of Summit, New Jersey.

Due to the box shape of body 12, however, an
unavoidable knit line forms where the two flow fronts
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structi om-of— splice 10. Splice el enent 18 may be con- structed froma
vari ety o gg&qhgsaﬁk_ l&bed Such as soft alum num The preferred nmetal is an
ally known as "3003." having a tenper of 0 and a

alwﬁnum

har dness o mmm& scal e (BHN) of between 23 and 32. Anot her
accept abl e red to as "1100," and has a tenper of 0. Hl4 or
H15. Acceptable tensile strengths vary froﬁ§35 to 115 megapascals. O her

nmetals and allo or Lanm nates.ther,eof be used,in the constryction of
splice el emrent® %@bi #urlng 1n]ecglon hOQEXn fn tﬁls process, éﬁe

knit line can be located at different places, but not
removed, and it significantly reduces the strength and
stiffness of jacket 14 as compared to its theoretical

5 properties. During actuation of the splice, this knit
line may yield and reduce the'applied clamping force.
This problem is exacerbated during temperature cycling,
and may result in unacceptable loss performance and low
fiber pullout force. 1In order to minimize this effect,

10 and eliminate stress relaxation, it is beneficial to
incorporate a reinforcing member into splice 10, but
without changing the size thereof, since an increase in
the splice size would prevent the splice from fitting
into standard splice organizers. In the present

15 invention, reinforcement is obtained by insert molding a
stainless steel tube 126 within jacket 14, as shown in
Figures 8 and 9.

Stainless steel tube stock with an oversized

outer diameter and an undersized inner diameter is turned

20 to the desired diameter, cut to length, and chamfered at
both ends using a computer-numerical control (CNC) lathe.
The prepared tube is placed on a support pin, and both
are set in a form die which has the desired outer
profile. A hydraulic press is then used to deform the

25 tube to the desired shape. The deformed tube is then
loaded onto the mold core for jacket 14, and the
tube/core assembly lowered into the jacket mold. After
~injecting the LCP, the mold is opened, the jacket and
core removed, and the core is pulled out of the insert

30 molded jacket.

Use of tube 126 has several advantages.

Annealed stainless steel tubing may easily be pressed to
an oval shape using a simple form die and a hydraulic
press. Alternatively, tubing may be extruded in the

35 deisred shape. Also, the tube forming and insert molding
are not tolerance-critical. The combination of steel
tubing with LCP imparts the desirable properties of steel
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metal s include copper, tin, zinc, lead, indium gold and alloys thereof. It
may be desirable to provide a transpar- ent splicing ﬂ{s@ﬁamasmeenmehde&tate

the splicing operation. In such a case, a clear polyne
used. Suitable polyners include polyethyl ene terephtha
terepht hal ate gl ycol, acetate, polycarbon- ate, polyet ,

y be
| ene

pol yet her et her ket one, polye- therim de, pb#?VinyIidbne fluoride,

pol ysul f one,
Plastics. Inc

10

15

20

25

30

35

a?gb§g§£g¥?égfrs S Cg1;§t1c1€§ Sﬁdtégggﬁg£h)°£08he£2E age

which is very easily molded into an intricate shape.
Finally, greater element clamping force may be developed
and maintained without increasing the size of the splice.
This results in improved insertion loss and fiber
retention, particularly during temperature cycling.

The dimensions of splice 10 may vary widely
according to the desired application. The following
(approximate) dimensions, for the preferred embodiment,
are exemplary only and should not be construed in a
limiting sense. The overall length of splice 10 is 38
mm, its height 6.7 mm and its width 13 mm. The length of
the main portion of jacket 14 is 14 mm, while projection
28 is about 7.1 mm long and 9.7 mm wide. Cap 14 is 7.6
mm long, and extensions 36 and 38 are each 8.3 mm long.
Wedge 22 has an overall length of 14 mm, but the length

~ of the portion contacting tongue 24 is 10 mm. The width

of wedge 22 is 6.5 mm, while its maximum thickness is 1.5
mm and its minimum thickness is 0.76 mm. '

With respect to splice element 18, several of
the following approximate dimensions are based on the
size of conventional multiple fiber ribbon cables. The
length of plate 74 (including porches 84) is 28 mm, while
the length of plate 76 is 20 mm. Both plates have a
thickness of 530 um, and stop pads 90 rise 18 um above
surface 80. V-grooves 82, preferably spaced 250 um
apart, are 130 um deep and have a maximum width of 180
pm. Grooves 86, which are approximately trapezoidal in
the preferred embodiment, also have a maximum width of
180 um, and a minimum width of 120 pm, and are 180 um
deep. Ramp 88 descends 250 um, i.e., the upper surfaces
of grooves 86 are 250 um from surface 80.

Based on the foregoing dimensions, tube 126
should have an outer cross-sectional width of about 5.59
mm, an outer cross-sectional length of about 10.2 mm, an
inner cross-sectional width of about 3.95 mm, an outer
cross-sectional length of about 8.58 mm, an outer radius
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As an alternatlve to égng a splice elenent con- structed of a

def ormabl e ay i nstead be fornmed of a nore rigid materi a
provi ded th “ & 2 and/or surface 80 are lined with a deform able
mat eri al . isite is to provide a material which is softer

than the glass conprising the optical fihgg-and cladding, and which is
ductil e under the clanping pressures applied to the optical fiber. It is
al so desirabl gft Baivhbarenber h&bulte 261785 tinC atid |anw Biries sradvaksofo afford

sufficient elas%bg£u¥etgf B Iq %BC%QLlnThese dimensions may be
formed from a circular tube having a outer diameter of
about 8.66 mm and an inner diameter of about 7.01 mm.

5 Two alternative embodiments and design
modifications are shown in Figures 6 and 7. Figure 6
illustrates a modified end cover 42’ which may be used on
both jacket extension 36 and cap extension 38. End cover
42’ is used to provide additional environmental sealing,

10 by means of a compartment 104 defined by a wall 106 which
is attached to the inner surface of cover 42’ by a living
hinge 108. As end cover 42’ is closed, wall 106 contacts
extension 38, causing wall 106 to compress a sealant

. material, which may include index matching gel, residing

15 in compartment 106. Wall 106 has channels 110 therein
which allow the sealént to escape from compartment 104,
and flow in and around the entrance to slot 26. - A web
112 is preferably integrally formed with wall 106,
extending into compartment 104, which assures that

20 sealant will be directed out of channels 110 when cover
42’ is closed, and also provides resistance against such
closufe to prevent accidental leakage of the sealant.

Figure 7 depicts a stacked splice device 10’
which utilizes a splice element 18’ having two layers of

25 splices. Stacked splice element 18’ may be formed of
three separate elements, but it is preferably constructed
of a single element having two integral hinges, folded
into a Z-shape (accordion-fold). In this manner, the
three sections of the sheet defined by the hinges result

30 in three different plates 114, 115 and 116. It is not
necessary that the two splice layers formed thereby be
parallel, but this is preferred to simplify the wedge
actuation. An alternative construction would provide a
single sheet of material having two parallel hinges

35 separated by a small distance, e.g., 50 um, forming the
upper and lower plates, with a third plate inserted
therebetween. A plug 118 having two sets of orifices 124
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ual conpressive force on the optical fibers once plates 74 and 76 have been
br ought together. Furthernore, a coating may be applied to the ductile
material to reduce skiving of the material as the fiber is 13 inserted.
For exanpl e, a dianond-like carbon coating having a thickness in the range
of 0.1 to 0.4 [err] may be

-19-

is advantageously used to guide a first set of fibers,
i.e., every other fiber, upwards to the top splice layer,
and the remaining fibers downwards to the bottom splice
layer. Guide plug 118 has-grooves'lzo formed in a porch

5 area 122 thereof, similar to porch 84 of element 18;
grooves 120 help align the fibers with orifices 124. Of
course, the use of an accordion fold and guide plug could
be expanded to splice elements having more than two
splice layers. ,

10 Although the invention has been described with
reference to specific embodiments, this description is
not meant to be construed in a limiting sense. Various
modifications of the disclosed embodiment, as well as
alternative embodiments of the invention, will become

15 apparent to persons skilled in the art upon reference to
the description of the invention. For example, a
multiple fiber splice device may be constructed to allow
separate termination of each flber set by providlng two
actuation wedges, one at each end of splice body 12; this

20 would allow the pretermination of one fiber set in the
clamped state. It is therefore contemplated that such
modifications can be made without departing from the
spirit or scope of the present invention as defined in
the appended claims. |

This Sheet Has Been R laced

This is the replacemant sheet

» 3 0CT 1936

Date:



applied to surface 80 of splice elenment 18 by vapor deposition. Wen
elenment 18 is constructed of the above nentioned alum num material, the
preferred coating takes the formof a thin anodi zed | ay€bhis SheetHasBeé Eced

provi des a surface which is snooth and slippery, and so g t he
tendency of a sharp fiber edge to dig in apg-skive the al
s con- tr

could also chip the fiber end face. This invention procee ary to
conventi onal wictaamsand is distinguished fromthe prior art in that it

requires anodization of %LegP&Lv%ge for splicing a first plurality of

optical fibers to a second plurality of optical fibers,
the device comprising:

5 a splice body;
splice element means located in said splice
body for holding the first and second plurality of
-~ optical fibers; _
actuation means for clamping said splice
10 element means; and
' means for reinforcing said splice body.

