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OPTICAL FIBER SPLICE

Cross—-references to Related Application

This application is a continuation-in-part of
5 U.S. Patent Application Serial No. 07/692,271 filed April

26, 1991, which is a continuation of U.S. Patent

Application Serial No. 07/437,027, now U.S. Patent No.
5,013,123, which is a continuation-in-part of U.S. Patent
Application Serial No. 07/305,471 (abandoned), which is a

10 continuation of U.S. Patent Application Serial No.
07/182872, now U.S. Patent No. 4,824,197.
Background of the Invention

1. Field of the Invention
The present invention generally relates to

15 devices for optically splicing waveguides such as optical
fibers, and more particularly to a vented, hinged splice
element having improved hinge registratiog and clamping

of the optical fiber.

2. scription of the Prior AEE

20 Splices for optical fibers are known in the

- art. The most critical characteristic of an optical

fiber splice is its insertion loss, i.e., the signal loss

due to misalignment of the fibers, which may occur in

three different manners.
25 faces should abut each other as closely as possible (end

offset).

30 parallel,

right angle, or 0° angle of incidence (axial or angular
Finally, the axes of the fibers should be
transversely aligned to maximize the overlapping surface

offset).

First of all, the fiber end

The provision of a refractive index matching
medium (gel) at the interface may mitigate the effects of
any air space left between the end faces.

35 area between the end faces (lateral or transverse

offset).

This alignment is critical since the diameter
of the central glass core of single mode fibers is only

Secondly, the
fiber axes proximate the interface should be generally
so that light exiting one fiber will strike the
surface of the second fiber as closely as possible to a

laced
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little as 1 um may result in a significant loss.

Several prior art optical fiber splicing
devices attempt to optimize fiber alignment by utilizing
5 a chip or tray having one or more grooves therein which
receive the optical fibers. See, e.g., U.S. Patent Nos.
3,864,018; 4,028,162; 4,046,454; 4,102,561; 4,220,397;
4,730,892; and 4,865,413. The grooves in the substrate
provide a simple method for holding the fibers, which are

10 forcibly held in the grooves by a compression plate or
adjacent groove tray, or by the use of adhesives. The
grooves may be concave or V-shaped. Concave grooves
result in two primary points of contact with the fiber,
while a V-groove with an opposing flat surface provides

15 three points of contact. V-grooves in two opposing trays
result in four points of contact, as shown in figure 4 of
U.S. Patent No. 4,046,454.

Some prior art splices combine the V-groove
concept with a foldable or hinged splice element. See,

20 e.g., U.S. Patent Nos. 4,029,390; 4,254,865; 4,818,055;
and 4,865,412; and Japanese Patent Applications (Kokai)
Nos. 53-26142 and 58-158621. This basic design offers
several advantages, including ease of manufacture (via
stamping), low insertion force (preventing buckling or

25 deformation of the fibers), fiber retention without the
use of adhesives or epoxies, and reusability.

In spite of the foregoing achievements,
however, the mass splicing of “fibers in a reliable, quick
and economic¢ fashion remains a problem. For example,

30 prior art hinged splice elements do not always bend along
the same line on the splice element, and there is a high
rejection rate during production. Without precise
folding of the element, parallel to the fiber receiving
grooves, fiber alignment and retention is affected since

35 it results in inaccurate registration of the two halves
of the splice element, and is especially critical when
the two halves have complimentary V-grooves. It has also



fibers should be transversely aligned to nmaximze the overlapping surface
area between the end faces (lateral or transverse offserT—‘Thls—a#rgnﬂEﬂf—

is critical since the diameter of the central glass core mma et eﬁmﬂ
fibers is only about 8 [err]m so a deviation in axial a ﬁ@ ﬁ

little as 1 [err]mmay result in a significant |oss. Seve
optical fiber splicing devices attenpt to optim ze fi ber
utilizing a chip or tray having one or nore gBooves thereln mhlch receive
the optical fibers. See. e, U S Pat. Nos. 3,864,018; 4,028.162:

4,046, 454: 4, 102b8eh fouwnsh thipt ductjpledpinge elements, such as that

disclosed in U. S Patent No. 4,824,197 (not prior art),

require an annealing step after embossing in order to

provide a hinge which will consistently survive a 180°
5 fold.

The sudden clamping transition near the fiber
interface also causes deformation of the fiber resulting
in more sighal loss than if there were a more gradual
clamping toward the interface.

10 Prior art optical splices also do not
adequately address the optimum geometry for V-groove
designs. For example, in the previously referred to
figure 4 of U.S. Patent No. 4,046,454, the V-grooves have
obtuse angles, meaning that the four points of contact

15 will not be completely symmetrical about the fiber. This
may result in unnecessary transverse offset of the
fibers, leading to greater splice loss. This is also
true for hinged splice elements'wherein a flat surface
compresses the fiber into a 60° V-groove. Since the flat

20 surface is hinged to the grooved surface, and since the
fiber is only partially embedded in the groove, the flat
surface is not parallel to the groove-bearing surface
when the splice element is in its closed, clamping state.
See, e.g., U.S. Patent No. 5,013,123 (this patent Qoes

25 not constitute prior art). Since these two surfaces are
not parallel, the three lines or surfaces contacting the
fiber will not be symmetrically positioned about the
fiber, again adversely affecting transverse offset of the
fiber end faces.

30 One final disadvantage relating to prior art
optical splices concerns the use of a medium for matching
the index of refraction of the two fibers. As mentioned
above, reflective losses may be minimized by placing an
index matching fluid or gel at the fiber interface.

35 Oftentimes, however, this gel has bubbles, contaminants
or other discontinuities which tend to migrate during the
splice operation, and thereafter with temperature



and 4, 865,413._The grooves in the substrate provide a sinple nethod for
holdlng the fibers, which are forcibly held in the grooves by a conpression
pl ate or adjacennn amﬂsfhc laged by the use of adhesives. The grooves nay
be concave or V-s grooves result in two primary points of
contact with the V-groove with an opposing flat surface
provi des three p0|nts o contact V-grooves in two opposing trays result in
four points of contact, as showmn in FIG 4 of#-U. S. Pat. No. 4, 046, 454. Sone

prior art splices conblne t he V-groove concegt .
cycling. Such migration of the gel and microbubbles can

detrlmentally affect the splice quality. It would,
therefore, be desirable and advantageous to devise an
.optical splice element which would obviate any problems

s associated with gel migration, as well as overcome the
aforementioned limitations regarding a predictable hinge
fold line, optimum V-groove geometry, and gradual
clamping of the'splice element.

10 Summary of the Invention
The foregoing objective is achieved in an
optical splice element comprising a thin sheet of
deformable material having on one surface thereof a
notched web forming a focus hinge connecting two leg

15 portions of the sheet, and providing an accurate and
predictable fold line. At least one of the leg portions
has a V-groove embossed therein, and the other of the leg
portions has either another V-groove or a -contact surface
positioned so as to lie adjacent the V-groove on the

20 first leg portion when the legs are folded toward one
another along the fold line defined by the longitudinal
notch. Means are provided to gradually clamp the central
portions of the legs to minimize insertion loss from a
sudden clamping transition.

25 Optimum V-groove geometry is achieved by
offsettlng the angle of the V-grooves with respect to the
plane of the leg, or by offsetting the angle of the
contact surface. The value of the interior angle of the
V-groove(s) depends upon the number of points or lines

30 which will contact the fiber placed in the groove. This
value may be decreased slightly whereby, when the fiber
is clamped between the legs and the ductile surface of
the V-groove deforms, the deformation results-in an
effective angle corresponding to the desired optimum

35 angle. A vent hole is provided at the center of the
splice element to prevent migration of microbubbles in
the index matching gel across the fiber interface.



with a fol dabLe or hinged splice elenent. See, e.g., U 'S Pat. Nos.
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several advanta ase of manufacture (via stanp- ing), |ow
I nsertion force I|ng or defor- mation of the fibers), fiber

retenti on without the use of
-5

Alternatively, sealing rails may be formed on one leg if
the surfaces of the two legs are in intimate contact when
the element is in a closed, clamping state.

5 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
the accompanying drawings, wherein:

10 Figure 1 is a top plan view of the splice
element of the present invention in its unfolded state;

Figure 2 is a side elevational view of the
splice element in its unfolded state, showing the focus
hinge defined by a longitudinal notch;

15 Figure 3 is a side elevational view of the
splice element in its folded state, with a fiber disposed
in the V-grooves;

Figures 4A and 4B are detail diagrams depicting
the angular geometry of the V-grooves and contact

20 surface;

Figure 5 is a detail diagram illustrating the
provision of a smaller V-groove angle to compensate for
the deformation of the ductile surface of the V-groove,
and also showing rails which prov1de sealing of the index

25 matching gel;

Figure 6 is an exploded perspective view of the
complete splice of the present invention, including the
splice body and splice element;

Figure 7 is a bottom plan view of the cap of

30 the splice body of the present invention; and

Figure 8 is a cross-section taken along the
center of the closed splice depicting clamping of the
splice element.

35 Description of the Prefer Embodiment
With reference now to the figures, and in
particular with reference to Figure 1, there is depicted



adhesi ves or epoxies, and reusablllty In spite of the foregoing
_achlevenents hongﬁmwa;ﬂyBe M&QI|C|ng of fibers in a reliable, quick and

econom ¢ fashion r n1 For exanple, prior art hinged splice
el ements do not aI the sanme line on the splice elenent, and
there is a high re r|ng production. Wthout precise fold- ing

of the el enent, paraIIeI to the fi ber receiving grooves, fiber alignnment
and retention is affected since it results 8 naccurate regi stration of

the two halves qfyd NG eRldf o Hh&M051180%18n8RREbbEYLRL! bhESLnehen the
invention. Splice element 10 is somewhat similar to the
splice elements described in U.S. Patent Nos. 4,824,197
and 5,013,123, the disclosures of which are hereby
5 incorporated by reference. Splice element 10 is formed

from a sheet 12 of deformable material, preferably a
ductile metal such as aluminum, although polymeric
materials may also be used, such as polyethersulfone.
Material selection is described further below. Although

10 the term "connector" may be applied to splice element 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

15 construed in a limiting sense since splice element 10 can
indeed allow removal of the spliced fiber.

With further reference to Figure 2, certain
features of splice element 10 are embossed, coined,
stamped or molded into sheet 12. First of all, a groove

20 14 is formed on the outside surface 16 of sheet 12,
extending generally the length of sheet 12. Groove 14 is
centrally located, forming an area of reduced thickness
which defines a hinge that separates sheet 12 into two
identical plate-like members or legs 18 and 20. In one

25 embodiment of the present invention, both of these legs
have V-shaped grooves 22 and 24 embossed on the inside
surface 26 of sheet 12. It should be noted that it is
not necessary for the grooves to have a sharp angle in
order to be considered V-shaped; given the small

30 dimensions involved, the apex of the "V" may be somewhat
curved or even flattened out, but the overall shape is
still generally that of a “"v." V-grooveé 22 and 24 are
generally parallel with groove 14, and equidistant
therefrom, but do not extend the full length of sheet 12.

35 Concave recesses 28 and 30 lie adjacent grooves 22 and
24, respectively, whereby, when legs 18 and 20 are folded
together (as shown in Figure 3), recesses 28 and 30 form



twb hal ves have conplinmentary V-grooves. It has al so been found that
ductile hinge elenents, such as that disclosed in U S. Pat. No. 4,824,197

(not prior art), require an annealing step after eﬂbOSSi'ﬁﬁkdh&tHﬁ@énRﬁced

provi de a hinge which will consistently survive a 180[err den
clanping transition near the fiber inter- face al so causeilBM‘Mﬁﬂ Ff
the fiber resulting in nore signal loss than if there wer a
clanping toward the interface. Prior art opt+zal splices also do not
adequat el y ad-

a lead-in cone for an optical fiber 32.

A key feature of the present invention involves
improvements in the hinge which provide a fold line
allowing precise transverse registration of V-grooves 22

5 and 24. The essential improvement in this regard is the
provision of another groove or notch 34 on surface 26,
opposite groove 14. Notch 34, which preferably takes the
shape of a shallow "V," lies above the centerline of
groove 14. Empirical testing has shown that provision of

10 such a focus hinge 35 provides more accurate'registration
of legs 18 and 20 than if notch 34 were not present, to
within about * 30 um (30). Moreover, the registration is
very predictable and repeatable, making the folding step
non-critical. Focus hinge 35 may be utilized to register

15 any kind of groove, not only those that are V-shaped.
Even if only one of the legs 18 or 20 had a groove
therein, obviating the need for alignment of opposing
grooves, it would still be desirable to use focus hinge
35 to provide optimum registration of recesses 28 and 30

20 in order to form a proper lead-in cone. -

The added predictability in the use of focus

hinge 35 may be further enhanced by cutting or embossing
- groove 14 in such a manner as to form a convex surface 36

on one side of the hinge web 38. This forms a partial

25 Dbend radius at the hinge, and allows hinge Web 38 to be
thicker without hampering the bending qualities. The
increased thickness in turn imparts structural integrity
and, in testing, this hinge has survived full closing and
reopening without failure. The splice elements shown in

30 the previously menticned U.S. Patent Nos. 4,824,197 and
5,013,123 require only a 90° bend at each hinge, but the
hinge in splice element 10 must survive a bend of nearly
180°; the splice elements shown in those patents require
a post-embossing annealing step to survive such a fold,

35 but this is not necessary with focus hinge 35.

Referring now to Figure 3, optical fiber splice
element 10 is depicted in its closed state, clamping a



dress the optimum geonmetry for V-groove designs. For exanple, 7T the—
previously referred to FIG 4 of U S Pat. No. 4, 046445 eﬂ&ﬁ?B AL %¥€s
have obtuse angles, neaning that the four points of c

com pletely symmetrical about the fiber. This may re Bfl sary
transverse offset of the fibers, leading to greater s S is
al so true for hinged splice elenents wherein a flat surface conpresses the
fiber into a 60[err] V-groove. Since the fl1a8<surface is hi nged to the

arooved sur 1ace.« 80tk Sl Sebigeh Lihrb3r 88 Y2P3h 2 YT 'hd o,
Splice element 10 may be preloaded in the folded state
(although not in the closed, clamping state) in an
optical splice connector body such as that shown in U.S.

S Patent No. 4,818,055 (the disclosure of which is hereby
incorporated). Such a splice body includes a base and a
cap. As the cap is moved from an open position to a
closed position, two cam bars slide over legs 18 and 20,
urging them toward one another. It is desirous to

10 provide rounded edges along outéide surface 16 of legs 18
and 20 to facilitate the camming action.

Sheet material 12 should be sufficiently
deformable so as to partially conform to the surface of
optical fiber 32 at the points of contact. In addition

15 to improved signal transmission, this also results in
greater fiber retention and facilitates splicing of two
fibers of differing diameters. Sheet 12 may thérefore be
constructed from a variety of ductile metals, such as
soft aluminum. The preferred metal is an aluminum alloy

20 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, Hl14 or H15. Acceptable tensile
strengths vary from 35 to 115 megapascals.

25 Other metals and alloys, or laminates thereof,
may be used in the construction of sheet 12. Such metals
include copper, tin, zinc, lead, indium, gold and alloys
thereof. It may be desirable to provide a transparent
splicing element to facilitate the splicing operation.

