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OPTICAL FIBER MECHANICAL
SPLICE CONNECTOR

BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates generally to improved fiber optic connectors
and, more specifically, to mechanical splice connectors that do not require the use of an
index matching gel.

Technical Background

[0002] Optical fibers are widely used in a variety of applications, including the
telecommunications industry in which optical fibers are employed in a number of
telephone and data transmission applications. Due, at least in part to the extremely wide
bandwidth and the low noise operation provided by optical fibers, the use of optical fibers
and the variety of applications in which optical fibers are used are continuing to increase.
For example, optical fibers no longer serve as merely a medium for long distance signal
transmission, but are being increasingly routed directly to the home, or in some instances,

directly to a desk or other work location.

[0003] With the ever increasing and varied use of optical fibers, it is apparent that

. efficient methods of coupling optical fibers, such as to other optical fibers, to a patch
panel in a telephone-central office or in an office building or to various remote terminals
are required. How¢ver, in order to efficiently couple the signals transmitted by the
respective optical fibers, a fiber optic connector must not significantly attenuate or alter -
the transmitted optical signals. In addition, the fiber optic connector must be relatively
rugged and adapted to be connected and disconnected a number of times in order to

accommodate changes in the optical fiber transmission path.
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[0004] A wide variety of factory and field-installed fiber optic connectors are known
in the prior art. It is desired to have an optical fiber connector that is inexpensive to
manufacture, easy to install and is capable of withstanding a wide range of environmental
factors. In factory-installed connector designs, the connector is coupled with the end of
one or more optical fibers during a factory assembly process. Factory installation of the
fiber optic connectors onto the end of the optical fibers allows for increased accuracy in
the assembly and construction of the connector and avoids the environmental and

technical problems associated with field installation.

[0005] However, it is not always possible to factory install fiber optic connectors on
the termination ends of optical fibers in every situation. For example, in widely-deployed
networks, the optical fiber that terminates at the customer’s premises, known as a field
fiber;-can-vary-in-the-desired-length-—Similarly,-optical fiber-installed-within-a-structure
may require optical fiber runs ranging from just a few feet to several hundred feet.
Furthermore, the physical space limitations may not permit storage of excess fiber length
that naturally results when installation is limited by a small number of available fiber
lengths. With such varying lengths and the desire to minimize any excess slack on the
ends of the optical fiber runs, it is simply not practical to install factory connectors on the

fiber because of the uncertainty and variability in the length of field fiber.

[0006] Consequently, field-installable optical fiber connectors have been developed
which can be coupled onto an end portion of an optical fiber in the field once the
particular application and length of the optical fiber has been determined. Although
alternative types of connectors are available, one of the most common forms of field-
installable connectors is the mechanical splice connector. Mechanical splice connectors
create a physical mating between the ends of mating optical fibers. Frequently, these
mechanical splice connectors use an internal fiber contained within the connector to mate
to the inserted field fiber within the connector. The internal fiber, commonly known as a
“stub fiber” or “fiber stub”, usually extends from about the end of a ferrule to
approximately halfway along the length of the connector. This stub fiber is factory
polished at the ferrule end, enabling the ferrule and stub to be readily mated with another
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connector after installation of the connector. The other end of the stub fiber may be
either cleaved or polished in the factory and provides a mating surface for engaging with
an inserted field fiber.

[0007] Performance of an optical junction between two fibers includes several
important parameters, such as forward power loss (usually referred to as insertion loss)
and reflected power (reflectance or return loss). Insertion loss decreases the power
available at the receiver, increasing the likelihood of data disruption or corruption.
Reflectance causes noise in the optical signal and can affect transmitter function.
Insertion loss is primarily affected by lateral misalignment of fibers at a junction.
Angular misalignment and separation between fibers also contribute to insertion loss.
Reflectance is primarily affected by a change in index of refraction along the optical path,
such-as-would-happen-if the-light signal-passes-from-glass-(n—=-1-468)-to-air (n-=-1)-and
can be calculated using Fresnel’s equations. A junction with large reflected power will
also suffer measurable insertion loss as power is reflected instead of transmitted. For
example, a fiber to air interface with a reflectance of approximately -14.7 dB, will incur
approximately a 0.3 dB insertion loss due to reflection. For reference, a good optical
junction such as a precision splice or connector will incur a 0.05 to 0.25 dB insertion loss,

and -40 to -65 dB reflectance.