2. The device of Claim 1 wherein said
reinforcing means comprises a steel tube located inside
said body.

15 3. The device of Claim 1 wherein said splice
body includes:

a jacket member having a slot therein for
receiving said splice element; and _

a cap member having a recess for receving an

20 end of said jacket member.

4. The device of Claim 1 wherein:

said splice element means includes two plate
members forming opposing surfacés; and

said actuation means comprises wedge means

25 having first and second positions whereby, when said
wedge means is in said first position, the first and
second pluralities of fibers may be inserted between said
opposing surfaces of said splice element means and, when
said wedge means is in said second position, it applies a

30 clamping force to said splice element means, urging said
opposing surfaces together.

5. The device of Claim 2 wherein said body is
formed of an injection moldable material, and said tube
is insert molded inside said body.

35 6. The device of Claim 3 wherein said
reinforcing means comprises a steel tube located inside
said jacket, at least partially surrounding said slot.

L
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prior to enbossing any surfaces features therein. Pre- anodizing was
t-hought to be unfeasible due to the highly brittle nature of alum num

oxi de, which would lead to facturing of the surface during the enbossing of
V- grooves; however, testing has shown that, while the enbossed area of the
anodi zed surface does indeed frac- ture into many m croscopi c pi eces of

i rregul ar shape, these pieces adhere to or otherw se becone enbedded in the

softer al um num substrate, nmintaining a Baptec- tive skin. There have al so
been concerns about in-

7. The device of Claim 4 wherein each pléte
member is formed from aluminum, and each said opposing
surface has an anodized layer.

8. The device of Claim 6 wherein said jacket is

5 formed of an injection moldable material, and said tube
is insert molded inside said jacket.

This Sheet Has Been Reﬂlaced
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creased fiber stress due to the hardness of al uni num.oxi-de; mhich'mburd add
to insertion | oss, but studies have shown that pre- anod|2|

adds only a negligible amount of stress to fiber, duE“ fk k
under | yi ng soft alum num substrate, at |east for anod \ aV|ng a
t hi ckness | ess than or equal to about 10 [err]. Also stance
of the anodized layer is preserved after emgpssing. Use of the

pre-anodi zi ng technique has resulted in inproved splice perfornance, as
i ndi cated by enpirical 9. An element for splicing a first optical

fiber to a second optical fiber, the element comprising:
a first aluminum plate member;
a second aluminum plate member adjacent said
5 first aluminum plate member, forming a pair of opposing
surfaces, one on each of said plate members, each said
opposing surface having an anodized layer; and
said opposing surface of said first plate
member having a fiber receiving groove therein, said
10 anodized layer being fractured along said fiber receiving
groove.
10. The element of Claim 9 wherein said
opposing surface of said first plate member has a
plurality of fiber receiving grooves, for splicing a
15 first plurality of optical fibers to a second plurality
of optical fibers, said anodized layer of said opposing
surface of said first plate member being fractured along
each of said fiber receiving grooves.
11. The element of Claim 9 whereln said
20 anodized 1ayer has a thickness in the range of 2-10 pm.
12. The element of Claim 9 wherein said
anodized layer has a thickness of approximately 4 pum.
13. The element of Claim 9 wherein said
aluminum has a hardness on the Brinnell scale (BHN) of
25 between 23 and 32.
14. A splice utilizing the element of Claim 9,
the splice further including:
a splice body having a slot therein, said
element located in said slot; and
30 actuation means for clamping the fibers between
said plate members and urging said opposing surfaces
together. '
15. The splice of Claim 14 further comprising
means for reinforcing said splice body. |

HIIIIII IIIIII III|| ||I|| II IIII
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redeL§L_§p§QLLLcalLyr the yield of suitable splices 10 (i.e., those having
an insertion loss of 0.2 dB or less) in- creased from89%to 98% due to
t he PRiesHRéPlasBdenBe i zation. This increase is directly attributable to a

decre ing of the elenent material during fiber insertion and
t he pr anodi zed surface. Testing has further shown that the
t hi ck e anodi zed | ayer (prior to—2Bbossing) should be in the range

of 2-10 [err]. Geater thicknesses would require a higher clanping force to
achi eve the desired pul | 36 A method of manufacturing an element for

splicing a first optical fiber to a second optical fiber,
comprising the steps of:

anodizing a strip of aluminum material;

5 cutting said strip into first and second plate
members, each having an opposing surface;

embossing a fiber receiving gfoove in said
opposing surface of said.first plate member; and

placing said opposing surfaces of said first

10 and second plate members next to each other.

17. The method of Claim 16 wherein said
anodizing step creates an anodized layer on each said
opposing surface, said layer having a thickness in the
range of 2-10 um.

15 18. The method of Claim 16 wherein:

said cutting and embossing steps are performed
simultaneously by stamping said first and second plate
members from said strip, and where said stamping step
further creates a fold line fdrming a hinge which is

20 integral with said first and second plate members; and
said placing step is achieved by folding said
first and second plate members along said fold line.

19. A method of manufacturing a splice using
the element formed in Claim 16, comprising the further

25 steps of:

locating a splice body having a slot therein,
and having actuation means‘for'clamping the fibers
between said plate members and urging said opposing
surfaces together; and

30 inserting said element into said slot.

20. The method of Claim 19 further comprising

the step of insert molding a reinforcing tube in said

splice body, said tube at least partially surrounding
said slot.

T

This is the replacement gsheet

Date: =3 00T 19%



strength. due to the hardness of the anodi zed | ayer and consequent decrease
I n deformation of the V-grooves. A thickness of about 4 [err] is deened
optimumwi th respect to insertion |oss and fi ber stress. 14 Besi des the

resi stance to skiving, anodization inparts several other benefits.. A um num
oxi de has nearly the

: 24
MULTIPLE OPTICAL FIBER SPLICE

Abs ct o e _Disclosure
A device for splicing multiple optical fibers

includes a novel splice element having two plates formed
from a sheet of aluminum material, there being a fold

5 line in the sheet forming a hinge, the two plates being
folded toward one another to define opposing surfaces.
One of the opposing surfaces has several fiber receiving
grooves therein, parallel with the fold line. The
aluminum is anodized prior to embossing the fiber

10 receiving grooves. The element is inserted into the slot
of a splice body formed of an injection moldable
material. The splice body may be reinforced by insert
molding a steel tube therein, surrounding the slot.