30 In such a case, a clear polymeric material may be used
for sheet 12. Suitable polymers include polyethylene
terephthalate, polyethylene terephthalate glyceol,
acetate, polycarbonate, polyethersulfone,
polyetheretherketone, polyetherimide, polyvinylidene

35 fluoride, polysulfone, and copolyesters such as VIVAK (a
trademark of Sheffield Plastics, Inc., of Sheffield,
Massachusetts). '



to the groove-bearing surface when the splice elenent is in its closed,
clamping state. See, e.g., U S. Pat. No. 5,013,123 (this patent does not

constitute prior art). Since these two surfaces are ThistSh [Beenl Repladed t hr ee
lines or surfaces contacting the fiber will not be sy
positi oned about the fiber, again adversely affect- i { of f set

of the fiber end faces. -3 -~

As an alternative to providing a sheet
constructed of a deformable material, sheet 12 may
instead be constructed of a more rigid material provided
that the V-grooves and contact surfaces are lined or

5 coated with a deformable 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

10 elastic at low stress levels to afford sufficient
elasticity to maintain a continual compressive force on
the optical fibers once legs 18 and 20 have been brought
together. Furthermore, a coating may be applied to the
ductile material to reduce skiving of the material as the

15 fiber is inserted. For example, an obdurate coating
having a thickness in the range of one to two um may be
applied to surface 26 of splice element 10.

The dimensions of sheet 12 may vary

considerably depending upon the application; the

20 following dimensions are considered exemplary and are not
to be construed in a limiting sense. The size of sheet
12 is about 18 mm long by 8 mm wide along the major
edges. For both metal and polymeric materials, the
preferred thickness is about 0.51 mm. The width of notch

25 34 is about 0.56 mm while its maximum depth, measured
from surface 26, is about 0.1 mm. The width of groove 14
is approximately 1.1 mm measured across surface 16, and
0.46 mm measured across hinge web 38; its maximum depth,
measured from surface 16, is about 0.33 mm. Convex

30 surface 36 has a radius of curvature of about 0.39 mm.
Based on the foregoing values, V~grooves 22 and 24 are
preferably placed about 0.9 mm from the fold line defined
by notch 34. V-grooves 22 and 24 should have a maximum
width of about 129 um.

35 Figures 4A and 4B illustrate the novel angular
geometries of the V-grooves used in splice element 10.
As noted in the Description of the Prior Art, prior art



One final disadvantage relating to prior art optical sphHctes coneerns—the-
use of a nediumfor matching the index of refraction of h%m

( . ef r a lsl}m% fibers. As
‘mentioned above, reflective |osses may be mnimzed by p umé ced
‘matching fluid or gel at the fiber interface. Often- tirre?ﬂ ﬁ W S
gel has bubbl es, contam nants or other discontinuities wh
mgrate during the splice operation, and thereafter with tenperature cy-
cling. Such nmigration of the gel and nicroBgBB[es_can detrinental ly affect
the splice qual biideds WAty Wihboved Bo Hoede1ahE kA6 34584 0 d0e0US to
' completely symmetrical fashion, resulting in unnecessary
fiber deformation and greater splice loss. Splice
element 10, in contrast, optimizes the radial alignment
5 of forces impacting the fiber by counterbalancing the
locations of the splice-fiber interfaces. 1In splice
element 10, where legs 18 and 20 are still separated by a
small angle in the closed, clamping state, this is
accomplished by offsetting the V-groove angles with
10 respect to the plane of surface 26. .
In Figure 4A, V-grooves 22 and 24 have interior
right angles, but the angles @ and 8 are not equal.
Rather, they are chosen to complement the angular
separation of legs 18 and 20. Specifically, in the
15 embodiment where legs 18 and 20. are separated by an angle
v of about 6° in the closed, clamping state, the angles «
are about 138°, i.e., the supplementary angles of
inclination are about 42°. The angles 8 are accordingly

about 132°, i.e., the supplementary angles of inclination
20 are about 48°. It can be seen that these angles (for two

opposing V-grooves) are determined by the equations

@ = 135° + y/2, and B = 135° - /2, It would, of course,

be equivalent to make both angles of inclination of one

V-groove 45° and provide the angular offset in the second
25 V-groove, i.e., making its angle ¢ = 135° + ¢, and its

angle B = 135° -~ y. _

In the embodiment of Figure 4B (which is
presently considered to be the preferred embodimeht),
there is only one V-groove 40 with an interior angle of

30 60° (and angles of inclination with respect to surface 26
also of 60°). A complemehtary contact surface 42 is
| provided which has an angular offset § with respect to
surface 26 (contact surface 42 is thus a “groove" as that
term is used in the claims). The angle § is simply 180° -~
35 ¥ (y is again-preferably 6°). Another way of expressing
these constructions is that, even though the two surfaces
26 are not parallel, the points of contact between splice



splice el enent whi ch woul-d—obviate any problenms asso- ciated with gel
mgration, as well as overcoEﬁt hg aforenentioned limtations regarding a

predi ct abl e hi ng&hi@® ﬁ‘ mum V- groove geonetry, and grad- ual

cl anpi ng of the sp \lﬁS ﬁ“ SUMVARY OF THE | NVENTI ON The f oregoi ng

objective is achle splice el enent conprising a thin sheet

of deformable material having on one surfa_s-thereof a notched web form ng

a focus hinge connecting two | eg portions o Yhe sheet, and providing an

accurate and prgibﬁgﬁglio and fiber 32 form an essentially regular
polygon, such as the square 44 in Figure 4A and the
equilateral triangle 46 in Figure 4B. The basic
principle of offsetting the angular geometries of the

5 grooves may also be applied to splices having more than
four contact points. Focus hinge 35 also enhances the
usability of such multiple surface clamps, as well as
grooves having a semicircular cross-section. Optimizing
these geometries also provides improved alignment of

10 different sized fibers.

Upon reference to the'description provided
herein, those skilled in the art will appreciate that,
since the optical fiber may become slightly embedded in a
groove formed of a ductile material, it may be desirable

15 to provide an initial groove angle slightly less than
that ultimately desired for symmetric alignment of the
fiber within the groove. For example, if splice element
10 uses two opposing V-grooves as shown in Figure 43, the
interior groove angles should actually be slightly less

20 than 90°. In this manner, when the fiber is clamped
between legs 18 and 20, the ductile material along the
surfaces of V-grooves 22 and 24 will deform at the points
of contact with fiber 32, yielding an effective angle of
about 90°. In this regard, the term "effective angle"

25 refers to that angle defined by the apex of .the V~groove
and the points of maximum deformation of the ductile
material where it contacts the fiber. Similarly, if the
splice utilizes only one V-groove, as shown in Figure 4B,
the interior angle should be slightly less than 60°.

30 This is further depicted in Figure 5, which
shows a splice element wherein the inner surfaces of the
legs are essentially parallel when the element is in the
closed clamping state. Figure 5 illustrates the
deformation of the V-groove surfaces} and how the initial

35 angle formed in the V-groove differs from the effective
angle which is indicated by dashed lines 47. While the
value of the interior V-groove angle depends primarily on



fold line. At |east -one of thet+eg—portions has a V-groove enbossed
therein, and the other of the Iegﬁportlons has either another V-groove or a

contact surface posihsi ﬁﬁmﬁ 9l i e adj acent the V-groove on the first
| eg por- tion when t | ded toward one anot her along the fold
| i ne defined by the otch Means are provided to gradually
clanp the central portions of thellegs to g%glnize insertion loss froma
sudden cl anp- ing transition. Optinum V-grotVe geonetry is achieved by
of fset- ting tESeaQ%G%ﬂﬁ Jf“ﬁ&éé&ﬂgwﬁétﬁfiglraﬁﬁgﬁtigodggilaced, this
in turn depends upon the malleability of the material
comprising the surfaces of the V-groove and the driving
force which urges fiber 32 into the V-groove. Since a
5 wide variety of materials may be used for splice element
10, and since there are several different mechanisms for
applying the clamping force to the element, it is
impossible to provide a single value for the interior
angle which will result in an optimum effective angle.

10 In the preferred embodiment of Figure 4B, utilizing the
clamping cap described below, an angle in the range of
46°~-59° has been empirically found to approximately yield
the optimum effective V-groove angle of 60°.

‘Referring back to Figure 1, splice element 10

15 preferably has a gel 48 disposed therein which has an
appropriate index of refraction to improve transmission
of light across the fiber-to-fiber interface. Such gels
are conventionally available. As noted in the
Description of the Prior Art, the use of such a gel may

20 result in the detrimental migration of microbubbles or
other contaminants along the fiber-to-fiber interface.
Such migration may be arrested by the provision of a vent
hole 50 near the center of splice element 10. Venting
the area below focus hinge 35, adjacent the fiber

25 interface, eliminates the pressure differential which
‘would otherwise cause gel migration across the interface,
particularly during temperature cycling. Vent hole S0
may be punched into sheet 12 when splice element 10 is
cut out; subsequent embossing of the various grooves and

30 notches typically results in an hourglass shape of vent
hole 50. In the preferred embodiment, vent hole 50 has a
diameter of about 0.76 mm. A longitudinal vent channel
51 may optionally be embossed in surface 26 between vent
hole 50 and grooves 22 and 24 to provide fluid

35 communication between vent hole 50 and the grooves.

As an alternative to providing a vent hole,
means may be provided to block the flow of the index
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r@ﬁe V-groove proximate the fiber interface, rather
than preventing the flow by eliminating any pressure
differentials. For example, in the embodiment of Figure
5, wherein the inner surfaces of the legs are in intimate
contact when the element is in the closed, clamping
state, features may be formed in one or both of the legs
to providing sealing around the V-groove. One such means
is a pair of ribs or rails S2 formed on the surface of
one of the legs. Thus, when the element is closed, rails
52 impinge on the opposing surface, causing slight
deformation thereof, and provide an environmental seal
which prevents gel migration near the fiber interface.

Turning to Figures 6-8, those figures depict
the novel splice body 56 which is used to hold and
actuate splice element 10. Splice body 56 is essentially
identical to the splice body described in U.S. Patent No.
4,818,055, except for the provision of a gradual or
centralized clamping cam as discussed further below.
Splice body 56 includes a cap member 58 and a base member
60. Base 60 has an opening or central cavity 62 therein
for receiving splice element 10, and two side cavities 64
for receiving locking tabs 66 of cap 58. Locking tabs 66
securely attach cap member 58 to base member 60. The end
walls of base 60 further have holes 68 therein which
allow the insertion of the optical fiber into the
preassembled splice.

In addition to locking tabs 66, cap 58 also has
two generally parallel camming bars 70 which extend
perpendicularly into cavityisz and surround splice
element 10. Locking tabs 66 and camming bars 70 are
preferably integrally molded with cap member 58. 1In the
preassembled state, cap 58 is not fully inserted into
base 60, allowing element 10 to remain in a slightly
opened state, with the legs diverging, facilitating
insertion of the optical fiber into the V-grooves
thereof. Then, as cap 58 is forced fully into base 60,

wher eby, when the fiber is clanped between
e of the V-groove deforns, the deformation
results in an effective angle correspondi ngst.o the desired opti num angl e.

A



tively, sealing rails may be formed on one leg if the = -4 - surfaces of

the two legs are in intimte contact when the el ememis shét

scope of the invention are set forth in the appende
itself, how ever, will best be understood by refer
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camming bars 70 forcibly contact legs 18 and 20 of
element 10, forcing them towards one another and clamping

the optical fiber.

ed,

nventi on

The improvement in splice body 56 lies in the
5 gradual thickening of the camming surfaces 72 of camming
bars near their center, as with camming bar 70a shown in

Figure 7, which is a bottom plan view of cap 58.

The

cross-section of Figure 8 is taken at the center of the
actuated splice, and additionally illustrates how camming

10 bars 70 are thinner.at their distal edges 76 than at the
point of attachment to upper plate 74. In other words,
camming bar 70a defines an inwardly facing convex surface
72 where it joins the upper plate 74 of cap member 58.

Alternatively, the camming bars may be much shorter in

15 length than splice element 10, such as camming bar 70b.
In this manner, element 10 is allowed to flex open at its
ends, and there is a gradual clamping of the fiber
towards the center. Both of these constructions have

been found to decrease insertion loss associated with the

20 microbends or deformations of the fiber which are found

in other optical fiber splices. If camming bars such as

70a are used, they are preferably about 18 mm long, and

the minimum distance between the bars, at their center,

is about 1.3 mm. It is understood that gradual clamping

25 may also be achieved if only one of the camming bars is
so curved or thickened, the other having a flat inwardly
facing surface. In the preferréd embodiment, however,
camming bars such as 70b are used and are about 6.4 mm
long, again with a distance between the bars of about 1.3

30 mm. The improved camming bars 70a and 70b may be used
with splice element 10, or with the splice element shown
in U.S. Patent No. 4,818,055, or with other splice
elements requiring the clamping of two opposing legs or

plate-like members.

35 Although the invention has been described with

reference to specific embodiments, this description is

not meant to be construed in a limiting sense. Var

ious



panyt ng drawi ngs, wherein: FIG 1 is a top plan view of the splice el enent
of the. present invention in its unfolded state; FIG 2 is a side
el’‘evational view of the splice element in its unfolded state, showi ng the
focus hinge defined by a longitudinal notch; FIG 3 is a side elevational
view of the splice elenent in its folded state with a fiber disposed in the
V-grooves; FIGS. 4A and 4B are detail diaghgﬂg depi cting the angul ar
geonetry of the V-grooves and contact surface; FIG 5 is a detail diagram

illTustrating the,Pfopist Pndfof the disclosed embodiment, as well as

alternative embodiments of the invention, will become
apparent to persons skilled in the art upon reference to
the description of the invention. For example, splice

5 element 10 may be provided with tabs similar to that
shown in U.S. Patent No. 4,824,197 for securing the
element in a closed state. Splice element 10 may also
contain multiple grooves for splicing more than one fiber
pair. It is therefore contemplated that the appended

10 claims will cover such modifications that fall within the
true scope of the invention.

This Sheet Has Been Replaced
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a smdl | er V-groove angle to conpensate for the defor- mation of the ductile
surface of the V-groove, and al so showi ng rails which provi de seal i ng of

the index match- ing gel; FIG 6 is an expl oded perspectfrh\g@héaaaygaén
com plete splices of t he present invention, including th
splice elenent; FIG 7 is a bottom plan view of the cap o[ H!
of the present invention; and FIG 8 is Cross-section t

center of the closed splice depi cting cT ﬁplng of the splice elenent

I claim:

1. An article for splicing two optical fibers
together, comprising:
a splice element having first and second
5 generally planar leg members, said splice element and leg
members having inside and outside surfaces;
said first leg member having a first groove in
said inside surface;
said second leg member having a second groove
10 in said inside surface; and
focus hinge means for providing a single fold
line along said splice element between said first and
second leg members whereby said first and second grooves
are precisely registered when said splice element is
15 folded along said fold line and said first leg member is
adjacent said second leg member.
2. The article of Claim 1 wherein:
said first groove is V-shaped;
_ said V-shaped groove has inner surfaces formed
20 of a ductile material; and .
said V-shaped groove has an interior angle less
than 60° whereby, when a fiber is clamped in said V-
shaped groove and said inner surfaces thereof deform
against the fiber, said V-shaped groove has an effective
25 angle of about 60°. -
3. The article of Claim 1 wherein:
said first and second leg members are not
parallel when a fiber is clamped between said first and
second grooves;
30 said first groove is V-shaped; and
said second groove has an angular offset with
respect to said inside surface of said second leg member
whereby, when the fiber is clamped between said first and
second grooves, the points of contact between the fiber
35 and said first and second grooves form a generally
regular polygon.

4. The article of Claim 1 wherein said focus

* [ L L} S *



DESCRI PTI ON OF THE PREFERRED EMBODI MENT Wth reference now to the FIGS.

and in_particular with reference to FIG 1, there is depicted the optical
fiber splice element 10 of the present invention. Splice el erpiishdddhsBeen Replaced
somewhat simlar to the splice elenents described in U S. Pat.

4,824,197 and 5,013,123, the disclosures of which are hereby i MBI‘HHMM

by refer- ence. Splice elenent 10 is forned froma sheet 12 of

mat eri al , preferably a ductile netal su€h?3s al um num al t hough pol ymeric
material s

ey ahlnge means comprises:

_ a notch formed in said inside surface of said
splice element, extending essentially the full length of
said splice element; and

5 a third groove formed in said outside surface
of said splice element, aligned with said notch and
extending essentially'the full length of said splice
element. '

5. The article of Claim 2 wherein said interior
10 angle of said V-shaped groove is in the range of 46° to
59¢°,
6. The. article of Claim 4 wherein said notch
and said third groove form a hinge web, said hinge web
having a convex surface along said third grdove.