[0008] One of the more important aspects of installing a mechanical splice connector
1s ensuring that the stub fiber and inserted field fiber are accurately aligned to ensure
minimum insertion loss across the fiber-fiber interface. A number of mechanisms are
known in the prior art to accomplish the task of accurately aligning the optical fibers,
including V-grooves and camming mechanisms. Alignment mechanisms in the art ensure
that the core of the fiber stub and the core of the field fiber are accurately aligned and the
field fiber is then locked into position. After the optical fibers are aligned and the field
fiber is locked into position, the alignment between the fiber stub and the inserted field
fiber must be precisely maintained to provide a consistent, reliable connection. Proper
alignment however ensures only good insertion loss. To minimize reflectance, index of

refraction changes must be eliminated from the optical path.
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[0009] In order to accomplish this in prior art mechanical splice connectors, it is
known to fill the connectors with index matching gel. Index matching gel has an index of
refraction that is very close to that of the core of the optical fibers when the temperature
of the connector is maintained at room temperature. If the fiber stub and the field fiber
are not precisely contacting due to minute variations in cleave angle or surface
topography of the fiber ends, the index matching gel enhances the transfer of the optical
signal between the fiber stub and field fiber by eliminating air gaps which would yield
reflections and insertion loss. The index matching gel therefore results in a smaller
insertion loss of the optical signal within the connector. The resulting connector provides
a reliable and consistent optical connector when the temperature of the connector is
maintained within a small range. Another method of creating and maintaining a physical
connection without-index-of refraction-change between-the fiber stub-and-the-inserted
field fiber is to use an axial load on either the field fiber or fiber stub forcing the
respective fiber in engagement with the other to eliminate any air from the interface even
under varying temperature conditions. This is commonly referred to as creating
“physical contact” between the optical fibers. One method known in the art of providing
the axial load is to use spring force within the optical connector. However, both of these

methods have disadvantages.

[0010] A disadvantage of using index matching gel is that the refractive index of the
gel varies with the temperature of the gel and with the wavelength of the transmitted
light. Although the refractive index of any material may vary with changes in
temperature, liquids and gels, such as the index matching gel, are more susceptible to
changes in refractive index than a solid, such as an optical fiber, for a given change in
temperature. The net result is that as the temperature of the connector diverges from
room temperature the respective refractive indices of the optical fibers and the index
matching gel diverge as well. Even small differences in the refractive index of the index
matching gel and the optical fiber can result in significant increases in reflectance at the
interface. Therefore, while index matching gel is extremely effective in indoor

applications where the temperature of the connector does not vary significantly, it is a
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poor choice for outdoor applications where the temperature variations can cause the
internal reflectance of the connector to be poor and unreliable. The wavelength
dependence of index of refraction in index matching gel makes it more difficult to
precisely match the index of refraction of the gel to the fiber in order to achieve low
reflectance at multiple wavelengths. This leads to a compromise value of gel index of
refraction even at room temperature. Thus, in theory, better performance can be achieved

with physical contact than with index matching gel, even at room temperature.

[0011] In prior art designs that eliminate the use of index matching gel, the spring
loading of a field fiber or installed field fiber to provide an active force between the two
also has its disadvantages. Most notably, the use .of a spring load requires the inclusion
of a spring within the design of the optical connector. As the optical connectors are
reduced-in-size-to-increase-the-number-of connectors-that- may-be-fitted-within-a-given
space, the difficultly in designing an optical connector with a spring load increases.
Additionally, as the number of components utilized within an optical connector increases,
the corresponding cost per unit also increases. It would be desirable to provide an optical
connector that can provide an axial load on either the field fiber or fiber stub without the
use of a spring. The resulting optical connector would have the same properties as a

spring-loaded optical connector, but with less complexity and lower cost.