FIGURE 2 & 9

i __
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same index of refraction as glass (1.6-1.7 vs. 1.5) so even if particles
get | odged between fibers, there is no signifi- cant change in insertion

| oss. The al um num oxi des al so exhi bits excell ent adhesion to the base
alum nummate- rial since it is "grown" fromthe base material. Color
anodi zing may further be used to offerc gnproved el e- nent surface contrast
for case of fiber placenent on elenent tray. Finally, with respect to
pre-anodi zing. this technique elimnates the need to ship fragile ele-
ments outside the manufacturing plant for anodi zation

This Sheet Has Been eﬁlaced
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(and to re-ship to the plant for assenbly in the splice package). Instead,
pre-anodi zed al.um num.coil -stock may be used, which adds negligible cost to
the finished product. It is also nmuch easier to control the thickness of

t he anodi Zbid Sk B l35eb_ anodi zed as strip mate- rial. Splice body 12
may he cons lﬁ‘ |ﬁari ety of mate2ials, basically any durable

mat eri al an ne that is injection noldable, although die cast
netals are acceptable. The material should not be too rigid as

This is. the replacement sheet
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it is desirable to allow the inner walls formng slot 26 to flex slightly
to store excess clanping forces fromwedge 22 in order to insure constant

cl anpi ng ThisrSheet Hm BelyeReplalzdr s duri ng tenperature cycling. The preferred

injec- tio riral is a 30% glass reinforced |iquid crystal

pol ymer (L hat sol d under- t3he. trademar k VECTRA A130 by Hoechst
0

Cel anese Cor p. ummt, N J. Due to the box shape of body 12, however, an
un- avoi dable knit line forns where the two flow fronts
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conbi ne during injection nolding. In this process, the knit Iine can be

| ocated at different places, but not re- noved, and it significantly

reduces the strength and stiffness of jacket 14 as conparedTEi(s)Sit

t heoretical prop- erties. During actuation of the splice, thi e eplaced
may yield and reduce the applied clanpi @g-<force. This prob- IJ ’ M
exacerbated during tenperature cycling, and may result in un

perfornmance and | ow fiber pullout force. In order to minimze this effect,
and elim- nate stress relaxation, it is beneficial to incorporate a

N 126 1,4

|
N

L 7 7 7 7 7 7 7

Flig.

126
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A ROXATE 2
rei nforcing nenber into splice 10, but without chang- ing the e t her eof ,
since‘an increase in the splice size would prieveRgpl RerMENT SHEEPS T IéG T NO

i nto standard splice organizers. In the presqnif paMeIHibRP paded .0l & pRged RN
i s obtained by insert nolding a stainless steekgtmg}%:ggéai_&_ b E%‘QJ’A'

as shown in FIGS 8 and 9 15 1 & Drawing(s) : paged V%10 peged 24

DATE OF RECEIPT.. A .

REINFORCED MULTIPLE OPTICAL FIBER
SPLICE HAVING PREANODIZED ELEMEXNT

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation-in-part of copend-
ing U.S. patent application Ser. No. 07/753,333, filed
Sep. 6, 1991 now U.S. Pat. No. 5,155,787.

BACKGROUND OF THE INVENTION

1. Field of the Iavention

-' The present invention generally relates to devices for
~ optically connecting the ends of waveguides such as
' optical fibers, and more particularly to an article which
* splices a plurality of pairs of such optical fibers, the

article including an insert molded splice body and an

aluminum splice element which is anodized prior to

embossing certain features thereon.

- 2. Description of the Prior Arnt

Splice devices for optical fibers are known in the art.
but there is still a need for a quick and reliable method
of splicing a plurality of fibers in a high density environ-
ment. Prior to the introduction of splice devices which
join a plurality of optical fibers in a single splice bedy
(discussed further below), this was accomplished by
utilizing a plurality of single fiber (discrete) splice de-
vices. This approach was very time consuming, how-
ever. and further resulted in a large volume of splice
bodies which crowd junction boxes. or require special-
ized splice trays to keep the fibers organized.

Several systems have been devised to address the
problem of multiple fiber splicing. One technique, mass
fusion welding. requires that each fiber be placed in a
groove of a rigid substrate having several such grooves.
Best fit averaging is used to align the fiber pairs and an
electric arc is created, melting the fiber tips and perma-
nently fusing them together. The primary, and very
significant. limitation of fusion splicing is the great ex-
pense of the fusion welders. Fusion welding is also time
consuming, and precludes later fiber removal or reposi-
tioning.
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Stai nl ess steel tube stock with an oversized outer dianmeter and an

undersi zed inner dianmeter is turned to the desired dianeter, cut to |ength.
and chanfered at both ends using a conputer-numnerical control (CNC) | athe.
The prepared tube is placed on a support pin, and both are set in a form
di e which has the desired outer profilg. A hydraulic press is then used to
deformthe tube to the desired shape. The deforned tube is then | oaded onto
the nold core for jacket 14, and the tube/- core assenbly |owered into the
j acket nold. After in-

Another common multiple splicing technique re-
quires the use of adhesives, again with a substrate or
tray that has a plurality of grooves therein. For exam-
ple, in U.S. Pat. No. 4,028,162, a plurality of fibers are
first aligned on a plastic substrate having fiber aligning
grooves, and then a cover plate is applied over the
fibers and the substrate, the cover plate having means to
chemically adhere to the fiber and substrate. Adhesives
are also used in the optical fiber splice devices disclosed
in U.S. Pat. No. 4,029,390 and Japanese Patent Applica-
tion (Kokai) No. 58-158621. The use of adhesives is

: generally undesirable since it adds another step to the

hd splicing process, and may introduce contaminants to the
fiber interfaces. Splice devices using adhesives also
require extensive polishing of the fiber end faces to
achieve acceptable light transmission, and some adhe-
sive splices further require the use of a vacuum unit to
remove trapped air.

The 390 patent represents an improvement over
earlier multiple splice devices in that it utilizes a fold-
able holder having a series of V-grooves on both sides
of a central hinge region. The method of attaching the
fibers to the holder, however, presents additional prob-
lems not present in earlier splices. First of all. since
adhesive is used to affix the fibers to the holder before
splicing. the cleaving of the fibers becomes a critical

_ step since the cleave length must be exact to avoid any

o oifset of the fiber end faces, which would be extremely
detrimental to splice performance. Secondly, it is criti-
cal that the opposing V-grooves be exactly aligned,
which is unlikely with the hinge depicted in the '390
patent; otherwise. there will be transverse fiber offset
resulting in increased signal loss. Finally, the '390
holder would not maintain the opposing plates perfectly
parallel, which is necessary in order to optimize trans-
verse alignment of the fiber paxrs, and also affects fiber
deformation.
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jecting the LCP, the nold is opened, the jacket and core renoved, and the
core i's pulled out of the insert nolded jacket. Use of tube 126 has several
advant ages. Anneal ed stainless steel tubing may easily be pressed to an
oval shape using a sinple formdie and a hydraulic press. Alternatively,
tubing may be extruded in the desired §hape. Al so, the tube form ng and

i nsert nolding are not tolerance-critiCal. The conbi nation of steel tubing
with LCP inparts the desirable properties of steel (higher

Another problem with several of the foregoing splic-
ing devices is that they used rigid substrates to clamp
the fibers. There are several disadvantages to the use of
rizid substrates. First of all, it is generally more difficult
to form grooves in a rigid material, such as by etching.
grinding or erosion. which increases manufacturing
cost. Rigid substrates must also be handled more care-
fully since they are brittle and thus easily damaged.
Most importantly, the use of a rigid substrate having
grooves therein results in poor alignment of the fiber
pairs (as well as unnecessary fiber deformation), leading
to higher insertion loss. These problems are com-
pounded in stacked configurations such as those shown
in U.S. Pat. Nos. 3,864,018, 4,046,454 and 4,865,413.