* c L M s *



used, su___jﬁL4mﬂ4yePheru%fone Mat erial selection is described further

bel ow.. Al t hough the tern1 onnec- tor" may be applied to splice el enent 10,

that ter mThiS ed for devices which are intended to pro- vide
easy connec |“ u nection, as opposed to -5- a splice which is
usual I'y con nt. Never- theless, the term"splice" should not
be construed In a -18- '

7. An article for splicing two optical fibers
together, comprising:

a splice element having a hinge defining first
and second generally planar leg members, said splice

5 element and leg members having inside and outside
surfaces;

said first ieg member having a first, V-shaped
groove in said inside surface;

said second leg member having a second groove

10 in said inside éurface, said second groove being
generally parallel to said first groove, and said first
and second leg members not being parallel when said
splice element is folded along said hinge and a fiber is
clamped between said first and second grooves; and

15 said second groove having an angular offset
with respect to said inside surface of said second leg
member whereby, when the fiber is clamped between said
first and second grooves, the points of contact between
the fiber and said first and second grooves form a

20 generally regular polygon.

8. The article of Claim 7 wherein said hinge
includes focus hinge means providing a fold line along
said splice element between said first and second leg
members, said fold line being generally parallel to said

- 25 first and second grooves, and said focus hinge means
further providing precise registration of said first and
second grooves when said splice element is folded and
said first leg member is adjacent said second leg member.

9. The article of Claim 7 wherein:

30 said V-shaped groove has inner surfaces formed
of a ductile material; and

said V-shaped groove has an interior angle less
than 60° whereby, when a fiber is clamped in said V-
shaped groove and said inner surfaces thereof deform

35 against the fiber, said V—shaped-groove has an effective
angle of about 60°.

A




i mting sense since splice elenent 10 can indeed all ow renoval of the
spliced fiber. Wth further reference to FIG 2, certain features of splice
.element 10 are enbossed, coined, stanped or nolded into sheet 12. First of
“all, a groove 14 is fornmed on the outside surface 16 of sheet 12, extending
gener- ally the Iength of sheet 12. G oove 14-is centrally |o- cated,
formng an area of reduced thickness which de- fines a hinge that separates
sheet 12 into two identical plate-like edbers or | egs 18 and 20. In one

embodi - rent of the presepy 1AENLLofk: ol dfa b Saltudeve

said second groove is also V-shaped; and
said first and second grooves are both
angularly offset from said inside surfaces of said first
5 and second leg members, respectively, whereby, when the
fiber is clamped between said first and second grooves,
there are four contact points between the fiber and said
first and second grooves generally forming a square.
11. The article of Claim 7 wherein said angular
10 offset of said second groove is dependent upon the
approximate angular separation of said first and second
leg members when said splice element is folded along said
hinge and the fiber is clamped between said first and
second grooves.
15 12. The article of Claim 10 wherein:
said first and second V-shaped grooves have
inner surfaces formed of a ductile ﬁaterial; and-
said first and second V-shaped grooves have
interiér angles less than 90° whereby, when a fiber is
20 clamped between said V-shaped grooves and said inner
surfaces thereof deform against the fiber, said V-shaped
grooves each have an effective angle of about 90°.

This Sheet Has Been Reilaced
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- . _—-K
V-shaped grooves 22 and 24 enbossed on the inside surface 26 of sheet 12.

I't should be noted that it is not necessary for the grooves tdhhameﬂmmgggr

angle in order to be considered V-shaped; given the small dlnen

i nvol ved, the apex of the "V' may be sonewhat curved or even fI

but the overall shape is still gener- ally that of a "V." V-groove

24 are generally parallel with groove 14, and equidistant therefrom but do
not extend the full length of sheet 12. )ncave reces- ses 28 and 30 lie

adj acent grooves 22 and ¢4, RRSREEichkVPor SYIANY LU b LS8 APdr&0

are folded to-
together, comprising:

a splice element having a hinge defining first
and second generally planar leg members, said splice
5 element and leg members having inside and outside
surfaces; '
said first leg member having a V-shaped groove
in said inner surface thereof;
said V-shaped groove having inner surfaces
10 formed of a ductile material; and
said V-shaped groove having an interior angle
less than 60° whereby, when a fiber is clamped in said v-
shaped groove and said inner surfaces thereof deform
against the fiber, said V-shaped groove has an effective
i5 angle of about 60°.
14. The article of Claim 13 wherein:
said second leg member has a second groove
therein which is generally parallel to said V-shaped
groove; and
20 said hinge comprises focus hinge means
providing a fold line along said splice element between
said first and second leg members, said fold line being
generally parallel to said V-shaped and second grooves,
and said focus hinge means further providing precise
25 registration of said V-shaped and second grooves when
said splice element is folded and said first leg member
is adjacent said second leg member.
15. The article of Claim 13 wherein:
said second leg member has a second groove
30 therein which is generally parallel to said V-shaped
groove;
said first and second leg members are not
parallel when said splice element is folded along said
hinge and a fiber is clamped between said V-shaped and
35 second grooves; and
said second groove has an angular offset with
respect to said inside surface of said second leg member

AR




gether (as shown in FIG 3), recesses 28 and 30 forma lead-in cone for an
optical fiber 32. A key feature of the present invention involves im
provenents in the hinge which provide a fold line al- |ow ng precise
transverse registration of V-grooves 22 and 24. The essential inprovenent
in this regard is the provision of another groove or notch 34 on surface
26, opposite groove 14. Notch 34, which Qigferably takes the shape of a
shallow "V," lies above the centerline of"groove 14. Enpirical testing has

shown that provhsd Q0! HEH Ehd FHSed 196 Panpe® hEETe R £a 88 CYLEHEPEAY! S-
and second grooves, the points of contact between the
fiber and said V-shaped and second grooves form a
generally regular polygon.

5 17. The article of Claim 14 wherein:

said first and second leg members are not

parallel when said sﬁlice element is folded along said
hinge and a fiber is clamped between said V-shaped and
second grooves; and

10 said second groove has an angular offset with
respect to said inside surface of said second leg member
whereby, when the fiber is clamped between said V-shaped
and second grooves, the points of contact between the
fiber and said V-shaped and second grooves form a

15 generally regular polygon.

This Sheet Has Been Re
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tration of legs 18 and 20 than if notch 34 were not pres-—ent;—to—wthi n—
about .= 30 [err]m (3[err]). Mreover, the registration is VLY B dict apbl e
and repeatable, nmaking the folding step non-critical. Focus at lgced
utilized to register any kind of groove, not only those that m

Even if only one of the legs 18 or 20 had a groove therein,

need for alignnment of opposing grooves, it would still be desirable to use
focus hinge 35 to provide optinun1regF§@Fatibn of reces- ses 28 and 30 in

order Lo Torm a proper Lgadal a6eie: o BS- GHELPhg sl Bbtidns ' Prbligs vse o

together, comprising:
a splice element having first and second
generally planar leg members, said splice element and leg
5 members having inside and outside surfaces;
said inside surface of said first leg member
having a groove with first and second ends, and further
having first and second recesses adjacént said first and
second ends, respectively;
10 said inner surface of said second leg member
having third and fourth recesses; and
focus hinge means providing a fold line along
said splice element between said first and second leg
members, said fold line being generally parallel to said
15 groove, whereby said first and third recesses, and said
second and fourth recesses, respectively, are precisely
registered when said splice element is folded along said
fold line and said first leg member is adjacent said
second leg member, said first and third recesses thereby
20 forming a first lead-in cone, and said second and fourth
recesses thereby forming a second lead-in cone.
19. The article of Claim 18 wherein:
said splice element is formed from a sheet of
ductile material; and
25 said focus hinge means comprises:

a notch formed in said inside surface of
said splice element, said notch being generally
paraliel to said groove and extending the full
length of said splice.element, and

30 a second groove formed in said outside
surface of said splice element and extending
the full length thereof, and aligned with said
notch, said second groove and said notch
forming a hinge web having a convex surface

35 along said second groove.

20. The article of Claim 19 wherein said groove
in said inner surface of said first leg member is V-

* [ L M S *




may Be further enhanced by cutting or enbossing -6- groove 14 in such a
manner.,as to forma convex surface 36 on one side of the hinge web 38. This
ffornB a partial bend radius at the hinge, and allows hinge web 38 to be

t hi cker without hanpering the bending qualities. The increased thickness in
turn inmparts structural integrity and, in testing, this hinge has survived
full closing and —23-

shaped, having ah interior angle not greater than about.
60°; -
said second leg member has a grooved,
complementary contact surface formed in said inner
S surface thereof, between said third and fourth recesses;
and .
said grooved, complementary contact surface is
angularly offset from said inside surface of said second
leg member whereby, when a fiber is clamped between said
10 V-shaped groove and said complementary contact surface,
there are three contact points between the fiber and said
splice element, said contact points generally forming an
equilateral triangle.

T
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reppé&ni.ng without failure. The splice elenents shown in the previously
mentioped U S. Pat. Nos. 4,824,197 and 5,013,123 require only a 90[err]
bend at each hinge, but the hinge in splice elenent 10 nust survive a bend
of nearly 180[err]; the splice elenents shown in those patents require a
post - enbossi ng annealing step to survive such a fold, but this is not
necessary with focus hinge 35. Referrin Ezgom/to FIG 3, optical fiber
splice elenent 10 is depicted in its cl d state, clanping a fiber 32

bet ween V-grooves 22 and 24 of , Q%a%@ 329 +4% pIRd1ERfiEMENt 10 may be.
prel oaded in the folded state

An optlcal fiber splice element comprising a
sheet of ductile material having a novel focus hinge
defining first and second legs, each of the legs having a

5§ V-groove therein for receiving the optical fibers. The
focus hinge, comprising a groove on one side of the
sheet, a notch on the other side of the sheet aligned
with the groove, and a convex hinge web, provides precise
registration of the V-grooves when the sheet is folded;

10 this in turn leads to improved alignment of the fibers.

The V-grooves also have a novel angular geometry which
~optimizes the clamping forces, resulting in lower

insertion loss. The interior angle of the V-grooves is

smaller than the optimum angle whereby, when the fiber is
15 clamped and portions of the V-groove surfaces are _
deformed, the V-groove has an effective angle which is
approximately equal to the optimum angle.

This Sheet Has Been R:

T




t hough not in the closed, clanping state) in an optical splice connector
body such as that shown in U S Pat. No. 4,818,055 (the disclosure of which
is hereby incor- porated). Such a splice body includes a base and a cap. As
the cap is noved froman open position to a closed position, two cam bars
slide over legs 18 and 20, urging themtoward one another. It is desirous
to provide rounded edges al ong outside surface 16 of |egstZl8 and 20 to .
facilitate the camming action. Sheet maj¢fFal 12 should #e sufficientl §0°
def ormabl e so as to par : Lcal fiber/32

N 7N
16 N 4 16
Sheet Has Been Re'ilaced
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at tHe points of contact. In addition to inproved signal transm ssion, this
also results in greater fiber retention and facilitates splicing of two
fibers of differing diame- ters. Sheet 12 may therefore be constructed from
‘a variety of ductile netals, such as soft alumnum The preferred netal is
an al um num al | oy conventlonally known as "3003", having a tenper of 0 and
a hardness on the Brinnell scale (BHN) of betmeen 23 and 32. Anot her
acceptable alloy is referred to as "1100",2#® has a tenper of 0, Hl4 or
H15. Acceptable tensile strengths vary from 35 to 115 negapascal s.

26

A
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O her netals and alloys, or |am nates thereof, may be used in the
construction of sheet 12. Such netals include copper, tin, zinc, |ead,

i hdium gold and alloys thereof. It may be desirable to provide a
transparent splicing elenent to facilitate the splicing operation. In such
a case, a clear polynmeric material may be used for sheet 12. . Suitable

pol ymers include pol yethyl ene terephthal - ate, pol yethQyl ene terephthal ate
gl ycol, acetate, polycar- 58 3/3

s
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-7- bonate, pol yet herstl fone, pol yet her et her ket ong, _ bf" CEMENT RETS SG'S
pol'yvinylidene fluoride, polysulfone, and copolyest¥® £ r's sUb}hf‘"as’fi’WW’A‘K togpaged .12,
' tr aflenariERIASHBT SHEETS Pl assGes, | nc., of Sheffi ek d‘/ MBYRH 5 As a.f?géiﬂt'éirtﬁamfigvé.f-
to pRbwighipgen - sheel. 1caaphidct gd. of a def or mabl e peidpizaing(ehepaged 2ertaypaged %2
i nsi;gadxap@(spon- Akl uet ad Qi@ pgorle rigid mat eri al | pFoviuied t hagagedhe\o paged ..o

3gro@ye§‘§p%% gon 9&"§¥ﬂ£ Gay ame flined or copted %Ath a defornable
thaﬁg’tAt}gs aﬁﬁc r| sin §9 He OPTICAL FIBER SPLT'“ B
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Cross-references to Related Application

This application is a continuation-in-part of
5 U.S. Patent Application Serial No. 07/692,271 filed April
26, 1991, which is a continuation of U.S. Patent
Application Serial No. 07/437,027, now U.S. Patent No.
5,013,123, which is a .continuation-in-part of U.S. Patent
Application Serial No. 07/305,471 (abandoned), which is a
10 continuation of U.S. Patent Application Serial No.
07/182872, now U.S. Patent No. 4,824,197.
Background of the Invention

Field of the Invention

The present invention generally relates to

15 devices for optically splicing waveguides such as optical
fibers, and more particularly to a vented, hinged splice
element having improved hinge registration and clamping
of the optical fiber.

2, Description of the Prior Art .

20 Splices for optical fibers are known in the
art. The most critical characteristic of an optical
fiber splice is its insertion loss, i.e., the signal loss
due to misalignment of the fibers, which may occur in
three different manners. First of all, the fiber end

25 faces should abut each other as closely as possible (end
offset). The provision of a refractive index matching
medium (gel) at the interface may mitigate the effects of
any air space left between the end faces. Secondly, the
fiber axes'proximate the interface should be generally

30 parallel, so that light exiting one fiber will strike the
surface of the second fiber as clbsely as possible to a
right angle, or 0° angle of incidence (axial or angular
offset). Finally, the axes.of the fibers should be
transversely aligned to maxiﬁize the overlapping surface

35 area between the end faces (lateral or transverse
offset). This alignment is critical since the diameter
of the central glass core of single mode fibers is only

| This is tlae replacomnt sheet
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optical fiber and cladding, and which is ductile under~the clanping
preessures applied to the optical fiber. It is also deS|rabIe that the
material be elastic at |ow stress levels to afford suf T4 cgdy t O
mai ntain a contin- ual conpressive force on the optlcal gs 18
and 20 have been brought together. Furthernore, a coat| ed to
‘the ductile material to reduce skiving of the material as the f|ber
inserted. For exam ple, an obdurate coating“having a thickness in the

range of one to el i) T LAY R h WACH 3 GrHentP o gse! ement

little as 1 um may result in a significant loss.
Several prior art optical fiber splicing
devices attempt to optimize fiber alignment by utilizing
5 a chip or tray having one or more grooves therein which
receive the optical fibers. See, e.g., U.S. Patent Nos.
3,864,018; 4,028,162; 4,046,454; 4,102,561; 4,220,397;
4,730,892; and 4,865,413. The grooves in the substrate
provide a simple method for holding the fibers, which are

10 forcibly held in the grooves by a compression plate or
adjacent groove tray, or by the use of adhesives. The
grooves may be concave or V-shaped. Concave grooves
result in two primary points of contact with the fiber,
while a V-groove with an opposing flat surface provides

15 three points of contact. V-grooves in two opposing trays
result in four points of contact, as shown in figure 4 of
U.S. Patent No. 4,046,454.