- [0012] Accordingly, it would be advantageous to have a mechanical splice connector
that is robust and has predictable reflectance properties across a wide range of
temperatures. Such a connector sﬁould eliminate the use of index matching gel to
enhance temperature stability, but should not rely on the complexity of a spring-loading
mechanism to maintain physical contact between the field fiber and the fiber stub. The

connectors known in the prior art do not address these needs.

[0013] In view of the aforementioned shortcomings, improved apparatus and method

for performing mechanical splice terminations are needed.
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SUMMARY OF THE INVENTION

[0014] In one aspect, the present invention provides a robust and reliable connector
for an optical fiber cut to length in the field. The optical fiber is cut to any length desired
and the optical fiber is stripped of any protective layers along a short length at the end of
the optical fiber. The optical fiber is inserted into the mechanical splice connector. An
alignment mechanism ensures accurate alignment of the optical fiber with an internal

fiber stub located within the optical connector.

[0015] In one embodiment, the present invention provides a mechanical splice
connector including a cavity within the optical connector to allow for controlled bending
or buckling of the stub fiber within the optical connector. The cavity permits the fiber
stub-contained-within-the mechanical splice connector to. bend-controllably withinthe
cavity. The fiber stub bends controllably within the cavity as the field fiber is inserted
past the point of contact with the stub. The stub then acts as a spring, creating a reacting
force on the fiber joint. The spring force by the stub is proportional to the amount of
over-insertion of the field fiber. By precisely controlling this over-insertion, the amount
of buckling and thus the spring force can be precisely controlled. Temperature
differences may result in minute changes in the length and bending characteristics of the
fiber stub and also the connector housing components. The amount of buckling may be
selected such that the stub fiber is buckied and in a linear force region. In accordance
with Hooke’s law, the amount of reacting force applied by the fiber stub to the field fiber
as the field fiber is inserted past the point of contact initially increases in direct
proportion to the translation as the stub compresses. However, once the stub buckles, the
force becomes constant. Therefore, as the stub fiber remains in the buckled condition,
the reaction force applied by the stub fiber on the field fiber may remain constant.
[0016] In another aspect of an exemplary embodiment, the stub fiber of the optical
connector is pre-selected to pfovide the necessary axial force when engaged with an
inserted field fiber. The stub fiber preferably bends to the desired buckling radius
without damage to the stub fiber. Optical fiber subject to long term bending may be
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prone to breakage due to critical flaw propagation. In order to minimize such breakage,
either the critical flaw size due to surface damage is reduced or the stress due to bending
is reduced below a critical level. In preferred embodiments, stripping methods which
minimize surface damage should be employed. Toughened glass, such as fiber having a
titania doped outer surface may be used to reduce the size of the flaws the fiber
encounters during stripping. In another embodiment of the present invention, a stub fiber
made from a plastic-clad 125 micron outer diameter optical fiber may be used. Plastic
clad fiber has an enhanced ability to bend because the smaller glass outer diameter
reduces the stress on the stub fiber while the plastic cladding prevents any surface
damage to glass. Finally, a surface treatment, such as silane, may be applied to the fiber

stub to make it more resistant to flaw propagation.

[0017}  Anotheraspeet-of the-invention-ineludes-a-protrusion-on-the-interier-of-the
buckling cavity to force a slight bend into the stub fiber in its unmated state. By inducing
this bend, the stub is pre-buckled, and the reaction force applied to the field fiber as it is
inserted is constant as preiriously discussed. This results in a less craft sensitive
installation as there is no abrupt reduction in force at the buckling point as the force shifts

from linearly increasing to constant.