These difficulties may be avoided by the use of a
substrate which is malleable, elastomeric or ductile.
Unfortuna.rely, however, the use of such materials has
not been fully appreciated nor implemented. For exam-
ple. U.S. Pat. No. 4.046,454 teaches that the rigid V-
grooves may be lined with a ductile material. This com-
plicates the manufacturing process. however, and adds
significant cost. In U.S. Pat. No. 4.102,561, the splice
device utilizes two alignment members formed of a
resilient material which may deform against the fiber
surfaces. That splice. however, requires the artachment
of two subassemblies prior to insertion of the fibers into
"’ o the alignment members, and further uses about a dozen

' clamps and bolts, making the device very difficult to use
in the field (similar problems apply to the device illus-
trated in U.S. Pat. No. 4,045.121). The primary clamp-
ing action directly at the fiber interface also causes
deformation of the fiber resulting in more signal loss
than if there were a more gradual clamping toward the
interface. This problem also applies to other splice de-
signs. such as that depicted in European Patent Applica-
tion No. 88/303777.2, which further suffers from the
non-uniform application of clamping forces to different
fibers. It is also important to ensure that insertion loss
and fiber retention are not adversely affected by tem-
perature cycling, particularly in view of the desired 30
year life of a splice. o :
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nodul us of elasticity and strength) to a package which is very easily

nol ded into an intricate shape. Finally, greater elenent clanping force nmay
be devel oped and mai ntai ned without increasing the size of the splice. This
results in inproved insertion |loss and fiber reten- tion, particularly
during tenperature cycling. The dinensj ons of splice 10 may vary widely
accord- ing to the desired application. The follow ng (approxi- nate)

di rensions, for the preferred enbodi nent, are exenplary only and shoul d not
be construed ina limt-

One remaining concern is the potential for the fibers
to skive or scrape the splice element material as the
fibers are inserted into the element, resulting in micro-
scopic particles or flakes which can become situated
between the fiber end faces and thus increase insertion
loss. In this regard, manufacturers of aluminum splice
elements have recognized the benefit of providing an
anodized layer along the fiber-receiving grooves in the
element. For example, U.S. Pat. No. 5.121,456 discloses
the use of an aluminum element which is anodized to

o/ provide resistance to chipping and gouging. The ele-
ment is first embossed or stamped to create the fiber-
receiving V-grooves. and then anodized. While this
process does provide some resistance to skiving, it has
many disadvantages. First of all, it requires shipment of

the fragile. finished elements outside of the manufactur-
ing plant. to be anodized elsewhere. Secondly, this an-
odizing process is relatively complicated, requiring
special solutions and application of electricity. It is also .
difficult to use this batch process to create elements
having an anodized layer of uniform or controlled
thickness. Finally. the anodized elements must be
shipped back to the manufacturing plant for assembly
into the finished splice package. all the while protcctmg
the critical surfaces from scratching. etc.
N’ It would, therefore, be desirable and advanr.agcous to
' devise a high performance splice device for multiple
optical fibers which utilizes a splice element formed of
a ductile material, and has a skive-resistant layer, but
which overcomes the foregoing limitations. It would
also be beneficial to include means for strengthening the
splice to ensure proper performance during tcmpcraturc
cychng to increase its stiffness thhout increasing the
size of the gplice.
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ing sense. The overall length of splice 10 is 38 nm its height 6.7 nm and
its width 13 mm The length of the main portion of jacket 14 is 14 nm
while projection 28 is about 7.1 mmlong and 9.7 mfmmwide. Cap 14 is 7.6 nm
| ong, and extensions 36 and 38 are each 8.3 nm|ong. Wdge 22 has an
overall length of 14 mm but the length of the portion contacting tongue 24
is 10 mm The wdth of wedge 22 is 6.5 nm while its maxi numthick- ness is
1.5 nmand its mini num thi SkiMMARYOO® THE WNVENIIEN to splice el ement

18. several of the folg, foregoing objectives are achieved in a device for
splicing multiple optical fibers comprising a splice ele-
ment. a body surrounding the splice element, and means :
for clamping the fibers in the splice element. The ele-
ment is preferably formed of a soft aluminum material,
and has an anodized layer which is created prior to the
embossing or stamping of any surface features on the
element, such as a series of parallel V-grooves. The
body may be comprisad of a jacket portion and a cap
portion which interlock to hold the splice element. the
Jjacketincluding a wedge for actuation of the element. A
reinforcing tube may be insert molded into the body to
increase its strength, without increasing the size of the

o splice, for improved insertion loss and fiber retention
during temperature cycling.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features and scope of the invention are set
forth in the appended claims. The invention itself, how-
ever, will best be understood by reference to the accom-
panying drawings. wherein:

FI1G. 1 is a perspective view of the mulnple opucal
splice device of the present invention;

FIG. 2 is an exploded perspective view of the sphce
device of the present invention:

FIG. 3 is a perspective view of the sphce element
used in the mulnple fiber splice devxce of the present

_ invention, in its unfolded state;

' ~ FIG. 4is an enlarged sectional perspective of one end
of the splice element of FIG. 3 showmg the porch and
ramp;

FIG. § is a sectional perspectwe view of the fully
assembled splice device of thie present invention;

FIG. 6 is a sectional elevation of an alternative end
cover used with the splice device of the present inven-
tion, havmg a compartment thcrem for index matching
gel;

FIG. 7 is a perspective view of the stacked splice
embodiment of the present invention;

FIG. 8is an enlarged transverse sectional view of the
Sphcc of the present invention dcplcung the remforcmg _
insert tube: and

FIG. 9 is a longitudinal secuonal view of the jacket
portion of the splice of the present invention also de-

picting the insert tube,
This is the replacerment shoet
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| owi ng approxi mate di nensions are based on the size of conventional
multiple fiber ribbon cables. The |l ength of 16 plate 74 (including
perches 84) is 28 nm while the length of plate 76 is 20 mm Both pl ates
have a thickness of 530 [err] and stop pads 90 rise 18 Am above surface 80.
V-grooves 82. preferably spaced 250 [gr] apart, are

DESCRIPTION OF THE PREFERRED
EMBODIMENT

With referance now to the figures, and in particular
with reference to FIG. L. there is depicted the multiple
optical fiber splice device 10 of the present invention.
Although the term ‘“connector™ may be applied to
splice 10, that term is usually reserved for devices
which are intended to provide easy connection and
disconnection, as opposed to a splice which is usually
considered permanent. Nevertheless, the term “splice”
should not be construed in a limiting sense since splice
10 can indeed allow removal of the fibers, as explained
further below.

With further reference to FIG. 2, splicc 10 includes a
generally rectangular body 12 which is essentially com-
prised of a jacket 14 and a cap 16. Splice 10 also includes
a splice element 18 and longitudinal actuation means 20
for applying pressure to splice element 18. In the pre-
ferred embodiment, actuation means 20 comprises a
wedge 22 having surfaces defining an acute angle,
which is captured between jacket 14 and cap 16. A~
tongue 24, which is integrally molded with cap 16, is-
advantageously interposed between wedge 22 and
splice element 18 as discussed further below. Jacket 14
has a longitudinal slot 26, rectangular in cross-section
, and extending through jacket 14, for receiving a splice
o’ element 18; slot 26 is slxghtly shorter than splice element

: 18, allowing both ends of element 18 to extend beyond
the ends of slot 26. Jacket 14 also has an integrally
molded male couplmg element or projection 28 which
fits within a cavity 30 formed in cap 16. Projection 28
has two transverse bumps 32 which snap into recesses
34 of cap 16. providing a snug fit betwcen jacket 14 and -
cap 16.

This is the replacement shoet
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130 [err] deep and have a maximumw dth of 180 [err]. G ooves 86. which
are approximately trapezoidal in the preferred enbodi ment, al so have a
maXi rum wi dth of 180 [err], and a mnimumw dth of 120 [err], and are 180
[err] deep. Ranp 88 descends 250 [err], i.e., the upper surfaces of grooves
86 are 250 [err] fromsurface 80. Baseg on the foregoing dinensions, tube
126 shoul d have an outer cross-sectional w dth of about 5.59 mm an outer
cross-sectional length of about 10.2 mm an inner cross-sectional w dth of
about 3.95 nm an outer

Jacket 14 and cap 16 each have extensions 36 and 38,
respectively, which receive end covers 40 and 42, re-
spectively. Extensions 36 and 38 have recessed surfaces
which support the fibers at the entrance to slot 26. End
covers 40 and 42 impart protection to the spliced fibers
and splice element 18 against environmental influences.
End covers 40 and 42 are attached to extensions 36 and
38 of the jacket and cap. respectively, by any conve-
nient means, such-as arcuate jaws 44 which snap onto

_ and rotatably grip trunnions 46. The side edges 48 of

o/ extensions 36 and 38 are rounded to allow end covers 40
and 42 to rotate on trunnions 46. End covers 40 and 42
also include hooks forming latches 50 which snap into
notches 52 in extensions 36 and 38 and securely main-
tain the end covers in a tightly closed position.

Jacket 14 and cap 16 define many overlapping sur-
faces which impart additional environmental sealing
and further inhibit separation of these two components
of body 12 by, e.g., bending of body 12. For example,
projection 28 has a lower tier 54 which slides under a
canopy 56 formed on cap 16. Cap 16 also includes
bosses 59 which fit into recesses (not visible in the Fig-
ures) in the corresponding face of jacket 14. Projection
28 and cap 16 further have inclined surfaces 60 and 62
which result in a greater contact surface area and make

w it more difficult to pop jacket 14 and cap 16 apart by
' bending them near their interface.