Some prior art splices combine the V-groove
concept with a foldable or hinged splice element. See,

20 .e.g., U.S. Patent Nos. 4,029,390; 4,254,865; 4,818,055;
and 4,865,412; and Japanese Patent Applications (Kokai)
Nos. 53-26142 and 58-158621. This basic design offers
several advantages, including ease of manufacture (via
stamping), low insertion force (preventing buckling or

25 deformation of the fibers), fiber retention without the
use of adhesives or epoxies, and reusability.

In spite of the foregoing achievements,
however, the mass splicing of fibers in a reliable, quick
and economic fashion remains a problem. For example,

30 prior art hinged splice elements do not always bend along
the same line on the splice element, and there is a high
rejection rate during production. Without precise
folding of the element, parallel to the fiber receiving
grooves, fiber alignment and retention is affected since

35 it results in inaccurate registration of the two halves
of the splice element, and is especially critical when
the two halves have complimentary V-grooves. It has also

'[his is the replacemeht sheet
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The di nensi-ens—ef—sheet—12—ay vary consi derably dependi ng upon the

appllcation',g#e ol.lo 'q $inen- sions are considered exenplary and are
not to be < 4 “imiting sense. The size of sheet 12 is about 18
nm | ong by f the maj or edges. For both netal and polyneric
materials, t hi ckness is about 0.51 mm The width of notch 34

i's about 0.56 mMmwhile its maxi num depth, neasured fromsurface 26, is
about 0. 1 mm The width of groove 14 is approxi- mately 1.1 mm neasur ed

across surface 16, and 0.46 mm neasyred across_hin Do [
dept h, been found that ductf&e hfhge elemeg%svegu% ’Jé”%hg&¥lnum

disclosed in U.S. Patent No. 4,824,197 (not prior art),

require an annealing step after embossing in order to

provide a hinge which will consistently survive a 180°
5 fold. '

The sudden clamping transition near 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.

10 Prior art optical splices also do not
adequately address the optimum geometry for V-groove
designs. For example, in the previously referred to
figure 4 of U.S. Patent No. 4,046,454, the V-grooves have
obtuse angles, meaning that the four points of contact

15 will not be completely symmetrical about the fiber. This
may result in unnecessary transverse offset of the
fibers, leading to greater splice loss. This is also
true for hinged splice elements.wherein a- flat surface
compresses the fiber into a 60° V-groove. Since the flat

20 surface is hinged to the grooved surface, .and since the
fiber is only partially embedded in the groove, the flat

_surface is not parallel to the groove-bearing surface
when the splice element is in its closed, clamping state.
See, e.g., U.S. Patent No. 5,013,123 (this patent does

25 not constitute prior art). Since these two surfaces are
not parallel, the three lines or surfaces contacting the
fiber will not be symmetrically positioned about the
fiber, again adversely affecting transverse offset of the
fiber end faces.

30 One final disadvantage relating to prior art
optical splices concerns the use of a medium for matching
the index of refraction of the two fibers. As mentioned
above, reflective losses may be minimized by placing an
index matching fluid or gel at the fiber interface.

35 Oftentimes, however, this gel has bubbles, contaminants
or other discontinuities which tend to migrate during the
splice operation, and thereafter with temperature
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measured fromsurface 16, is about 0.33 nm Convex surface 36 has. a ragds
of. curvature of about 0.39 mm Based on the foregoi ng7val ues, V-grooves 22
and 24 are preferably placed about 0.9 mmfromthe fol dpli $@etties Beks

cy
‘notch 34. V-grooves 22 and 24 should have a nmaxi mum w dtqmm ﬁ“um
e
c

[err]m FIGS. 4A and 4B illustrate the novel angular geo
V-grooves used in splice elenent 10. As noted i n the Des on of the
Prior Art, prior art splices haV|ng \Lgrooves ‘do not clanp the fiber in a

Conpletely synne%&%&qutasgh%% mi gﬂfé1 'f1éﬁgua§ ‘and microbubbles can
detrimentally affect the splice quality. It would,
therefore, be desirable and advantageous to devise an
optical splice element which would obviate any pfoblems

5 associated with gel migration, as well as overcome the
aforementioned limitations regarding a predictable hinge
fold line, optimum V-groove geometry, and gradual
clamping of the splice element.

10 Summary of the Invention
The foregoing objective is achieved in an

optical splice element comprising a thin sheet of
deformable material having on one surface thereof a
notched web forming a focus hinge connecting two leg

15 portions of the sheet, and providing an accurate and
predictable fold line. At least one of the leg portions
has a V-groove embossed therein, and the other of the leg
portions has either another V-groove or a -contact surface
positioned so as to lie adjacent the V-groove on the

20 first leg portion when the legs are folded toward one
another along the fold line defined by the longitudinal
notch. Means are provided to gradually clamp the central
portions of the legs to minimize insertion loss from a
sudden clamping transition.

25 Optimum V-groove geometry is achieved by
offsetting the angle of the V-grooves with respect to the
plane of the leg, or by offsetting the angle of the
contact surface. The value of the interior angle of the
V-groove(s) depends upon the number of points or lines

30 which will contact the fiber placed in the groove. This
value may be ‘decreased slightly whereby, when the fiber
is clamped between the legs and the ductile surface of
the V-groove deforms, the deformation results in an
effective angle corresponding to the desired optimum

35 angle. A vent hole is provided at the center of the
splice element to prevent migration of microbubbles in
the index matching gel across the fiber interface.
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sary fiber deformationmand greater splice loss. Splice elenent 10, in
contrast, optiniqﬁssﬁgﬁﬁ& di-als al.i gnment of forces inpacting the fiber by
count er bal anci ng [ "t he splice-fiber interfaces. In splice

el ement -8- 10, mﬁﬂr!ﬁ and 20 are still separated by a snal

.angl e in the cl osedstig] L ate, this is acconplished by offsetting the
‘V-groove angles with respect to the 5

Alternatively, sealing rails may be formed on one leg if
the surfaces of the two legs are in intimate contact when
the element is in a closed, clamping state.

5 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
the accompanying drawings, wherein:

10 Figure 1 is a top plan view of the splice
element of the present invention in its unfolded state;

Figure 2 is a side elevational view of the
splice element in its unfolded state, showing the focus
hinge defined by a longitudinal notch;

15 ' Figure 3 is a side elevational view of the
splice element in its folded state, with a fiber disposed
in the V-grooves;

Figures 4A and 4B are detail diagrams depicting
the angular geometry of the V-grooves and contact

20 surface;

Figure 5 is a detail diagram illustrating the
provision of a smaller V-groove angle to compensate for
the deformation of the ductile surface of the V-groove,
and also shoﬁing rails which provide sealing of the index

25 matching gel; '

Figure 6 is an exploded perspective view of the
complete splice of the present invention, including the
splice body and splice element;

Figure 7 is a bottom plan view of the cap of

30 the splice body of the present invention; and

Figure 8 is a cross-section taken along the
center of the closed splice depicting clamping of the
splice element. | .

35 Description of the Preferred Embodiment
With reference now to the figures, and in

particular with reference to Figure 1, there is depicted
This is the replacemsnt shoe
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pl arre of surface 26. In FIG 4A V- scgqlgﬁaggee@ laced have interior right
angl es, but the angles a and [err] at her, they are chosen
to conpl enment the angul ar separatlon ﬂ E 20. Specifically, in

t he enmbodi nent where | egs 18 and 20 y an angle y of about
6[err] in the closed, clanping state, the angles a are about 138[err],

I.e., the supplenentary angles of inclinatiqn are about 42[err]. The angl es
[err] are accordingly about 132[err], i.e. ~Sthe suppl ement ary angl es of

inclination are out re Lt 835 .8e h e for two
opposi ng V-groo&§§) t Li Lber sp $c8Cel men& f& P EﬁeaBQLEEnE

invention. Splice element 10 is somewhat similar to the

splice elements described in U.S. Patent Nos. 4,824,197
and 5,013,123, the disclosures of which are heréby

5 incorporated by reference. Splice element 10 is formed
from a sheet 12 of deformable material, preferably a
ductile metal such as aluminum, although polymeric
materials may also be used, such as polyethersulfone.
Material selection is described further below. Although

10 the term "“connector" may be applied to splice element 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

15 construed in a limiting sense since splice element 10 can
indeed allow removal of the spliced fiber.

With further reference to Figure 2, cértain
features of splice element 10 are embossed, coined,
stamped or molded into sheet 12. First of all, a groove

20 14 is formed on the outside surface 16 of sheet 12,
extending generally the length of sheet 12. Groove 14 is
centrally located, forming an area of reduced thickness
which defines a hinge that separates sheet 12 into two
identical plate-like members or legs 18 and 20. In one

25 embodiment of the present invention, both of these legs
have V-shaped grooves 22 and 24 embossed on the inside '
surface 26 of sheet 12. It should be noted that it is
not necessary for the grooves to have a sharp angle in
order to be considered V-shaped; given the small

30 dimensions involved, the apex of the "V" may be somewhat
curved or even flattened.oﬁt, but the overall shape is
still generally that of a "V." V-grooves 22 and 24 are
generally parallel with groove 14, and equidistant
therefrom, but do not extend thé full length of sheet 12.

35 Concave recesses 28 and 30 lie adjacent grooves 22 and
24, respectively, whereby, when legs 18 and 20 are folded

together (as shown in Figure 3), recesses 28 and 30 form
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. -_—
are determned by the equations a= 135[err] + [err]/2, and [err] =135[err]

- Jerr]/2. It would, of course, be equivalent to nmake bothis Shesy HBeof Repiaced
i nclination of one V-groove 45[err] and provide the angul [ e
second V-groove, i.e., making its angle a = 135[err] + [vevt QTWH!‘@W@ e
[err] = 135[err] - [err]. In the enbodinment of FIG 4B (which TS tly

considered to be the preferred enbodinent), there is only one V-groove 40
with an interior angle of 60 (and angl es of-4mclination with respect to
surface .26 alsoaofle [err]). A _conplenentary cqontact surface 42 is provided

ag-ln cone for an optical fiber 32.

A key feature of the present invention involves
improvements in the hinge which provide a fold line
allowing precise transverse registration of V-grooves 22

5 and 24. The essential improvement in this regard is the
provision of another groove or notch 34 on surface 26,
opposite groove 14. Notch 34, which preferably takes the
shape of a shallow "V," lies above the centerline of
groove 14. Empirical testing has shown that provision of

10 such a focus hinge 35 provides more accurate registration
of legs 18 and 20 than if notch 34 were not present, to
within about + 30 um (30). Moreover, the registration is
very predictable and repeatable, making the folding step
non-critical. Focus hinge 35 may be utilized to register

15 any kind of groove, not only those that are V-shaped.
Even if only one of the legs 18 or 20 had a groove
therein, obviating the need for alignment of opposing
grooves, it would still be desirable to use focus hinge
35 to provide optimum registration of recesses 28 and 30

20 in order to form a proper lead-in cone.

The added predictability in the use of focus
hinge 35 may be further enhanced by cutting or embossing
groove 14 in such a manner as to form a convex surface 36
on one side of the hinge web 38. This forms a partial

25 bend radius at the hinge, and allows hinge web 38 to be
thicker without hampering the bending qualities. The
increased thickness in turn imparts structural integrity
and, in testing, this hinge has survived full closing and
reopening without failure. The splice elements shown in

30 the previously mentioned U.S. Patent Nos. 4,824,197 and
5,013,123 require only a 90° bend at each hinge, but the
hinge in splice element 10 must survive a bend of nearly
180°; the splice elements shown in those patents require
a post-embossing annealing step to survive such a fold,

35 but this is not necessary with focus hinge 35.

- Referring now to Figure 3, optical fiber splice
element 10 is depicted in its closed state, clamping a
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whi ch has an angul ar offset 8 with respect to surface 26 (contact surface
IS thus TansSﬂceoHasélbem pldedt termis used in the clains). The angle 8 is

42 is
“sinply 180[ e is again preferably 6[err]). Another way of
iexpressing t ions is that, even though the two surfaces 26 are
“not parallel e p0|nts of contact betmeen splice elenent 10 and fiber 32
form an essentlally regul ar poly- gon, such ag the square 44 in FIG 4A and
the equilat- eral triangle 46 in FIG 4B. The®basic principle of offset-
ting the angul arg ?ﬁé’?eiﬁ'ﬁ @Lehh’é §aaves BY S D LAPPEYEY16 Carik! 2685

havi ng nore than Tour
Splice element 10 may be preloaded in the folded state

(although not in the closed, clamping state) in an
optical splice connector body such as that shown in U.S.
5 Patent No. 4,818,055 (the disclosure of which is hereby
incorporated). Such a splice body includes a base and a
cap. As the cap is moved from an open position to a
closed position, two cam bars slide over legs 18 and 20,
urging them toward one another. It is desirous to

10 provide rounded edges along outéide surface 16 of legs 18
and 20 to facilitate the camming action.

Sheet material 12 should be sufficiently
deformable so as to partially conform to the surface of
optical fiber 32 at the points of contact. In addition

15 to improved signal transmission, this also results in
greater fiber retention and facilitates splicing of two
fibers of differing diameters. Sheet 12 may théerefore be
constructed from a variety of ductile metals, such as
soft aluminum. The preferred metal is an aluminum alloy

20 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 35 to 115 megapascals.

25 Other metals and alloys, or laminates thereof,
may be used in the construction of sheet 12. Such metals
include copper, tin, zinc, lead, indium, gold and alloys
thereof. It may be desirable to provide a transparent
splicing element to facilitate the splicing operation.

30 In such a case, a clear polymeric material may be used
for sheet 12. Suitable polymers include polyethylene
terephthalate, polyethylene terephthalate glycol,
acetate, polycarbonate, polyethersulfone,
polyetheretherketone, polyethefimide, polyvinylidene

35 fluoride, polysulfone, and copolyesters such as VIVAK (a
trademark of Sheffield Plastics, Inc., of Sheffield,
Massachusetts).
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Focus hi nge 35 al so enhances t ha 4salial Bl R&flacsiCh mul - tiple surface

cl anps, as well as grooves havi ul ar cross-section.
OQptim zi ng these geonetries al sqmmm&m‘ﬂ oved alignnent of different
sized fibers. Upon reference to Xt n provided herein, those
skilled in the art will appreciate that, since the optical fiber may becone
slightly enbedded in a groove forned of a ductile material, it nmay be

desirable to provide an initial groove angT%'inghtIy | ess than that
ultimately desired for sy}(gngr{ 'a?d:aéﬂr%m t%f ptr% ifdiil?x%r aWisth%ieQ: t he groove.
For exanple, if splice elenen
constructed of a deformable material, sheet 12 may
instead be constructed of a more rigid material provided
that the V-grooves and contact surfaces are lined or
5 coated with a deformable 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 pressu;es applied to the
optical fiber. It is also desirable that the material be
10 elastic at low stress levels to afford sufficient
elasticity to maintain a continual compressive force on
the optical fibers once legs 18 and 20 have been brought
together. Furthermore, a coating may be applied to the
_ ductile material to reduce skiving of the material as the
15 fiber is inserted. For example, an obdurate coating
having a thickness in the range of one to two pm may be
applied to surface 26 of splice element 10.
The dimensions of sheet 12 may vary
considerably depending upon the application; the
20 following dimensions are considered exemplary and are not’
to be construed in a limiting sense. The size of sheet
12 is about 18 mm long by 8 mm wide along the major
edges. For both metal and polymeric materials, the
preferred thickness is about 0.51 mm. The width of notch
25 34 is about 0.56 mm while its maximum depth, measured
from surface 26, is about 0.1 mm. The width of groove 14
is approximately 1.1 mm measured across surface 16, and
0.46 mm measured across hinge web 38; its maximum depth,
measured from surface 16, is about 0.33 mm. Convex
30 surface 36 has a radius of curvature of about 0.39 mm.
Based on the foregoing values, V-grooves 22 and 24 are
preferably placed about 0.9 mm from the fold line defined
by notch 34. V-groovés 22 and 24 should have a maximum
width of about 129 um.
35 Figures 4A and 4B illustrate the novel angular
geometries of the V-grooves used in splice element 10.
As noted in the Description of the Prior Art, prior art
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angl es should actually be slightly |less than 90. , when the
fiber is clanped between |l egs 18 and 20, the duc along t he
surfaces of V-grooves 22 and 24 will| deform at t ontact with
fiber 32, yielding an effective angle of about 90[err] In thls Hegard t he
. term"effective angle" refers to that anglg&&kﬁi ned by the apex of the

uses two opposing V-grooves as shown in FIG 4PFhlstsh€etHasHe£Hl§ﬁta&H gr oove

splices having V-grooves do not clamp the fiber in a
completely symmetrical fashion, resulting in unnecessary
fiber deformation and greater splice loss. Splice
element 10, in contrast, optimizes the radial alignment

5 of forces impacting the fiber by counterbalancing the
locations of the splice-fiber interfaces. In splice
element 10, where legs 18 and 20 are still separated by a
small angle in the closed, clamping state, this is
accomplished by offsetting the V-groove angles with

10 respect to the plane of surface 26.

In Figure 4A, V-grooves 22 and 24 have interior
right angles, but the angles a and 8 are not equal.
Rather, they are chosen to complement the angular
separation of legs 18 and 20. Specifically, in the

15 embodiment where legs 18 and 20. are separated by an angle
vy of about 6° in the closed, clamping state, the angles «
are about 138°, i.e., the supplementary angles of
inclination are about 42°. The angles 8 are accordingly
about 132°, i.e., the supplementary angles of inclination

20 are about 48°., It can be seen that these angles (for two
opposing V-grooves) are determined by the equations
¢ = 135° + /2, and B = 135° - y/2. It would, of course;
be equivalent to make both angles of inclination of one
V-groove 45° and provide the angular offset in the second

25 V-groove, i.e., making its angle a = 135° + 'y, and its
angle 8 = 135° - «.

In the embodiment of Figure 4B (which is
presently considered to be the preferred embodiment),
there is only one V-groove 40 with an interior angle of

30 60° (and angles of inclination with respect to surface 26
also of 60°). A complementary contact surface 42 is
provided which has an angular offset § with respect to
surface 26 (contact surface 42 is thus a "groove" as that
term is used in the claims). The angle § is simply 180° -

35 v (y is again preferably 6°). Another way of expressing
these constructions is that, even though the two surfaces
26 are not parallel, the points of contact between splice
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V-groove and the points of maxi num deformation of the ducti].e [

where it contacts the fiber. Sini- larly, if the splice utilh EHGRL bédh Replaced
V-groove, as shown in FIG 4B, the interior angle should be E

than 60[err]. This is further depicted in FIG 5, which sho

el ement wherein the inner surfaces of the legs are essentially parallel

when the elenent is in the closed clanping-ghate. FIG S5 illustrates the
def ormati on of the V-groove surfaces, and how the initial angle forned in
the V-groove didiement roon dhe elibeet bre fangl @anvdsdentsially regular

polygon, such as the square 44 in Figure 4A and the
equilateral triangle 46 in Figure 4B. The basic
principle of offsetting the angular geometries of the

5 grooves may also be applied to splices having more than
four contact points. Focus hinge 35 also enhances the
usability of such multiple surface clamps, as well as
grooves having a semicircular cross-section. Optimizing
these geometries also provides improved alignment of

10 different sized fibers.

Upon reference to the.description provided
herein, those skilled in the art will appreciate that,
since the optical fiber may become slightly embedded in a
groove formed of a ductile material, it may be desirable

15 to provide an initial groove angle slightly less than
that ultimately desired for symmetric alignment of the
fiber within the groove. For example, if splice element
10 uses two opposing V-grooves as shown in_Figure 4A, the
interior groove angles should actually be slightly less

20 than 90°. In this manner, when the fiber is clamped
between legs 18 and 20, the ductile material along the
surfaces of V-grooves 22 and 24 will deform at the points
of contact with fiber 32, yielding an effective angle of
about 90°. In this regard, the term "effective angle"

25 refers to that angle defined by the apex of -the V-groove
and the points of maximum deformation of the ductile
material.where it contacts the fiber. Similarly, if the
splice utilizes only one V-groove, as shown in Figure 4B,
the interior angle should be slightly less than 60°.

30 This is further depicted in Figure 5, which
shows a splice element wherein the inner surfaces of the
legs are essentially parallel when the element is in the
closed clamping state. Figure 5 illustrates the
deformation of the V-groove surfaces, and how the initial

35 angle formed in the V-groove differs from the effective
angle which is indicated by dashed lines 47. While the
value of the interior V-groove angle depends primarily on
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i ndi cated by dashed lines 47. Wil ermhmxecxalaubeemRe I nterior V-groove
.angl e depends primarily on the anDunt terlal which is

di spl aced, this in turn depends upon ty of the material com
prising the surfaces of the V-groove an e dr|V|ng force which urges
fiber 32 into the V-groove. Since a w de varlety of materials may be used
for splice elenment 10, and since there are.ggweral different nechanisns for
applying the clanping force to the elenent, it is inpos- sible to provide a
si ngl e val ue fothehamonner iofr dawedia evmateriidl whdzl tis Miaplapiedijunthis

effective anglein'@uEgedepends upon the malleability of the material
comprising the surfaces of the V-groove and the driving

force which urges fiber 32 into the V-groove. Since a

5 wide variety of materials may be used for splice element
10, and since there are several different mechanisms for
applying the clamping force to the element, it is
impossible to provide a single value for the interior
angle which will result in an optimum effective angle.

10 In the preferred embodiment of Figure 4B, utilizing the
clamping cap described below, an angle in the range of
46°~-59° has been empirically found to approximately yield
the optimum effective V-groove angle of 60°.

Referring back to Figure 1, splice element 10

15 preferably has a gel 48 disposed therein which has an
appropriate index of refraction to improve transmission
of light across the fiber-to-fiber interface. Such gels
are conventionally available. As noted in the
Description of the Prior Art, the use of such a gel may

20 result in the detrimental migration of microbubbles or
other contaminants along the fiber-to-fiber interface.
Such migration may be arrested by the provision of a vent
hole 50 near the center of splice element 10. Venting
the area below focus hinge 35, adjacent the fiber

25 interface, eliminates the pressure differential which
would otherwise cause gel migration across the interface,
particularly during temperature cycling. Vent hole 50
may be punched into sheet 12 when splice element 10 is
cut out; subsequent embossing of the various grooves and

30 notches typically results in an hourglass shape of vent
hole $0. In the preferred embodiment, vent hole 50 has a
diameter of about 0.76 mm. A longitudinal vent channel
51 may optionally be embossed in surface 26 between vént
hole 50 and grooves 22 and 24 to provide fluid

35 communication between vent hole 50 and the grooves.

As an alternative to providing a vent hole,
means may be provided to block the flow of the index
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preferred embodi menty,;0&neEliGs B&BRestickd | Zi Ng the clanp- ing cap described
below, an angle int ' err]-59[err] has been enpirically found
to approxi mately vyi e[ﬁl{NMBHﬂl ef fective V-groove angle of 60[err].
Referring back to FI h enent 10 prefera- bly has a gel 48

di sposed therein which has an appropri- ate index of refraction to inprove
transm ssion of light across the fiber-to~fiBber interface. Such gels are

conven- tionally ayail able. As noted in the Description of the Prior Art,
the use of suc#&f%&ﬁnQﬂﬁf 'e§HF3 A% Provdeing. anparziiey @nagidher side

m crobubbl es orofotther Vegniodvie proximate the fiber interface,  rather
than preventing the flow by eliminating any pressure
differentials. For example, in the embodiment of Figure

5 5, wherein the inner surfaces of the legs are in intimate
contact when the element is in the closed, clamping
state, features may be formed in one or both of the legs
to providing sealing around the V-groove. One such means
is a pair of ribs or rails 52 formed on the surface of

10 one of the legs. Thus, when the element is closed, rails
52 impinge on the opposing surface, causing slight
deformation thereof, and provide an environmental seal
which prevents gel migration near the fiber interface.

Turning to Figures 6-8, those figures depict

15 the novel splice body 56 which is used to hold and
actuate splice element 10. Splice body 56 is essentially
identical to the splice body described in U.S. Patent No.
4,818,055, except for the provision of a gradual or
centralized clamping cam as discussed further below.

20 Splice body'ss includes a cap member 58 and a base member
60. Base 60 has an opening or central cavity 62 therein
for receiving splice element 10, and two side cavities 64
for receiving locking tabs 66 of cap 58. Locking tabs 66
securely attach cap member 58 to base member 60. The end

25 walls of base 60 further have holes 68 therein which
allow the insertion of the optical fiber into the
preassembled splice. '

In addition to locking tabs 66, cap 58 also has
two generally parallel camming bars 70 which extend

30 perpendicularly into cavity 62 and surround splice
element 10. Locking tabs 66 and camming bars 70 are
preferably integrally molded with cap member 58. In the
preassembled state, cap 58 is not fully inserted into
base 60, allowing element 10 to remain in a slightly

35 opened state, with the legs diverging, facilitating
insertion of the optical fiber into the V-grooves
thereof. Then, as cap 58 is forced fully into base 60,
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nant's along the fiber-to-fiber mter*rﬂlaggeetﬁg@lgenrﬁ &hl on may be arrested by

the provision of a vent hole 50 near splice el enent 10.
Venting the area bel ow focus hinge 35 fiber interface,
elimnates the pressure differenti al herwi se cause ge

m gration across the interface, particularly durlng tenperature cycling.
Vent hole 50 may be punched into sheet 12 wher splice elenent 10 is cut

out; subsequent
camming bars 70 forcibly contact legs 18 and 20 of

element 10, forcing them towards one another and clamping
the optical fiber.
The improvement in splice body 56 lies in the
5 gradual thickening of the camming surfaces 72 of camming
bars near their center, as with camming bar 70a shown in
Figure 7, which is a bottom plan view of cap 58. The
cross-section of Figure 8 is taken at the center of the
actuated splice, and additionally illustrates how camming
10 bars 70 are thinner.at their distal edges 76 than at the
point of attachment to upper plate 74. In other words,
camming bar 70a defines an inwardly facing convex surface
72 where it joins the upper plate 74 of cap member 58.
Alternatively, the camming bars may be much shorter in
15 length than splice element 10, such as camming bar 70b.
In this manner, element 10 is allowed to flex open at its
ends, and there is a gradual clamping of the fiber
towards the center. Both of these constructions have
been found to decrease insertion loss associated with the
20 microbends or deformations 6f the fiber which are found
in other optical fiber splices. If camming bars such as
70a are used, they are preferably about 18 mm long, and
the minimum distance between the bars, at their center,
is about 1.3 mm. It is understood that gradual clamping
25 may also be achieved if only one of the camming bars is
so curved or thickened, the other having a flat inwardly
facing surface. In the preferréd embodiment, however,
camming bars such as 70b are used and are about 6.4 mm
long, again with a distance between the bars of about 1.3
30 mm. The improved camming bars 70a and 70b may be used
with éplice element 10, or with the splice element shown
in U.S. Patent No. 4,818,055, or with other splice
elements requiring the clamping of two opposing legs or
plate-like members.
35 Although the invention has been described with
' reference to specific embodiments, this description is
not meant to be construed in a limiting sense. Various
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- 10 - enbossinggﬁf the v r1Qus grooves and notches typically results in an
hour gl ass shape o X ced 1yt he preferred enbodi nent, vent hole 50
has a di aneter ofJ I . " A | ongi tudi nal vent channel 51 may
optionally be enb e 26 between vent hole 50 and grooves 22

and 24 to provide fluid comuni ca- tion between vent hole 50 and the .

grooves. As an alternative to providing a vdAt hole, neans nay be provided

to block the flow of the, index matching gel, such as providing a barrier on
eit her side of "p@ifications of the disclosed embodiment, as well as

alternative embodiments of the invention, will become
apparent to persons skilled in the art upon reference to
the description of the invention. For example, splice

5 element 10 may be provided with tabs similar to that
shown in U.S. Patent No. 4,824,197 for securing the
element in a closed state. Splice element 10 may also
contain multiple grooves for splicing more than one fiber
pair. It is therefore contemplated that the appended

10 claims will cover such modifications that fall within the
true scope of the invention.
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groove proxinmate the fiber interface, rather than pre-_venting the flow by
elimnating any pressure differen- tials. For exanple, in the embodi ment of
FIG 5, wherein the inner surfaces of the legs.are in |ﬁmsmamﬂhsbam acedhen
the element is in the closed, clanping state, features “E" one

one 0

~or both of the legs to prOV|d|ng seal ing around the thr
means is a pair of ribs or rails 52 formeggon the surface o
| egs. Thus, when the elenent is closed, rails 52 inpinge on the opp05|ng
surface, causing slaght deformati on thereof, and provide an environnental
seal 1. An article for splicing two optical fibers
together, comprising:
a splice element having first and second
5 generally planar leg members, said splice element and leg
members having inside and outside surfaces;
said first leg member having a first groove in
said inside surface;
said second leg member having a second groove
10 in said inside surface; and
focus hinge means for providing a single fold
line along said splice element between said first and
second leg members whereby said first and second grooves
are precisely registered when said splice element is
15 folded along said fold line and said first leg member is
adjacent said second leg member.
2. The article of Claim 1 wherein:
said first groove is V-shaped;
said V-shaped groove has inner surfaces formed
20 of a ductile material; and
said V-shaped groove has an interior angle less
than 60° whereby, when a fiber is clamped in said V-
shaped groove and said inner surfaces thereof deform
against the fiber, said V-shaped groove has an effective
25 angle of about 60°.
3. The article of Claim 1 wherein:
said first and second leg members are not
parallel when a fiber is clamped between said first and
second grooves;
30 said first groove is V-shaped; and
said second groove has an angular offset with
respect to said inside surface of said second leg member
whereby, when the fiber is clamped between said first and
second grooves, the points of contact between the fiber
35 'and said first and second grooves form a generally
regular polygon.
4. The article of Claim 1 wherein said focus
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whi ch prevents gel migration near the fiber interface. Turning to FIGS.
6-8, those figures depict the novel splice body 56 which is used to hold
and actuate splice elenent 10. Splice body 56 is essentially identical to
the splice body described in U S. Pat. No. 4,818,055, except for the

. provision of a gradual or centralized clanping cam as di scussed further

" below. Splice body 56 includes a cap nenber 58 and a base nenber 60. Base
60 has an opening or central cavity 62 tFefein for recei ving splice el enent

10, and two si d%icﬁ vei Ex{e%%fdbcjnﬁ{ri?ecsej ving |l ock- ing tabs 66 of cap 58.
y attac '

Locki ng tabs 66 Secure .
a notch formed in said inside surface of said

splice element, extending essentially the full length of
said splice element; and
5 a third groove formed in said outside surface
of said splice element, aligned with said notch and
extending essentially the full length of said splice
element. '
5. The article of Claim 2 wherein said interior
10 angle of said V-shaped groove is in the range of 46° to
58°,
6. The article of Claim 4 wherein said notch
and said third groove form a hinge web, said hinge web
having a convex surface along said third groove.