Turning now to FIGS. 3 and 4, splice element 18 is
described in further detail. Splice element 18 may be
formed from a sheet of deformable material, preferably
a ductile metal such as aluminum, although polymeric
materials may also be used. Material selection is de-
scribed further below. Certain features are embossed,

This is the replacement sheoet
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cross-sectional length of about 8. 58 mm an outer radius of curvature of
about '2. 79 nm and an inner radius of curvature of about 1.98 nm These
di‘mensions may be fornmed froma circular tube having a outer dianeter of
about 8.66 nm and an inner dianmeter of about 7.01 mm Two alternative
enbodi nents and design nodifica- tionsgare shown in FIGS. 6 and 7. FIG 6
illustrates a nodified end cover 42' which may be used on both jacket
extension 36 and cap extension 38. End cover 42' is used to provide
addi ti onal environmental sealing, by

coined. stamped, molded or milled into element 18.
First of all. a groove 70 is formed on the outside surface
72 of element 18. Groove 70 forms an area of reduced
thickness to define a bend line or hinge. and separates
element 18 into two legs or plates 74 and 76 having
essentially the same width. The hinge is preferably
formed by additionally embossing a notch 78, opposite
groove 70, on the inside surface 80 of element. This
creates a “focus hinge™ which provides more accurate

N\’ registration of plates 74 and 76 when they are folded
together, as explained further below. A slot 81 may also
be punched out of element 18 by removing a portion of
the hinge, which allows the elements to more easily be
flexed to the actuated position.

In one embodiment of the present invention, plate 76
has a series of V-shaped grooves 82 embossed on the
inside surface 80 of element 18. V-grooves 82 are gener-
ally parallel with groove 70. Those skilled in the art will
appreciate that the V-grooves may instead be formed in
plate 74, or in both plates, and further that the shape of
the grooves is not limited to a **V™ cross-section. Never-
theless, in the preferred embodiment only one of the
plates has grooves therein, and these are V-shaped hav-
ing an interior angle of about 60°. In this manner, when

- a fiber is placed in one of the grooves and clamped by

W surface 80 of plate 74. the points of contact between
clement 18 and the fiber generally form an equilateral
triangle which minimizes transverse offset and thus
reduces signal loss in the splice.
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means of a conpartnment 104 defined by a wall
I nner* surface of cover 42' by a living hinge 108. As end cover 42

106 which is attached to the

S

ctosed, wall 106 contacts extension 38, causing wall 106 to conpress a
whi ch may include index matching gel, residing in

seal ant materi al,

conpartment 106. Wall
to escape from conpart -
slot 26. A web 112 is preferably integrally forned with wall

into conpartnent 104, which assures

Plate 74 is further distinguished from plate 76 in that

plate 74 has extensions or porches 84 which also have

grooves 86 therein. although grooves 86 do not extend
the full length of plate 74. Grooves 86 are also wider
than V.grooves 82 since it is intended that the portion of
the fibers lying on porches 84 will still have their buffer
coating. but this coating is stripped from the fiber ends
which are clamped between plate 74 and V-grooves 82
(i.e., the buffered portions of the fiber have a larger
diameter than the exposed portions). Grooves 86 are
further recessed in surface 80. and are adjacent to ramps
88 leading up to surface 80. as more clearly seen in FIG.
4. Ramps 88 eliminate microbending (which causes
further signal loss) which would result if the buffered
portion of the fiber and the exposed portion were to lie
in the same plane. In other words. the transition from
buffered fiber to exposed fiber occurs proximate ramps
88. Accordingly. the height of ramps 88 ‘is approxi-
mately equal to the thickness of the buffer surrounding
the fiber. Ramps 88 may be formed in porch areas 84
although they are preferably formed in plate 74
whereby they lie under plate 76 when the plates are
folded together. Recesses (not shown) may optionally
be provided in extensions 36 and 38, under porches 84,
to allow the porches to be flexed slightly downward,
which further facilitates insertion of the fibers into
splice element 18 and reduces potential skiving along
grooves 86.

The number of V-grooves 82 and 86 in splice element
18 is variable, depending upon the desired application.
Grooves 86 should be aligned with V-grooves 82 when
splice element 18 is folded. to insure proper positioning
of the fibers during the clamping operation. Thus, while
registration of plates 74 and 76 is not as critical as with
some prior art splice devices (since there are no V-
grooves on plate 74 which directly oppose V-grooves

82) 1t is still beneficial to use the aforementioned focus -
- hinge in order to optimize the alignment of grooves 82

and 86.

106 has channel g9 110 therein which allow the seal ant
ment 104. and flow in and around the entrance to
106.

ext endi ng
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that sealant will be directed out of channels 110 when cover 42' is closed.
and al so provides resistance agai nst such closure to prevent accidental

| eakage of the seal - ant. 17 FIG 7 depicts a stacked splice device 10
which utilizes a splice elenent 18 having two |ayers of splices.
10

In the stamping process which creates splice element
18, stop pads 90 are also advantageously formed on both
plates 74 and 76 at the corners of the rectangle defined
by the overlap of the plates. Thess pads are slightly
raised with respect to the otherwise flat inside surface
80 of element 18. In this manner. when element 18 is
folded as in FIG. 1. stop pads 90 provide a clearance
space between plates 74 and 76, facilitating insertion of
the fibers therebetween. Alternative methods of provid-
ing such a clearance space will become apparent t0
those skilled in the art. More importantly, however,
stop pads 90 insure that, when element 18 is actuated
and clamps the fibers, the maximum clamping force is
exerted only along the central width of element 18, and
the clamping force gradually decreases moving from
the center toward the ends of element 18. This gradual
clamping transition has been found to significantly re-
duce signal loss resulting from the deformation of the
fibers, i.e., prior art splice devices exhibited an abrupt
clamping deformation which induced higher losses.

Assembly and operation of splice 10 are both straight-
forward and may best be understood with reference to
FIG. 5. Splice element 18 is placed in slot 26 in a folded
state; in this state, cleararice is still provided by stop
pads 90 to allow insertion of the fibers, so this may be
considered an open state, as opposed to the closed,
clamping state. An index maiching gel is preferably
: deposited near the center of element 18. Wedge 22 is
' then placed adjacent tongue 24, and jacket 14 is snapped

' into cap 16, whereupon wedge 22 becomes disposed
against another ramp 92 formed in the lower portion of
jacket 14. The upper surface of wedge 22 is generally
parallel with plates 74 and 76, while the lower surface of
wedge 22 is paralle] with ramp 92. Tongue 24 is further
supported at its distal end by a shelf 94 formed in the
lower portion of jacket 14, above ramp 92. End covers
40 and 42 may be attached to extensions 36 and 38 at any
time in the assembly process (although they are not
snapped into the closed position until after the fibers
have been spliced). All of the foregoing steps take place
in the factory. and splice 10 is provided to the user in
the state shown in FIG. 1 (less the fiber ribbon).
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Stacked splice elenment 18 nmay be formed of three sepa- rate el enments, but
it is preferably constructed of a single el enment having two integral
hi hges. folded into a Z- shape (accordion-fold). In this manner, the three
sec- tions of the sheet defined by the hinges result in three different
pl ates 114, 115 and 116. It is not necggsary that the two splice |ayers
formed thereby be parallel, but this is preferred to sinplify the wedge
actuation. An alterWahetithe gorshasitdemedwhyd fibereovodee gphiced| e sheet of
mate- rial havingikewsREGR] belstHppes aneRave8hdbordi®ses well-
known methods. In this regard. splice 10 may be used to
splice the fiber ribbons 96a and 966 shown in FIG. 1, or
may be used to splice a plurality of individual, discrete
fibers. Such discrete fibers may be more conveniently
handled by first arranging them side-by-side and apply-
ing a piece of tape or other means to effectively create.
a fiber ribbon. If fiber ribbon is being spliced, the outer
coating which surrounds the mdxv:dual buffered fibers
should also be removed.
Once the fibers or ribbons have been inserted into
body 12, splice 10 may be actuated by longitudinally
sliding wedge 22 toward jacket 14. In this regard, the
_ - term “longitudinal™ refers to movement parallel with -
g the fibers and grooves 82. The sliding action may be
accomplished by simply using a screwdriver or other
tool to push wedge 22 forward. The screwdriver may
be applied to the cutout 98 formed in wedge 22. As
wedge 22 moves forward onto ramp 92, it causes tongue
24 to press against the outer surface of plate 74, clamp-
ing the fibers between plates 74 and ‘76. The width of
tongue 24 is approximately equal to the width of plates
74 and 76. As discussed above, the clamping forces
szradually decreases towards the ends of splice element
18 due to stop pads 90. This effect may bc cnhanccd by