This Sheet Has Been Relilaced

A

e . This is the raplacement sheet

DR O O A ,_ oate: 22 OCT 1996



Cap nmenber 58 to base nenber 60. The end walls of base 60 further ha
hol es 68 therein which allow the insertion of the opt |'n1aISh£etHﬁrBeé,me ' ege

preassenbled splice. In addition to | ocking tabs 66,.
general ly parallel canmming bars 70 which extend per- pe o
cavity 62 and surround splice elenent 10. Locking tabs bars

70 are preferably integrally nolded wth_gcap nmenber 58. In the preas-
senbl ed state, cap 58 is not fully inserted into base 60, allow ng el enent

10 to remain in a slightly opened+SlAle for splicing two optical fibers
together, comprising:

a splice element having a hinge defining first

and second generally planar leg members, said splice
5 element and leg members having inside and outside
surfaces;

said first ieg member having a first, V-shaped
groove in said inside surface;

said second leg member having a second groove-

10 in said inside surface, said second groove being
generally parallel to said first groove, and said first
and second leg members not being parallel when said
splice element is folded along said hinge and a fiber is
clamped between said first and second grooves; and

15 said second groove having an angular offset
with respect to said inside surface of said second leg
member whereby, when the fiber is clamped between said
first and second grooves, the points of contact between
the fiber and said first and second grooves form a

20 generally reguiar polygon.

8. The article of Claim 7 wherein said hinge
includes focus hinge means providing a fold line along
said splice element between said first and second leg
.members, said fold line being generally parallel to said

25 first and second grooves, and said focus hinge means
further providing precise registration of said first and
second grooves when said splice element is folded and
said first leg member is adjacent said second leg member.

9. The article of Claim 7 wherein:

30 said V-shaped groove has inner surfaces formed
of a ductile material; and

said V-shaped groove has an interior angle less
than 60° whereby, when a fiber is clamped in said V-
shaped groove and said inner surfaces thereof deform

35 against the fiber, said V-shaped groove has an effective
angle of about 60°.
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with the legs diverging, facilitating insertion of the optical fiber into
the V-grooves thereof. Then, as cap 58 is forced fully into base 60,

cammi ng bars 70 forcibly contact |legs 18 and 20 of el enent 10, forcing them
towards one anot her and clanping the optical fiber. The inprovenent in

- splice body 56 lies in the gradual thickening of the camming surfaces 72 of
camm ng bars near their center, as wth ¢gyan ng bar 70a shown in

10. The article of Claim 7 wherein:
said second groove is also V-shaped; and
said first and second grooves are both
angularly offset from said inside surfaces of said first
5 and second leg members, respectively, whereby, when the
fiber is clamped between said first and second grooves,
there are four contact points between the fiber and said
first and second grooves generally forming a square.
11. The article of Claim 7 wherein said angular
10 offset of said second groove is dependent upon the
approximate angular separation of said first and second
leg members when said splice element is folded along said
hinge and the fiber is clamped between said first and
second grooves.
15 12. The article of Claim 10 wherein:
said first and second V-shaped grooves have
inner surfaces formed of a ductile material; and-
said first and second V-shaped grooves have
interior angles less than 90° whereby, when a fiber is
20 clamped between said V-shaped grooves and said inner
surfaces thereof deform against the fiber, said V-shaped
grooves each have an effective angle of about 90°.

//
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FIG 7, whitch—isa bottom plan view of cap 58. The cross-section of FIG 8

i.s taken at %Qemgggigﬁagﬁqﬁgg actuated splice, and additionally illustrates

how cam m ng inner at their distal edges 76 than at the
point of atta MI “HWBM plate 74. In other words, canmm ng bar 70a
defines an in onvex surface 72 where it joins the upper plate
74 of cap menber 58. Alternatively, the_ggom ng bars may be much shorter in

length than splice elenent 10, such as camming bar 70b. In this manner,
element 10 is al- |owed 43.f hex 361 £d1S PUioimPhddSpridan il

together, comprising:
a splice element having a hinge defining first
and second generally planar leg members, said splice
5 element and leg members.having inside and outside
surfaces;
said first leg member having a V-shaped groove
in said inner surface thereof;
said V-shaped groove having inner surfaces
10 formed of a ductile material; and
said V-shaped groove having an interior angle
less than 60° whereby, when a fiber is clamped in said V-
shaped groove and said inner surfaces thereof deform
against the fiber, said V-shaped groove has an effective
15 angle of about 60°.
14. The article of Claim 13 wherein:
said second leg member has a second groove
therein which is generally parallel to said V-shaped
groove; and
20 said hinge comprises focus hinge means
providing a fold line along said splice element between
said first and second leg members, said fold line being
generally parallel to said V-shaped and second grooves,
and said focus hinge means further providing precise
25 registration of said V-shaped and second grooves when
said splice element is folded and said first leg member
is adjacent said second leg member.
15. The article of Claim 13 wherein:
said second leg member has a second groove
30 therein which is generally parallel to said V-shaped
groove;
said first and second leg members are not
parallel when said splice element is folded along said
hinge and a fiber is clamped between said V-shaped and
35 second grooves; and
said second groove has an angular offset with
respect to said inside surface of said second leg member
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clanping of the fiber towards the center. Both of these constructions have
been found to decrease insertion | oss associated with the m crobends or
deformations of the fiber which are found in other optical fiber splices.

| f cammi ng bars such as 70a are used, they are preferably about 18 mm | ong,
.and the m ni mnum di stance between the bars, at their center, is about 1.3
“mm |t is under- stood that gradual cl a®l-ng nay al so be achieved if only
one of the canmng bars is so curved or thickened, the other having a_flat

i nwardl y faci nghemebycewhen the Sibesr isdcdappednpatveanneded VeahaPad bars

such as ~ and second grooves, the points of contact between the
fiber and said V-shaped and second grooves form a
generally regular polygon.
5 17. The article of Claim 14 wherein:
said first and second leg members are not
parallel when said splice element is folded along said
hinge and a fiber is clamped between said V-shaped and
second grooves; and _

10 said second groove has an angular offset with
respect to said inside surface of said second leg member
whereby, when the fiber is clamped between said V-shaped
and second grooves, the points of contact between the
fiber and said V-shaped and second grooves form a

15 generally regular polygon.
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70b are usedT%ng a bo 6é§ mm |l ong, again with a di stance between the

bars of about ¥ proved camm ng bars 70a and 70b may be used
with splice el ith the splice elenent shown in U S. Pat. No.
4,818, 055, or ice elenents requiring the ¢lanping of two
opposing legs or plate- like nbers. Al though the invention has been

described with ref- erence to specific2awodinents, this description is not
meant to be construed in a limting sense. Various nodi- fications of the
di scl osed enbodi ment, ad8weBn agtdicler for splicing two optical fibers

together, comprising:
a splice element having first and second
generally planar leg members, said splice element and leg
5 members having inside and outside surfaces;
said inside surface of said first leg member
having a groove with first and second ends, and further
having first and second recesses adjacent said first and
second ends, respectively;
10 said inner surface of said second leg member
having third and fourth recesses; and
focus hinge means providing a fold line along
said splice element between said first and second leg
members, said fold line being generally parallel to said
15 groove, whereby said first and fhird.recesses, and said
second and fourth recesses, respectively, are precisely
registered when said splice element is folded along said
fold line and said first leg member is adjacent said
second leg member, said first and third recesses thereby
20 forming a first lead-in cone, and said second and fourth
recesses thereby forming a second lead-in cone.
19. The article of Claim 18 wherein:
said splice element is formed from a sheet of
ductile material; and
25 said focus hinge means comprises:

a notch formed in said inside surface of
said splice element, said notch being generally
parallel to said groove and extending the full
length of said splice element, and

30  a second groove formed in said outside
surface of said splice element and extending
the full length thereof, and aligned with said
notch, said second groove and said notch
forming a hinge web having a convex surface

35 along said second groove.

20. The article of Claim 19 wherein said groove
in said inner surface of said first leg member is V-
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native enbodi nents of the invention, will becone ap- parent to persons
skilled in the art upon reference to the description of the invention. For
~exanple, splice ele- nent 10 may be provided with tabs simlar to that

- shown in U S Pat. No. 4,824,197 for securing the ele- nent in a closed
~state. Splice elenent 10 may al so con- tain nultiple grooves for splicing
nore than one fiber pair. It is therefo28—contenplated that the appended-

clainms will cover such nodificatjons that fall within the true scope of the
i nventi on. shaped, having an interior angle not greater than about
60°; '

said second leg member has a grooved,
complementary contact surface formed in said inner
5 surface thereof, between.said third and fourth recesses;
and
said grooved, complementary contact surface is
angularly offset from said inside surface of said second
leg member whereby, when a fiber is clamped between said
10 V-shaped groove and said complementary contact surface,
there are three contact points between the fiber and said
splice element, said contact points generally forming an
equilateral triangle.
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- 12°- 1 claim 1. An article for splicing two optical fibers together,
conprising: a splice elenent having first and second generally planar |eg
menbers, said splice elenent and | eg nmenbers having i nside and outside
surfaces; said first | eg nenber having a first groove in said inside

surface;

10

15

24
OPTICAL FIBER SPLICE

Abstract of the Disclosure

An optical fiber splice element comprising a
sheet of ductile material having a novel focus hinge
defining first and second legs, each of the legs having a
V-groove therein for receiving the optical fibers. The
focus hinge, comprising a groove on one side of the
sheet, a notch on the other side of the sheet aligned
with the groove, and a convex hinge web, provides precise
registration of the V-grooves when the sheet is folded;
this in turn leads to improved alignment of the fibers.
The V-grooves also have a novel angular geometry which
optimizes the clamping forces, resulting in lower
insertion loss. The interior angle of the V-grooves is
smaller than the optimum angle whereby, when the fiber is
clamped and portions of the V-groove surfaces are _
defofmed, the V-groove has an effective angle which is
approximately equal to the optimum angle.

FIGURE 1

i
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sai d second | eg menber having a second groove in said inside surface; and
focus hinge neans for providing a single fold line along said splice

el enent between said first and second | eg nenbers whereby said first and
second grooves are precisely registered when said splice elenment is fol ded
along said fold line and said first leg genber is adjacent said second |eg
menber. 2. The article of claiml wherein: said first groove is V-shaped;

12
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sai d V-shaped groove has inner surfaces forned of a ductile material; and
sai d V-shaped groove has an interior angle |l ess than 60[err] whereby, when
a fiber is clanped in said V- shaped groove and said inner surfaces thereof
de- form against the fiber, said V-shaped groove has an effective angle of
about 60[err]. 3. The article of claimlgwherein: said first and second | eg
menbers are not parallel when a fiber is clanped between said first and
second grooves;

26
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said first groove is V-shaped; and said second groove has an angul ar of f set
with respect to said inside surface of said second |eg ne ;
the fiber is clanped between said first and second grooves,TﬁﬁngH%Q gm%f

contact between the fiber and said first and second grooves laced
general l'y regular polygon. 4. The articleyof claim1 wherein mem ll“ﬂ
hi nge neans conprises: a notch fornmed in said inside surface

el enent, extending essentially the full length of said

-
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qeo4531-5 10>

spl fce el enent; and a third groove fornmed in said 1?2ft %mrgm&‘;ﬁﬁﬁgﬁl d L
splice elenent, aligned with said notch and exten %- Jgﬁ&gﬁ@nt ipagdd.-it F\%?age ‘:.
full lengthe of said splice element. S. The article Ladem 2 whgedi: };t%aﬂaﬁed ‘,
~interior angle of said V-shaped groove is in the r‘gng:e«p{m%@{\ergagedo to Paged 2

59[err]. - 13 - 6. The article of clalm4 V\:heI’GF nys/g{l q{,a&ot chpa@ed ‘Qatpopaged-"'

OPTICAL FIBER spuc# ATE OF RECEIPT . 24H(Me

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to devices for
optically splicing waveguides such as optical fibers, and
more particularly to a vented, hinged splice element
having improved hinge registration and clamping of the
optical fiber.

2. Description of the Prior Art

Splices for optical fibers are known in the art. The
most critical characteristic of an optical fiber splice is its
insertion loss, i.e., the signal loss due to misalignment of
the fibers, which may occur in three different manners.
First of all, the fiber end faces should abut each other as
closely as possible (end offset). The provision of a re-
fractive index matching medium (gel) at the interface
may mitigate the effects of any air space left between
the end faces. Secondly, the fiber axes proximate the
interface should be generally parallel, so that light exit-
ing one fiber will strike the surface of the second fiber as

" closely as possible to a right angle, or 0° angle of inci-

dence (axial or angular offset). Finally, the axes of the
fibers should be transversely aligned to maximize the
overlapping surface area between the end faces (lateral
or transverse offset). This alignment is critical since the
diameter of the central glass core of single mode fibers
is only about 8 um, so a deviation in axial alignment of
as little as 1 pm may result in a significant loss.

Several prior art optical fiber splicing devices attempt
to optimize fiber alignment by utilizing a chip or tray
having one or more grooves therein which receive the
optical fibers. See. e.g., U.S. Pat. Nos. 3,864,018;
4,028.162; 4,046,454; 4,102.561; 4,220,397; 4,730,892;
and 4,865,413. The grooves in the substrate provide a
simple method for holding the fibers, which are forcibly

- held in the grooves by a compression plate or adjacent

groove tray, or by the use of adhesives. The grooves
wmay be concave or V-shaped. Concave grooves result
in two primary points of contact with the fiber, while a
V-groove with an opposing flat surface provides three
points of contact. V-grooves in two opposing trays
result in four points of contact, as shown in FIG. 4 of
U.S. Pat. No. 4,046,454,

Some prior art splices combine the V-groove concept
with a foldable or hinged splice element. See, ¢.g., U.S.
Pat. Nos. 4,029,390; 4,254,865; 4,818,055; and 4,865,412;
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thitd groove forma hinge web, said hinge web having a convex surface al ong
said third groove. 7. An article for splicing two optical fibers together,
conprising: a splice elenment having a hinge defining first and second
general ly planar |eg nenbers, said splice elenent - and | eg nenbers havi ng

I nside and outside surfaces; said first2l-egq nenber having a first, V-shaped
groove in said inside surface; said second | eg nenber h%vigﬂ’a second
groove in and Japanese Patent Applications (Kokai S.

53-26142 and 58-158621. This basic design offers several
advantages, including ease of manufacture (via stamp-
ing), low insertion force (preventing buckling or defor-
mation of the fibers), fiber retention without the use of
adhesives or epoxies, and reusability.

In spite of the foregoing achievements, however, t}?e
mass splicing of fibers in a reliable, quick and economic

fashion remains a problem. For example, prior art
hinged splice elements do not always bend along the
same line on the splice element, and there is a high
rejection rate during production. Without precise fold-.
ing of the element, parallel to the fiber receiving
grooves, fiber alignment and retention is affected since
it results in inaccurate registration of the two halves of
the splice element, and is especially critical when the
two halves have complimentary V-grooves. It has also
been found that ductile hinge elements, such as that
disclosed in U.S. Pat. No. 4,824,197 (not prior art),
require an annealing step after embossing in order to
provide a hinge which will consistently survive a 180*
fold. o

The sudden clamping transition near the fiber inter-
face also causes deformation of the fiber resulting in
more signal loss than if there were a more gradual
clamping toward the interface. '

-Prior art optical splices also do not adequately ad-
dress the optimum geometry for V-groove designs. Fos
example, in the previously referred to FIG. 4 of U.S.
Pat. No. 4,046,454, the V-grooves have obtuse angles,
meaning that the four points'of contact will not be com-
pletely symmetrical about the fiber. This may result i
unnecessary transverse offset of the fibers, leading to
greater splice loss. This is also true for hinged splice
elements wherein a flat surface compresses the fiber into
a 60° V-groove. Since the flat surface is hinged to the
grooved surface, and since the fiber is only partially
embedded in the groove, the flat surface is not parailel
to the groove-bearing surface when the splice element is.
in its closed, clamping state. See, e.g., U.S. Pat. No.
5,013,123 (this patent does not constitute prior artk
Since these two surfaces are not parallel, the three lines
or surfaces contacting the fiber will not be symmetri-
cally positioned about the fiber, again adversely affect-
ing transverse offset of the fiber end faces.
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sai d i nside surface, said second groove being gener- ally parallel to said
fjrst groove, and said first and second | eg nenbers not being parallel when
said splice elenent is folded along said hinge and a fiber is clanped

bet ween ‘said first and second grooves; and said second groove having an
angul ar offset with respect to said inside surface of said second |eg
menber whereby, when the fiber is clanped be- tween said first and second

grooves, the points oOmeifirltdissdvaagehrelatihgrtoapioraarst dbpticat and second
splices concerns the use of a medium for matching the
index of refraction of the two fibers. As mentioned
above, reflective losses may be minimized by placing an
index matching fluid or gel at the fiber interface. Often-
times, however, this gel has bubbles, contaminants or
other discontinuities which tend to migrate during the
splice operation, and thereafter with temperature cy-
cling. Such migration of the gel and microbubbles can
. detrimentally affect the splice quality. It would, there-
fore, be desirable and advantageous to devise an opticat
splice element which would obviate any problems asso-
ciated with gel migration, as well as overcome the
aforementioned limitations regarding a predictable
hinge fold line, optimum V-groove geometry, and grad-
ual clamping of the splice eiement.

SUMMARY OF THE INVENTION

The foregoing objective is achieved in an optical
splice element comprising a thin sheet of deformabie
material having on one surface thereof a notched web
forming a focus hinge connecting two leg portions of
the sheet, and providing an accurate and predictable
fold line. At least one of the leg portions has a V-groove
embossed therein, and the other of the leg portions has
.either another V-groove or a contact surface positioned
so as to lie adjacent the V-groove on the first leg por-
tion when the legs are folded toward one another along
the fold line defined by the longitudinal notch. Means
are provided to gradually clamp the central portions of

the legs to minimize insertion loss from a sudden clamp-
ing transition.

Optimum V-groove geometry is achleved by offset-
ting the angle of the V-grooves with respect to the
plane of the leg, or by offsetting the angle of the contact
surface. The valie of the interior angle of the V-
groove(s) depends upon the number of points or lines
which will contact the fiber placed in the groove. This
value may be decreased slightly whereby, when the
fiber is clamped between the legs and the ductile surface
of the V-groove deforms, the deformation results in an
effective angle corresponding to the desired optimum
angle. A vent hole is provided at the center of the splice
element to prevent migration of microbubbles in the
index matching gel across the fiber interface. Alterna-
tively, sealing rails may be formed on one leg if the
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grooves forma generally regular polygon. 8. The article of claim7 wherein
sai d hinge includes focus hinge neans providing a fold |ine along said
splice el enent between said first and second | eg nenbers, said fold line
being generally parallel to said first and second grooves, and said focus
hi nge means further providing precise registration of said first and second
grooves when said splice elenent is folded and said first |eg nmenber is

adj acent said second The arjicle of claim erein: said
V- shaped groove ha§u|'*ﬂ?gf r@g& &%’93‘%?5%3‘ gumate contact thn\l\ﬁ’e

element is in a closed, clamping state.

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:

F1G. 1lisa top plan view of the splice element of the
present invention in its unfolded state;

F1G. 2 is a side elevational view of the splice element
in its unfolded state, showing the focus hinge defined by
a longitudinal notch;

FIG. 3 is a side elevational view of the splice element
in its folded state with a fiber disposed in the V-grooves;

FIGS. 4A and 4B are detail diagrams depicting the
angular geometry of the V-grooves and contact surface;

FIG. § is a detail diagram illustrating the provision of
a smaller V-groove angle to compensate for the defor-
mation of the ductile surface of the V-groove, and also
showing rails which provide sealing of the index match-
ing gel;

FIG. 6 is an exploded perspective view of the com-
plete splices of the present invention, including the
splice body and splice element;

FIG. 7 is a bottom plan view of the cap of the splice
body of the present invention; and

FIG. 8 is a cross-section taken along the center of the
closed splice depicting clamping of the splice element.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

With reference now to the FIGS,, and in particular
with reference to FIG. 1, there is depicted the optical
fiber splice element 10 of the present invention. Splice
element 10 is somewhat similar to the splice elements
described in U.S. Pat. Nos. 4,824,197 and 5,013,123, the
disclosures of which are hereby incorporated by refer-
ence. Splice element. 10 is formed from a sheet 12 of
deformable material, preferably a ductile metal such as
aluminum, although polymeric materials may also be
used, such as polyethersulfone. Material selection is
described further below. Although the term *“‘connec-

- tor” may be applied to splice element 10, that term is
usually reserved for devices which are intended to pro-
vide easy connection and disconnection, as opposed to
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ductile material; and said V-shaped groove has an interior angle |ess than
60[err] whereby, when a fiber is clanped in said V- shaped groove and said
i nner surfaces thereof de- formagainst the fiber, said V-shaped groove has
an effective angle of about’ 60[err]. 10. The article of claim?7 wherein:
said second groove is also V-shaped; andj5said first and, second grooves are
both angularly offset fromsagid inside surfaces of said frhrst and second

leg menmbers, respedtSpliseyWhighisspspally considered permpagent. Never-
theless, the term “splice™ should not be construed in a

limiting sense since splice element 10 can indeed allow
removal of the spliced fiber.

With further reference to FIG. 2, certain features of
splice element 10 are embossed, coined, stamped or
molded into sheet 12. First of all, a groove 14 is formed
on the outside surface 16 of sheet 12, extending gener-
ally the length of sheet 12. Groove 14 is centrally lo-
cated, forming an area of reduced thickness which de-
fines a hinge that separates sheet 12 into two identical
plate-like members or legs 18 and 20. In one embodi-
ment of the present invention, both of these legs have
V-shaped grooves 22 and 24 embossed on the inside
surface 26 of sheet 12. It should be noted that it is not
necessary for the grooves to have a sharp angle in order
to be considered V-shaped; given the small dimensions
involved, the apex of the “V" may be somewhat curved
or even flattened out, but the overall shape is still gener-
ally that of a “V.” V-grooves 22 and 24 are generally
parallel with groove 14, and equidistant therefrom, but
do not extend the full length of sheet 12. Concave reces-
ses 28 and 30 lie adjacent grooves 22 and 24, respec-
tively, whereby, when legs 18 and 20 are folded to-
gether (as shown in F1G. 3), recesses 28 and 30 form a
lead-in cone for an optical fiber 32.

A key feature of the present invention involves im-
provements in the hinge which provide a fold line al-
lowing precise transverse registration of V-grooves 22
and 24. The essential improvement in this regard is the
provision of another groove or notch 34 on surface 26,
opposite groove 14. Notch 34, which preferably takes
the shape of a shallow *“V.” lies above the centerline of
groove 14. Empirical testing has shown that provision
of such a focus hinge 35 provides more accurate regis-
tration of legs 18 and 20 than if notch 34 were not pres-
ent, to within about = 30 pm (30). Moreover, the
registration is very predictable and repeatable, making
the folding step non-critical. Focus hinge 35 may be
utilized to register any kind of groove, not only those
that are V-shaped. Even if only one of the legs 18 or 20
had a groove therein, obviating the need for alignment
of opposing grooves, it would still be desirable to use
focus hinge 35 to provide optimum registration of reces-
ses 28 and 30 in order to form a proper lead-in cone.

The added predictability in the use of focus hinge 3§
may be further enhanced by cutting or embossing
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cl anped between said first and second grooves, - 14 - there are four
contact points between the fiber and said first and second grooves

generally formng a square. 11. The article of claim7 wherein said angul ar

- offset of said second groove is dependent upon the approxi- mate angul ar
separation of said first and second leg-¢-

groove 14 in such a manner as to form a convex surface
36 on one side of the hinge web 38. This forms a partial
bend radius at the hinge, and allows hinge web 38 10 be
thicker without hampering the bending qualities. The
increased thickness in turn imparts structural integrity
and, in testing, this hinge has survived full closing and
reopening without failure. The splice elements shown in
the previously mentioned U.S. Pat. Nos. 4,824,197 and
5,013,123 require only 2 90° bend at each hinge, but the
hinge in splice slement 10 must survive 2 bend of nearly
180°; the splice elements shown in those patents require
a post-embossing annealing step to survive such a fold,
but this is not necessary with focus hinge 3S.

Referring now to FIG. 3, optical fiber splice element
10 is depicted in its closed state, clamping a fiber 32
between V-grooves 22 and 24 of legs 18 and 20. Splice
element 10 may be preloaded in the folded state (al-
though not in the closed, clamping state) in an optical
splice connector body such as that shown in U.S. Pat.
No. 4,818,055 (the disclosure of which is hereby incor-
porated). Such a splice body includes a base and a cap.
As the cap is moved from an open position to a closed
position, two cam bars slide over legs 18 and 20, urging
them toward one another. It is desirous to provide
rounded edges along outside surface 16 of legs 18 and 20
to facilitate the camming action. _

Sheet material 12 should be sufficiently deformable so
as to partially conform to the surface of optical fiber 32
at the points of contact. In addition to improved signal
transmission. this also results in greater fiber retention
and facilitates splicing of two fibers of differing diame-
ters. Sheet 12 may therefore be constructed 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, Hi4 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 sheet 12. Such metals include
copper, tin, zinc, lead, indium, gold 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 for sheet
12. Suitable polymers include polyethylene terephthal-
ate, polyethylene terephthalate glycol, acetate, polycar-
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menbers when said splice elenment is folded al ong said hinge and the fi ber

I s clanped between said first and second grooves. 12. The article of claim
10 wherein: said first and second V-shaped grooves have inner surfaces
formed of a ductile material; and said first and second V-shaped grooves
have interior angles |ess than 90[err] whereby, when a fiber is clanped
bet ween sai d V-shaped grooves and said i nner surfaces thereof deform

agai nst the fi berbonatedpolystheesulfone; polyetherethorketanes pel¥s-ve angl e of
therimide, polyvinylidene fluoride, polysulfone, and

copolyesters such as VIVAK (a trademark of Sheffield
Plastics, Inc., of Sheffield, MA).

As an alternative to providing a sheet constructed of
a deformable material, sheet 12 may instead be con-
structed of a more rigid material provided that the V-
grooves and contact surfaces are lined or coated with a
deformable 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 legs 18
and 20 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 exam-
ple, an obdurate coating having a thickness in the range
of one to two um may be applied to surface 26 of splice
element 10.

The dimensions of sheet 12 may vary considerably
depending upon the application; the following dimen-
sions are considered exemplary and are not to be con-
strued in a limiting sense. The size of sheet 12 is about 18
mm long by 8 mm wide along the major edges. For both
metal and polymeric materials, the preferred thickness
is about 0.51 mm. The width of notch 34 is about 0.56
mm while its maximum depth, measured from surface
26, is about 0.1 mm. The width of groove 14 is approxi-
mately 1.1 mm measured across surface 16, and 0.46 mm
measured across hinge web 38; its maximum depth,
measured from surface 16, is about 0.33 mua. Convex
surface 36 has a radius of curvature of about 0.39 mm.
Based on the foregoing values, V-grooves 22 and 24 are
preferably placed about 0.9 mm from the fold line de-
fined by notch 34. V-grooves 22 and 24 should have a
maximum width of about 129 um.

FIGS. 4A and 4B illustrate the novel angular geome-
tries of the V-grooves used in splice element 10. As
noted in the Description of the Prior Art, prior art
splices having V-grooves do not clamp the fiber in a
combpletely symmetrical fashion, resulting in unneces-
sary fiber deformation and greater splice loss. Splice
element 10, in contrast, optimizes the radial alignment
of forces impacting the fiber by counterbalancing the
locations of the splice-fiber interfaces. In splice element
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about 90[err]. 13. An article for splicing two optical fibers together,
conprising: a splice elenent having a hinge defining first and second
general ly planar |eg nenbers, said splice elenent and | eg nenbers havi ng

i nside and outside surfaces; said first | eg nenber having a V-shaped groove
In said inner surface thereof; said V-shaped groove having i nner surfaces

formed of a ductil elﬂ‘%e&'@'legé"iﬂ and'20 are still separated by a small
angle in the closed, clamping state, this is accomplished
by offsetting the V-groove angles with respect to the
plane of surface 26.

In FIG. 4A, V-grooves 22 and 24 nave interior right
angles, but the angles a and 8 are not equal. Rather,
they are chosen to compiement the angular separation
of legs 18 and 20. Specifically, in the embodiment where
legs 18 and 20 are separated by an angle vy of about 6° in
the closed, clamping state, the angles a are about 138°,
i.e., the supplementary angles of inclination are about
42' The angles B8 are accordingly about 132°, i.e., the
supplementary angles of inclination are about 48°. It can
be seen that these angles (for two opposing V-grooves)
are determined by the equations a=135" + y/2,and 8
=135 —9/2. It would, of course, be equivalent to
make both angles of inclination of one V-groove 45°
and provide the angular offset in the second V-groove,

~ i.e., making its angle @ = 135‘ + v, and its angle 8 =
138° — 9.

In the embodiment of FIG 4B (whxch is praently
considered to be the preferred embodiment), there is
only one V-groove 40 with an interior angle of 60° (and
angles of inclination with respect to surface 26 aiso of
60"). A complementary contact surface 42 is provided
which has an angular offset § with respect to surface 26
(contact surface 42 is thus a “groove™ as that term is
used in the claims). The angle 8 is simply 180° — y (yis
again preferably 6°). Anothsr way of expressing these
constructions is that, even though the two surfaces 26
are not parallel, the points of contact between splice
element 10 and fiber 32 form an essentially regular poly-
gon, such as the square 44 in FIG. 4A and the equilat-
eral triangle 46 in FIG. 4B. The basic principle of offset-
ting the angular geometries of the grooves may also be
applied to splices having more than four contact points.
Focus hinge 35 also enhances the usability of such mul-
tiple surface clamps, as well as grooves having a semi-
circular cross-section. Optimizing these geometries also
provides improved alignment of different sized fibers.

Upon reference to the description provided herein,
those skilled in the art will appreciate that, since the
optical fiber may become slightly embedded in a groove
formed of a ductile material, it may be desirable to
provide an initial groove angle slightly less than that
ultimately desired for symmetric alignment of the fiber
within the groove. For example, if splice element 10
uses two opposing V-grooves as shown in FIG. 4A, the
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sai d V-shaped groove having an interior angle |ess than 60 whereby, when a
fiber is clanped in said V-shaped groove and said inner surfaces thereof
def orm agai nst the fiber, said V-shaped groove has.an effective angle of
about 60[err]. 14. The article of claim 13 wherein: said second | eg nenber
has a second groove therein which is gengrally parallel to said V-shaped

second groove therein | ge: al |l V-shay
ol emont. et ween salARIGERGRTE SR spol achillly e dighdy des € P11 c°

manner. when the fiber is clamped
between legs 18 and 20, the ductile material along the
surfaces of V-grooves 22 and 24 will deform at the
points of contact with fiber 32, yielding an effective
angle of about 90°. In this regard, the term “effective
angle” refers to that angle defined by the apex of the
V-groove and the points of maximum deformation of
the ductile material where it contacts the fiber. Simi-
larly, if the splice utilizes only one V-groove, as shown
in FIG. 4B, the interior angle should be slightly less
than 60°. :

This is further depicted in FIG. 5, which shows a
splice element wherein the inner surfaces of the legs are
essentially parallel when the element is in the closed
clamping state. FIG. 5 illustrates the deformation of the
V-groove surfaces, and how the initial angie formed in
the V-groove differs from the effective angle which is
indicated by dashed lines 47. While the value of the
interior V-groove angle depends primarily om the
amount of ductile material which is displaced, this in
turn depends upon the malleability of the material com-
prising the surfaces of the V-groove and the driving
force which urges fiber 32 into the V-groove. Since a
wide variety of materials may be used for splice element
10, and since there are several different mechanisms for
applying the clamping force to the element, it is impos-
sible to provide a single value for the interior angle
‘which will result in an optimum effective angle. In the
‘preferred embodiment of FIG. 4B, utilizing the clamp-
ing cap described below, an angle in the range of
46°-59° has been empirically found to approximately
yield the optimum effective V-groove angle of 60°.