making the lengths of wcdge 22 and tonguc 24 shorter
than the length of plates 74 and 76 so that the clamping
force is applied primarily at the center of splice element
18. and not at its ends. In the preferred embodiment, the
N’ length of that portion of wedge 22 contacting tongue 24
is about one-half the length of plate 76. The use of
tongue 24 also prevents undue deformation of plate 74
which might otherwise occur if wedge 22 were o
contact splice element 18 directly. Wedge 22 provides
excellent mechanical advantages, including high trans-
mission of forces, and the uniform application of force
parallel to plates 74 and 76. Also, due to the coefficient
of friction of the materials used for jacket 14, wedge 22
and tongue 24. actuation means 20 (i.e., wedge 22) is
self-locking. provided it has an angle of less than about
9°. The preferred angle is about §°, Simplicity in the use
of splice 10 is evident from a summary of the above
Steps: stripping and cleaving the fibers, inserting them
into body 12. and sliding wedge 22 forward. A double
wedge (not shown) may be used in lieu of single wedge
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di stance, e.g.,

pl ate inserted therebetween.

50 [err], formng the upper and | ower plates, with a third
A plug 118 having two sets of orlfices 124 is

advant-ageously used to guide a first set of fibers, i.e., every other

fiber, upwards to the top splice |ayer,

and the remaining fibers downwards

to the bottomsplice layer. Guide plug;318 has grooves 120 forned in a
porch area 122 thereof, simlar to porc 84 of elenent 18; grooves 120 help

align the fibers wt gl:ltf.ll c%a %24 com;?lovcrdgeené Q;%\}ﬁ»? &faﬁla grcordion fold

and gui de plug coul € ex

¢ mo (o the. closed, latched position to provide
cmxronmcnml sealing and protect the exposed fibers. In
this regard. legs 100 of the end covers, which rest on
stage areas 102 of porches 84, help keep the fiber ribbon
aligned with splice body 12. i.e., they oppose sideways
bending of the ribbon proximate the entrance to slot 26.
Legs 100 also provide additional sealing of slot 26 since
they are positioned at the sides thereof. Although not
designed for disconnection and reconnection. splice 10
may allow removal of fibers by simply opening end
covers 40 and sliding wedge 22 backward.

Several different materials may be used in the con-
struction of splicé 10. Splice element 18 may be con-
structed from a variety of ductile metals, such as soft
aluminum. The preferred metal is an aluminum alloy
conventionally known as *3003.” having a temper of 0
and a hardness on the Brinnell scale (BHN) of between
23 and 32. Another acceptable alloy is referred to as

*1100.” and has a temper of 0. H14 or H15. Acceptable
tensile strengths vary from 3510 115 megapascals

Other metals and a.l}ovs. or laminates thereof, may be
used in the construction of splice element 18. Such
metals include copper. tin. zinc, lead, indium, gold and
alloys thereof. It may be desirable to provide a transpar-
ent splicing element to facilitate the splicing operation.
In such a case, a clear polymeric material may be used.
Suitable polymers include polyethylene terephthalate,
polyethylene terephthalate glycol, acetate, polycarbon-
ate, polyethersulfone, polyetheretherketone, polye-
therimide, polyvinylidene fluoride, polysuifone, and
copolyesters such as Vivak (a trademark of Sheffield
Plastics, Inc., of Sheffield, Mass.). -

As an alternative to providing a splice element con-
structed of a deformable material. it may instead be
formed of a more rigid material provided that V-
grooves 82 and/or surface 80 are lined with a deform-
able material. The primary requisite is to provide a
material which is softer than the glass comprising the
optical fiber and cladding, and which is ductile under
the clamping pressures applied to the optical fiber. It is
also desirable that the material be elastic at low stress
levels to afford sufficient elasticity to maintain a contin-
ual compressive force on the optical fibers once platcs
74 and 76 have been brought together.

Furthermore. a coating may be applxed to the ductile
material to reduce skiving of the material as the fiber is
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splice elenments having nore than two splice layers. Al though the.invention
has been described with ref- erence to specific enbodinents, this
description is not neant to be construed in a limting sense. Various nodi-
fications of the disclosed enbodinment, as well as alter- native enbodi ments
of the invention, will becone ap- parentz to persons skilled in the art upon
reference to the description of the invention. For exanple, a nmultiple
fiber splice device may be constructed to allow separate term nation of
each fiber set byifeidddi REr ldAMEUA Wfnond-like carbon coating
having a thickness in the range of 0.1 10 0.4 um may be
applied to surface 80 of splice element 18 by vapor
deposition. When element 18 is constructed of the
above-mentioned aluminum material, the preferred
coating takes the form of a thin ancdized layer. Such a
layer provides a surface which is smooth and slippery,
and so greatly reduces the tendency of a sharp fiber
edge to dig in and skive the aluminum, which could also
chip the fiber end face. This invention proceeds con-
trary to conventional wisdom and is distinguished from
the prior art in that it requires anodization of element 18
prior to embossing any surfaces features therein. Pre-
. anodizing was thought to be unfeasible due to the
hed highly brittle nature of aluminum ozide, which would
lead to facturing of the surface during the embossing of
V-grooves; however, testing has shown that, while the
embossed area of the ancdized surface does indeed frac-
ture into many microscopic pieces of irregular shape,
these pieces adhere to or otherwise become embedded
in the softer aluminum substrate, maintaining a protec-
tive skin. There have also been concerns about in-
creased fiber stress due to the hardness of aluminum
oxide, which would add to insertion loss, but studies
have shown that pre-anodizing the element adds only a
negligible amount of stress to fiber, due to yielding of
underlyving soft aluminum substrate, at least for anod-
ized layers having a thickness less than or equal to about
10 um. Also, the skive resistance of the anodized layer
W, ~is preserved after embossing.
Use of the pre-anodizing technique has resulted in
improved splice performance, as indicated by empirical
results. Specxﬁcall» the yield of suitable splices 10 (i.e.,
those having an insertion loss of 0.2 dB or less) in-
creased from 899 to 98%. due to the pre-embossing
anodization. This increase is directly attributable t0 a
decrease in the skiving of the element material during
fiber insertion and the provision of an anodized surface.
Testing has further shown that the thickness of the
anodized layer (prior to embossing) should be in the
range of 2~ 10 um. Greater thicknesses would require a
higher clamping force to achieve the desired pullout
Strenzth due to the hardness of the anodized layer and
consequent decrease in deformation of the V-grooves.
A thickness of about 4 um is deemed opumum with
respect to insertion loss and fiber stress.
This is the replacement sheet
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wedges,

one at each end of splice body 12,

this would allow the

preterm nation of one fiber set in the clanped state. It is therefore
contenpl ated that such nodifica- tions can be made w t hout departing from

the spirit or scope of the present

cl ai nms.

18

14

Besides the resistance to skiving, anodization imparts
several other benefits. Aluminum oxide has nearly the
same index of refraction as glass (1.6-1.7 vs. 1.5) so even
if particles get lodged between fibers, there is no signifi-
cant change in insertion loss. The aluminum oxides also
exhibits excellent adhesion to the base aluminum mate-
rial since it is “grown" from the base material. Color
anodizing may further be used to offer improved ele-
ment surface contrast for ease of fiber placement on
element tray. Finally, with respect to pre-anodizing.
this technique eliminates the need to ship fragile ele-
ments outside the manufacturing plant for anodization
(and to re-ship to the plant for assembly in the splice
package). Instead; pre-anodized aluminum coil stock
may be used, which adds negligible cost to the finished
product. It is also much easier to control the dﬁckx_xcss
of the anodized layer when pre-anodized as strip mate-
rial.

Splice body 12 may be constructed of a variety of
materials, basically any durable material and preferably
one that is injection moldable, although die cast metals

are acceptable. The material should not be too rigid as '

it i desirable to allow the inner walls forming slot 26 to

flex slightly to store excess clamping forces from wedge

22 in order to insure constant clamping force on .thc
fibers during temperature cycling. The preferred injec-
tion moldable material is a 309 glass reinforced liquid
crystal polymer (LCP), such as that sold under the
trademark VECTRA A130 by Hoechst Celanese Corp.
of Summit, N.J.

Due to the box shape of body 12, however, an un-
avoidable knit line forms where the two flow fronts
combine during injection molding. In this process, the
knit line can be located at different places, but not re-
moved, and it significantly reduces the strength and
stiffness of jacket 14 as compared to its thcorctic.al prop-
erties. During actuation of the splice, this knit line may

" yield and reduce the applied clamping force. This prob-

lem is exacerbated during temperature cycling, and may
result in unacceptable loss performance and low fiber
pullout force. In order to minimize this effect, and elimi-
nate stress relaxation, it is beneficial to incorporate a
reinforcing member into splice 10, but without chax}g-
ing the size thereof, since an increase in the splice size

would prevent the splice from fitting into standard

splice organizers. In the present invention, reinforce-
ment is obtained by insert molding a stainless steel tube
126 within jacket 14, as shown in FI(GR R and 0 Th

is is the 1epl
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CLAIMS 1. A device for splicing a first plurality of optical

fibers to a

second plurality of optical fibers, the device conprising: a splice body

having a sl ot therein:
splice body for

actuation neans for clanping said spliyge el enent neans: and

Stainless stesl tube stock with an oversized outer
diameter and an undersized inner diameter is turned to
the d=sired diameter, cut to length. and chamfered_ at
both <nds using a computer-aumerical control (CNC)
lathe. The prepared tube is placed on a support pin, and
both are set in a form die which has the desired outer
profile. A hydraulic press is then used to0 defox_‘m the
tube to the desired shape. The deformed tube is then
loaded onto the mold core for jacket 14, and the tube/-
core assembly lowered into the jacket mold. After in-
jecting the LCP, the mold is opened, the japkct and core
removed, and the core is pulled out of the insert molded
jacket. '

Use of tube 126 has several advantages. Annealed -

stainless steel tubing may easily be pressed to an oval
shape using a simple form die and a hydraulic press.
Alternatively, tubing may be extruded in t%'xe desired
shape. Also, the tube forming and insert molding are not
tolerance-critical. The combination of steel tubmg.wnh
LCP imparts the desirable properties of steel (higher
modulus of elasticity and strength) to a package yvhxch
is very easily molded into an intricate shape. Finally,
greater element clamping force may be developed gnd
maintained without increasing the size of the splice.
This results in improved insertion loss and fiber reten-
tion, particularly during temperature cycling.

The dimensions of splice 10 may vary widely accord:
ing to the desired application. The following (approxi-
mate) dimensions, for the preferred embodu:nent,' are
exemplary only and should not be construed in a hm_1t~
ing sense. The overall length of splice 10 is 38 mm, 1ts
height 6.7 mm and its width 13 mm. The length faf the
main portion of jacket 14 is 14 mm, while projection 28

is about 7.1 mm long and 9.7 mm wide. Cap 14 is 7.6 mm

long, and extensions 36 and 38 are each 8.3 mm long.
Wedge 22 has an overall length of 14 mm, but the length
of the portion contacting tongue 24 is 10 mm. ?he
width of wedge 22 is 6.5 mm, while its maximum thick-
ness is 1.5 mm and its minimum thickness is 0.76 mm.
With respect to splice element 18. several of thf: fol-
lowing approximate dimensions are based on the size of
conventional multiple fiber ribbon cables. The length of

splice elenent nmeans |located in said slot of said
hol ding the first and second plurality of optical

fibers;
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means for reinforcing said splice body, said reinforc- ing neans including
a netdllic tube located inside said body, said tube surrounding said slot.
2.* The device of claim1 wherein: said splice el enent nmeans includes two

pl ate nmenbers form ng opposing surfaces; and said actuation neans conpri ses
wedge neans having first and second pgg tions whereby, when said wedge
means is in said first position, the first and second pluralities of fibers
may be inserted between

plate 74 (including porches 84) is 28 mm. while the
length of plate 76 1s 20 mm. Both plates have a thickness
of 530 um. and stop pads %0 rise 18 pum above surface
80. V-grooves 82, preferably spacad 250 pm apart, are
130 um deep and have a maximum width of 180 um.
Grooves 86. which are approximately trapezoidal in the
preferred embodiment. also have a maximum width of
180 pum, and a minimum width of 120 um, and are 130
um deep. Ramp 88 descends 250 pm, i.e., the upper
surfaces of grooves 86 are 250 pm from surface 80.
Based on the foregoing dimensions, tube 126 should
have an outer cross-sectional width of about 5.59 mm,
N/ an outer cross-sectional length of about 10.2 mm, an
inner cross-sectional width of about 3.95 mm, an outer
cross-sectional length of about 8.58 mm, an outer radius
of curvature of about 2.79 mm and an inner radius of
curvature of about 1.98 mm. These dimensions may be
formed from a circular tube having a outer diameter of
about 8.66 mm and an inner diameter of about 7.01 mm.
Two alternative embodiments and design medifica-
tions are shown in FIGS. 6 and 7. FIG. 6 illustrates a
modified end cover 42" which may be used on both
jacket extension 36 and cap extension 38. End cover 42’
is used to provide additional environmental sealing, by
means of a compartment 104 defined by a wall 106
which is attached to the inner surface of cover 42' by a
living hinge 108. As end cover 42’ is closed, wall 106
, contacts extension 38, causing wall 106 to compress a
A sealant material, which may include index matching gel,
residing in compartment 106. Wall 106 has channels 110
therein which allow the sealant to escape from compart-
ment 104, and flow in and around the entrance to slot
26. A web 112 is preferably integrally formed with wall
106, extending into compartment 104, which assures
that sealant will be directed out of channels 110 when
cover 42’ is closed. and also provides resistance against |
such closure to prevent accidental leakage of the seal-
ant. ' -
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sai d opposing surfaces of said splice element neans and. when said wedge
nmeans: is in said second posi- tion, it applies a clanping force to said
splice el e- nent means, urging said opposing surfaces to- gether. 3. The
device of claim2 wherein each plate menber is formed from al um num and
each said opposing sur- face has an appdi zed | ayer. 4. The device of claim

1 wherein said body is formed of an injection noldable material, and said
tube is insert

FIG. 7 depicts a stacked splice device 10° which
utilizes a splice element 18" having two layers of splices.
Stacked splice element 18’ may be formed of three sepa-
rate elements, but it is preferably constructed of a single
element having two integral hinges, folded into a Z-
shape (accordion-fold). In this manner, the thres sec-
tions of the sheet defined by the hinges result in three
different plates 114, 115 and 116. It is not necessary that
the two splice layers formed thereby be parallel, but this
is preferred to simplify the wedge actuation. An alterna-
tive construction would provide a single sheet of mate-
rial having two parallel hinges separated by a small
distance, e.g., 50 um, forming the upper and lower
plates, with a third plate inserted therebetween. A plug
118 having two sets of orifices 124 is advantageously
used to guide a first set-of fibers, i.e., every other fiber,
upwards to the top splice layer, and the remaining fibers
downwards to the bottom splice layer. Guide plug 118
has grooves 120 formed in a porch area 122 thereof,
similar to porch 84 of element 18; grooves 120 help
align the fibers with orifices 124. 0f course, the use of an
accordion fold and guide plug could be expanded to
splice elements having more than two splice layers.