Referring back to FIG. 1, splice element 10 prefera-
bly has a gel 48 disposed therein which has an appropri-
ate index of refraction to improve transmission of light
across the fiber-to-fiber interface. Such gels are conven-
tionally available. As noted in the Description of the
Prior Art, the use of such a gel may result in the detri-
mental migration of microbubbles or other contami-
nants along the fiber-to-fiber interface. Such migration
may be arrested by the provision of a vent hole 50 near
the center of splice element 10. Venting the area below
focus hinge 35, adjacent the fiber interface, eliminates

the pressure differential which would otherwise cause
gel migration across the interface, particularly during
temperature cycling. Vent hole 50 may be punched into

sheet 12 when splice element 10 is cut out; subsequent
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menbers, said fold |line being generally parallel to said V-shaped and
second grooves, and said focus hinge neans further providing precise

regi stration of said V-shaped and second grooves when said splice el ement
is folded and said first | eg nenber is adjacent said second | eg nenber. 15.
The article of claim 13 wherein: said sgecond | eg menber has a second groove

. therein

embossing of the various grooves and notches typically
results in an hourglass shape of vent hole 50. In the
preferred embodiment, vent hole 50 has a diameter of
about 0.76 mm. A longitudinal vent channel 51 may
optionally be embossed in surface 26 berween vent hole
50 and grooves 22 and 24 to provide fluid communica-
tion between vent hole 50 and the grooves.

As an alternative to providing a vent hole, means may
be provided to block the flow of the index matching gel,
such ‘as providing a barrier on either side of the V-
groove proximate the fiber interface, rather than pre-
venting the flow by eliminating any pressure differen-
tials. For example, in the embodiment of FIG. §,
wherein the inner surfaces of the legs are in intimate
contact when the element is in the closed, clamping
state, features may be formed in one or both of the legs
to providing sealing around the V-groove. One such
means is a pair of ribs or rails 52 formed on the surface
of one of the legs. Thus, when the element is closed,
rails 52 impinge on the opposing surface, causing slight
deformation thereof, and provide an environmental seal
which prevents gel migration near the fiber interface.

Turning to FIGS. 6-8, those figures depict the novel
splice body 58 which is used 0 hold and actuate splice
element 10. Splice body 56 is essentially identical to the
splice body described in U.S. Pat. No. 4,818,055, except
for the provision of a gradual or centralized clamping
cam as discussed further below. Splice body 56 includes
a cap member- 58 and a base member 60. Base 60 has an
opening or central cavity 62 therein for receiving splice
element 10, and two side cavities 64 for receiving lock-
ing tabs 66 of cap 58. Locking tabs 66 securely attach
Cap member 58 to base member 60. The end walls of
base 60 further have holes 68 therein which allow the
insertion of the optical fiber into the preassembied
splice.

In addition to locking tabs 66, cap 58 also has two
generally parallel camming bars 70 which extend per-
pendicularly into cavity 62 and surround splice element
10. Locking tabs 66 and camming bars 70 are preferably

integrally molded with cap member 58. In the preas-
- sembled state, cap 58 is not fully inserted into base 60,
allowing element 10 to remain in a slightly opened state,
with the legs diverging, facilitating insertion of the
optical fiber into the V-grooves thereof. Then, as cap 58
is forced fully into base 60, camming bars 70 forcibly
contact legs 18 and 20 of element 10, forcing them
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- 15 - which is generally parallel to said V-shaped groove; said first and
second | eg nenbers are not parallel when said splice elenent is folded
along said hinge and a fiber is clanped between said V-shaped and second
grooves; and said second groove has an angul ar offset with respect to said
~inside surface of said second | eg nenbeniwhereby, when the fiber is clanped
~ between sai d V-shaped and second grooves, the points of

towards one another and clampmg the optical fiber.

The improvement in splice body 56 lies in the gradual
thickening of the camming surfaces 72 of camming bars
near their center, as with camming bar 70a shown in
FIG. 7, which is a bottom plan view of cap 58. The
cross-section of FIG. 8 is taken at the center of the
actuated splice, and additionally illustrates how cam-
ming bars 70 are thinner at their distal edges 76 than at
the point of attachment to upper plate 74. In other
words, camming bar 70a defines an inwardly facing
convex surface 72 where it joins the upper piate 74 of
cap member 58. Alternatively, the camming bars may
be much shorter in length than splice element 10, such
as camming bar 704. In this manner, element 10 is al-
lowed to flex open at its ends, and there is a gradual
clamping of the fiber towards the center. Both of these
constructions have been found to decrease insertion loss
associated with the microbends or deformations of the
fiber which are found in other optical fiber splices. If
camming bars such as 70aq are used, they are preferably
about 18 mm long, and the minimum distance between
the bars, at their center, is about 1.3 mm. It is under- -
stood that gradual clamping may also be achieved if
only one of the'camming bars is so curved or thickened,
the other having a flat inwardly facing surface. In the
preferred embodiment, however, camming bars such as
70 are used and are about 6.4 mm long, again with a
distance between the bars of about 1.3 mm. The im-
proved camming bars 70a and 704 may be used with
splice element 10, or with the splice element shown in
U.S. Pat. No. 4,818,055, or with other splice elements
requiring the clamping of two opposing legs or plate-
like members.

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-
parent to persons skilled in the art upon reference to the
description of the invention. For example, splice ele-
ment 10 may be provided with tabs similar to that
shown in U.S. Pat. No. 4,824,197 for securing the ele-
ment in a closed state. Splice element 10 may also con-
tain multiple grooves for splicing more than one fiber
pair. It is thersfore contemplated tha: the appended
claims will cover such modifications that fall within the
true scope of the invention.

This is the replacement shoet



contact between the fiber and said V-shaped and second grooves forma
general ly regul ar polygon. 16. The article of claim 14 wherein: said first
and second | eg nenbers are not parallel when said splice elenent is fol ded
al ong said hinge and a fiber is clanmped between said V-shaped and second
~grooves; and said second groove has an. gngul ar of fset with respect to said
~inside surface of said second | eg nenber whereby, when the fiber is clanped
bet ween sai d V-shapqdeiafid. second grooves, the points of

1. An article for splicing two optical fibers together,

comprising:

a splice element having first and second generally
planar leg members, said splice element and leg
members having inside and outside surfaces; _

said first leg member having 2 first groove in said
inside surface;

said second leg member having a second groove in
said inside surface; and

focus hinge means for providing a single fold line
along said splice element between said first and
second leg members whereby said first and second

- grooves are precisely registered when said splice
element is folded along said fold line and said first
leg member is

adjacent said second leg meémber.

2. The article of claim 1 wherein:

said first groove is V-shaped;

said V-shaped groove has inner surfaces formed of a
ductile material; and .

said V-shaped groove has an interior angle less than
60° whereby, when a fiber is clamped in said V-

- shaped groove and said inner surfaces thereof de-
form against the fiber, said V-shaped groove has an
effective angle of about 60°.

3. The article of claim 1 wherein:

said first and second leg members are not parallel
when a fiber is clamped between said first and
second grooves;

said first groove is V-shaped; and

said second groove has an angular offset with respect
to said inside surface of said second leg member
whereby, when the fiber is clamped between said
first and second grooves, the points of comtact
between the fiber and said first and second grooves
form a generally regular polygon.

4. The article of claim 1 wherem said focus hinge

means comprises:

a notch formed in said inside surface of said splice
element, extending essentially the full length of said
splice element; and

a third groove formed in said outside surface of said
splice element, aligned with said notch and extend-
ing essentially the full length of said splice element.

S. The article of claim 2 wherein said interior angle of

said V-shaped groove is in the range of 46° to 59°.
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contact between the fiber and said V-shaped and second grooves form a
general ly regul ar pol ygon. 17. An article for splicing two optical fibers
t oget her, comprising: a splice elenment having first and second generally
pl anar | eg-nmenbers, said splice elenment and | eg nmenbers having inside and
out si de surfaces; sai d inside surface ofizsaid first ' eg menber having a
groove with first and second ends, and f urt her having first and second
recesses adjacent sai@l Themxelujoﬁelmnd4ewhsremeﬂmndwhlap;d said
third groove form a hinge web, said hinge web having
a convex surface along said third groove.
7. An article for splicing two optical fibers together,
comprising: _
a splice element having a hinge defining first and
second generally planar leg members, said splice
element and leg members having inside and outside
surfaces;
said first leg member having a ﬁrst V-shaped groove
in said inside surface;
said second leg member having a second groove in
said inside surface, said second groove being gener-
ally parallel to said first groove, and said first and
second leg members not being parallel when said
splice element is folded along said hinge and a fiber
is clamped between said first and second grooves;
and
said second groove having -an angular offset with
respect to said inside surface of said second leg
member whereby, when the fiber is clamped be-
tween said first and second grooves, the points of
contact between the fiber and said first and second
grooves form a generally regular polygon.
8. The article of claim 7 wherein said hinge includes
focus hinge means providing a fold line along said splice
element between said first and second leg members, said
fold line being generally parallel to said first and second
- grooves, and said focus hinge means further providing
prec:se registration of said first and second grooves
when said splice element is folded and said first leg
member is adjacent said second leg member.
9. The article of claim 7 wherein:
said V-shaped groove has inner surfaces formed of a
ductile material; and

said V-shaped groove has an interior angle less than
60° whereby, when a fiber is clamped in said V-
shaped groove and said inner surfaces thereof de-
form against the fiber, said V-shaped groove has an
effective angle of about 60°.

10. The article of claim 7 wherein:

said second groove is also V-shaped; and

said first and second grooves are both angularly offset
~ from said inside surfaces of said first and second leg
members, respectively, whereby, when the fiber is
clamped between said first and second grooves,
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said inner surface of said second | eg nmenber having third and fourth
recesses; and focus hinge neans providing a fold line along said splice

el ement between said first and second | eg nenbers, said fold line being
generally parallel to said groove, whereby said first and thi-rd recesses,
and sai d second and fourth recesses, regpectively, are precisely registered
“when said splice elenent is folded along said fold line and said first |eg

menber is adj acent SgidteseTodr cOntIRPSints Béiwedn thé fibef and
said first and second grooves generally forming a
square. :

11. The article of claim 7 wherein said angular offset

of said second groove is dependent upon the approxi-
mate angular separation of said first and second leg
members when said sphcé element is folded along said
hinge and the fiber is clamped between said first and
second grooves.

12. The article of claim 10 wherein:

said first and second V-shaped gnooveslunm:nnuu'
surfaces formed of a ductile material; and

said first and second V-shaped grooves have interior
angles less than 90° whereby, when a fiber is
clamped between said V-shaped grooves and said
inner surfaces thereof deform against the fiber, said
V-shaped grooves each have an effective angle of
about 90°.

13. An article for splicing two optical fibers together,

comprising:

a splice element having a hinge defining first and
second generally planar leg members, said splice
element and leg members having inside and outside
surfaces; _

said first leg member having a V-shaped groove in
said inner surface thereof;

said V-shaped groove having inner surfaces formed
of a ductile material; and

said V-shaped groove having an interior angle less
than 60° whereby, when a fiber is clamped in said
V-shaped groove and said inner surfaces thereof
deform against the fiber, said V-shaped groove has
an effective angle of about 60°.

14. The article of claim 13 wherein:

said second leg member has a second groove therein
which is generally parallel to said V-shaped
groove; and

said hinge comprises providing a fold line along said
splice element between said first and second leg

- members, said fold line being generally parallel to
said V-shaped and second grooves, and said focus
hinge means further providing precise registration
of said V-shaped and second grooves when said
splice element is folded and said first leg member is
adjacent said second leg member.

15. The article of claim 13 wherein: -

said second leg member has a second groove therein
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- 16 - third recesses théreby formng a first lead-in cone, and said second

and fourth recesses thereby form ing a second | ead-in cone.

18. The

article of claim17 wherein: said splice element is.fornmed froma sheet of

and said focus hinge neans conprises: a notch formed in
' said inside surface of said splice -15-

“ductile material:!

which is generally parallel to said V-shaped
groove; _

said first and second leg members are not parailel
when said splice element is folded along said hinge

and a fiber is clamped between said V-shaped and

second grooves; and

said second groove has an angular offset with respect
to said inside surface of said second leg member
whereby, when the fiber is clamped between said
V-shaped and second grooves, the points of

contact between the fiber and said V-shaped and
second grooves form a generally regular polygon.

16. The article of claim 14 wherein:

said first and second leg members are not parallel
when said splice element is folded along said hinge
and a fiber is clamped between said V-shaped and
second grooves; and

said second groove has an angular offset with respect
to said inside surface of said second leg member
whereby, when the fiber is clamped between said
V-shaped and second grooves, the points of
contact between the fiber and said V-shaped and
second grooves form a generally regular polygon.

17. An article for splicing two optical fibers together,

comprising: '

a splice element having first and second generally
planar leg members, said splice element and leg
members having inside and outside surfaces;

said inside surface of said first leg member having a
groove with first and second ends, and further
having first and second recesses adjacent said first

"and second ends, respectively;

said inner surface of said second leg member having
third and fourth recesses; and

focus hinge means providing a fold line along said
splice element between said first and second leg
members, said fold line being generally parallel to
said groove, whereby said first and third recesses,
and said second and fourth recesses, respectively,
are precisely registered when said splice element is
folded along said fold line and said first leg member
is adjacent said second leg member, said first and

-—
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el enent, said notch being generally parallel to said groove and extendi ng
the full length of said splice elenent, and a second groove forned in said
out side surface of said splice elenment and extending the full length

t hereof, and aligned with said notch, said second groove and said notch
~formng a hinge web hav- ing a convex sdéface al ong said second groove. '19.
- The article of claim18 wherein said groove in said inner surface of said

first leg nenber is V-shaped shaped, having an interior angle not greater
t han about

third recesses thereby forming a first lead-in cone,
- and said second and fourth recesses thereby form-
ing a second lead-in cone.
18. The article of claim 17 wherein: .
said splice element is formed from a sheet of ductile
material; and
said focus hinge means comprises:

a notch formed in said inside surface of said splice
clement, said notch being generally parallel to
said groove and extending the full length of said
splice element, and

a second groove formed in said outside surface of
said splice element and extending the full length
thereof, and aligned with said notch, said second
groove and said notch forming a hinge web hav-
ing a convex surface along said second groove.

19. The article of claim 18 wherein said groove in said
inner surface of said first leg member is V-shaped
shaped,Iundng:uxhuerkn'angkanotggeauu'dnulaboux
60°; -
said second leg member has a grooved, complemen-

tary contact surface formed in said inner surface
thereof, between said third and fourth recesses; and
said grooved, complementary contact surface is an-
gularly offset from said inside surface of said sec-
ond leg member whereby, when a fiber is clamped
between said V-shaped groove and said comple-
mentary contact surface, there are three contact

- points between the fiber and said splice element,
said contact points generally forming an equilateral

triangle. .
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60; said second | eg nenber has a grooved, conplenmen- tary contact surface
fornmed i-n said inner surface thereaof,: between said third and fourth
recesses; and said grooved, conplenentary contact surface is an- gularly

. offset fromsaid inside surface of said sec- ond | eg nenber whereby, when a
. fiber is clanped between said V-shaped.g#oove and said conple- nentary
contact surface, there are three contact points between the fiber and said
splice elenment, said contact points generally formng an equil atera

OPTICAL FIBER SPLICE

ABSTRACT

An optical fiber splice element comprising a sheet of
ductile material having a novel focus hinge defining
first and second legs, each of the legs having a V-
groove therein for receiving the optical fibers. The
focus hinge, comprising a groove on one side of the
- sheet, a notch on the other side of the sheet aligned with
the groove, and a convex hinge web, provides precise
registration of the V-grooves when the sheet is folded;
this in turn leads to improved alignment of the fibers.
The V-grooves also have a novel angular geometry
which optimizes the clamping forces, resulting in lower
insertion loss. The interior angle of the V-grooves is
smaller than the optimum angle whereby, when the
fiber is clamped and portions of the V-groove surfaces
are deformed, the V-groove has an effective angle
which is approximately equal to the optimum angle.

FIGURE 1
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