Although the invention has been described with ref-
erence to specific embodiments, this description is not
meant to be construed in a limiting sense. Various modi-
fications of the disclosed embodiment, as well as alter-
native embodiments of the invention, will become ap-
L parent to persons skilled in the art upon reference to the

description of the invention. For example, a multiple

. fiber splice device may be constructed to allow separate
termination of each fiber set by providing two actuation
wedges, one at each end of splice body 12 this would
allow the pretermination of one fiber set in the clamped
state. It is therefore contemplated that such modifica-
tions can be made without departing from the spirit or
scope of the present invention as defined in the ap-
pended claims. .
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nol ded i nside said body. 5. The device of claim1 wherein said jacket is
formed of an injection noldable naterial. and said tube is insert nol ded

i nside said jacket. 19 6. An elenent for splicing a first optical fiber
to a second optical fiber, the el enent conprising:
18
CLAIMS

1. A device for splicing a first plurality of opucal
fibers to a second plurality of optical fibers, the device
compnising:

a splice body having a slot therein:

splice element means located in said slot of said splice

body for holding the first and second plurality of
optical fibers;

actuation means for clamping said splice element

means: and

means for reinforcing said splice body, said reinforc-

L ing means including a metallic tube located inside
said body, said tube surrounding said slot.
2. The device of claim 1 wherein:
said splice element means includes two plate members
forming opposing surfaces; and .

said actuation means comprises wedge means havn?g
first and second positions whereby, when said
wedge means is in said first position, the first and
second pluralities of fibers may be inserted between
said opposing surfaces of said splice element means
and. when said wedge means is in said second posi-
tion. it applies a clamping force to said splice ele-
ment means. urging said opposing surfaces to-
gether.

3. The device of claim 2 wherein each plate r.nernber
is formed from aluminum. and each said opposing sur-
face has an anodized layer.

4. The device of claim 1 wherein said body is formed
of an injection moldable material, and said tube is insert
molded inside said body. :

5. The device of claim 1 wherein said jacket is fo.rmed
of an injection moldable material. and said tube is insert
molded inside said jacket. -
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a first alum num plate nenber; a second al um num pl ate nmenber adjacent said
first *al um num pl ate nenber, formng a pair of oppos- ing surfaces, one on
each of said plate nenbers, each said opposing surface having an anodi zed

| ayer; and said opposing surface of said first plate nenber hav- ing a
fiber receiving groove therein, said ajedi zed | ayer being fractured al ong
said fiber receiving groove as a result of said groove being fornmed after

6. An element for splicing a first optical fiber t0 2

second optical fiber. the element comprising:

a first aluminum plate member:

a second aluminum plate member adjacent said first
aluminum plate member, forming a pair of oppos-
ing surfaces, one on each of said plate members,
each said opposing surface having an anodized
layer; and -

saxd opposing surface of said first plate member hav-

" ing a fiber receiving groove therein, said anocdized
layer being ‘fractured along said fiber receiving

; groove as a result of said groove being formed after

A | said opposing surfaces have been anodized.
' 7. The element of claim 6 wherein said opposing
surface of said first plate member has a plurality of fiber

receiving grooves, for splicing a first plurality of optical

fibers to a second plurality of optical fibers, said anod-

ized layer of said opposing surface of said first p!atc

member being fractured along cach of said fiber receiv- ' -
ing grooves.

8. The element of claim 6 whcrcm said anodized laycr
has a thickness in the range of 2-10 pm.

9. The element of claim 6 wherein said. anodized laycr
has a thickness of approximately 4 um.

10. The element of claim 6 wherein said aluminum
has a hardness on the Brinnell scale (BHN) of between
23 and 32.

N’ 11. A splice utilizing the clcmcnt of claim 6, the splice
further including:

a splice body having a slot therein, said element lo-

cated in said slot; and

~ actuation means for clamping the fibers between said
plate members and urging said opposing surfaces
together.

12. The splice of claim 11 further compnsmg means
for reinforcing said splice body

[T IIIIII R llII
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sai d opposi ng surfaces have been anodi zed. 7. The elenent of claim®6

wher ei’n sai d opposing surface of said first plate nenber has a plurality

of fi ber receiving grooves, for splicing a first plurality of optical fibers
to a second plurality of optical fibers. said anod- ized | ayer of said
opposi ng surface of said first plate mgyber being fractured al ong each of
said fiber receiv- ing grooves. 8. The elenent of claim6 wherein said
anodi zed | ayer has a thickness in the range of 2-10 [err].

13. A method of manufacturing an element for splic-
ing a first optical fiber to a second optical fiber. com-
prising the steps of:

anodizing a strip of aluminum material;

cutting said strip into first and second plate members,

each having an opposing surface;

embossing a fiber receiving groove in said opposing

surface of said first plate member; and

placing said opposing surfaces of said first and second

members next to each other.

14. A method of manufacturing a splice using the

W, element formed in claim 13, comprising the further
steps of:

locating a splice body having a slot therein, and hav-
ing actuation means for clamping the fibers be-
tween said plate members and urging said opposing
surfaces together: and

inserting said element into said slot.

. 15. The method of claim 14 further comprising the
step of insert molding a reinforcing tube in said splice
body. said tube at least partially surrounding said slot.

16. The method of claim 13 wherein said anodizing
step creates an anodized layer on each said opposing
surface. said layer having a thickness in the range of
2-10 pm. '

17. The method of claim 13 wherein:

said cutting and embossing steps are performed simul-

et taneously by stamping said first and second plate
members from said strip, and where said stamping
step further creates a fold line forming a hinge
which is integral with said first and second plate
members; and
said placing step is achieved by folding said first and
second plate members along said fold line.
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9. The,elenent of claim6 wherein said anodi zed | ayer has a thickness of
approximately 4 [err]. 10. The element of claim6 wherein said alum num has
a hardness on the Brinnell scale (BHN) of between 23 and 32. 11. A splice
utilizing the elenment of claim®6, the splice further including: a splice
body having a slot therein, said el enen2llo- cated in said slot; and
actuation neans for clanping the fibers between said

ABSTRACT

A device for splicing multiple optical fibers includes a novel
splice element having two plates formed from a sheet of aluminium
material, there being a fold line in the sheet forming a hinge,
the two plates being folded towafds one another to define
opposing surfaces. One of the opposing surfaces has several fiber
receiving grooves therein, parallel with the fold line. The
(o aluminum is anodized prior to embossing the fiber receiving
grooves. The element is inserted into the slot of a splice body
formed of an injection moldable material. The splice body maybe
reinforced by insert molding a steel tube therein, surrounding

the slot.

Figure Two
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pl ate nmenbers and urging said opposing surfaces together. 12. The splice of
claim 11 further conprising neans for reinforcing said splice body. 20
13. A nethod of manufacturing an element for splic- ing a first optical
fiber to a second optical fiber. com
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prising, the steps of: anodizing a strip of alum nummaterial; cutting said
strip into first and second pl ate nenbers, each having an opposing surface;
enbossing a fiber receiving groove in said opposing surface of said first
pl ate nmenber; and placing said opposing surfaces of said first and second
nmenbers next to each other. 14. A methog of nmanufacturing a splice using
the elenment fornmed in claim 13, conprising the further

This is the replacement sheet
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steps of: locating a splice body having a slot therein, and hav- ing
actuation neans for clanping the fibers be- tween said plate nenbers and
urgi ng said opposing surfaces together: and inserting said elenent into
said slot. 15. The nethod of claim 14 further conprising the step of insert
mol ding a reinforcing tube in said splixe body, said tube at |east
partially surrounding said slot. 16. The nethod of claim 13 wherein said
anodi zi ng 42
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step creates an anodi zed | ayer on each sai d opposing surface. said | ayer
having a thickness in the range of 2-10 [err]. 17. The nethod of claim 13
wherein: said cutting and enbossi ng steps are performed sinmul- tancously by
stanping said first and second plate nenbers fromsaid strip, and where
said stanping step further creates a foldd line formng a hinge which is
integral with said first and second pl ate nenbers; and
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sal d placing step is achi eved by fol di ng said first and SWCHWSHEH

n‘er’rbers along~said fold line. -
. B Yoat75-5 rros
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Reinforced Multiple Optical Fiber Spice Having Preanodized
Element
ABSTRACT

‘A device for splicing multiple optical fibers includes a novel
'splioe element having two plates formed from a sheet of aluminium
mmmaterlal, there belng a fold llne in the sheet formlng a hinge,
m-the~—two plates belng folded towards one another to define
opposing surfaces. One of the opposing surfaces has several fiber
m;vﬁn.receLVLng grooves therein, parallel with the fold line. The
: ""alum:.num is anodized prior to embossing the fiber receiving |

grooves. The element is lnsertod into the slot of a splice body
formed of an injection moldable material. The splice body mayoe

reinforced by inseit molding a steel tube therein, surrounding

the slot.

Figure Two
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