[0018] Yet another aspect of the present invention involves the tool used to install a
field fiber within the connector of the present invention. The improved tool is closely
related to the tool currently in use with a variety of mechanical splice connectors. The
present invention improves on the prior art tool by incorporating the use of a sled
structure for introducing the optical field fiber into the mechanical splice connector. The
sled structure runs along a track designed within the installation tool. In an exemplary
embodiment of the present invention, the sled structure also presents the optical fiber to
the stripping and cleaving tools to accurately control the cleaving length and minimize
errors due to handling. Therefore, a single device can be used to handle the fiber during
cleaving, stripping, and installation of the fiber into the connector. After cleaving and
stripping, the optical field fiber is still contained within the sled structure and placed
within the track incorporated into the installation tool. The sled structure is then used to
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precisely guide the optical field fiber into the receiving end of the mechanical splice
connector according to the present invention. When the optical field fiber exerts positive
pressure onto the sled, the optical field fiber is in engagement with the fiber stub. The
sled is then moved a predetermined distance further toward the mechanical splice
connector. This forces the optical field fiber slightly further into the mechanical splice
connector and causes the stub fiber contained within the optical connector to buckle

controllably.

[0019] Additional features and advantages of the invention are set forth in the
detailed description which follows and will be readily apparent to those skilled in the art
from the description, or-will be readily recognized by practicing the invention as
described in the detailed description, the drawings and the appended claims.

[0020] It is to be understood that both the foregoing general description and the
following detailed description present exemplary embodiments of the invention as well as
certain preferred embodiments. As such, the detailed description is intended to provide
an overview or framework for understanding the nature and character of the invention as
recited in the appended claims. The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated into and constitute a part of
this specification. The drawings illustrate various preferred embodiments of the
invention, and together with the detailed description, serve to explain the principles and
operations thereof. Additionally, the drawings and description are meant to be merely

illustrative, and are not intended to limit the scope of the claims in any manner.
BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Figures 1A, 1B, and 1C show cross-sectional views of various types of
optical fibers.
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[0022] Figures 2A and 2B show a prior art ferrule optical connector that utilizes
index matching gel. Figure 2A shows the connector without a field fiber engaged
thereto. Figure 2B shows a field fiber engaged within the optical connector.

[0023] Figure 3A shows an embodiment of the present invention without a field fiber
engaged with the fiber stub. Figure 3B shows the outer protective coating of an optical
fiber. Figure 3C shows the connector of Figure 3A with the fiber inserted and the stub
fiber in the buckled state.

[0024] Figures 4A and 4B show the same optical connector of Figures 3A and 3C
further comprising a protrusion within the cavity to “pre-buckle” the fiber stub. Figure
4A shows the connector of Figure 3A with a protrusion incorporated into the cavity
structure-to-induce bending of the fiber stub thereby_encouraging it-to-buckle-without-first
compressing. Figure 4B shows the connector according to the present invention with a

field fiber inserted and engaged within the connector.

[0025] Figures SA-5C show a cross-sectional view of a prior art alignment
mechanism for a mechanical splice connector that uses a V-grooved alignment and
camming structure to accurately align the optical field fiber and internal fiber stub. The
camming mechanism locks the upper and lower structures of the alignment mechanism

into position and therefore locks the optical field fiber and internal fiber stub in position.

[0026] Figures 6A-6C shows a modification of the prior art alignment mechanisms

according to the present invention.

[0027] Figure 7 shows a tool suitable for use with the present invention for installing

a mechanical splice connector onto an optical fiber.

[0028] Figures 8 is an enlarged depiction of a portion of the tool suitable for

installing the optical fiber onto a mechanical splice connector according to the present
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invention. This enlarged depiction also shows the mechanical splice connector

positioned within the tool and prepared for accepting the optical fiber.
DETAILED DESCRIPTION OF THE INVENTION

[0029] Although the figures and following description are intended to provide a full
disclosure of the present invention, including the preferred embodiment, such that a
person of ordinary skill in the art may practice the invention, the embodiments shown and
discussed subsequently are not intended to limit the scope of the present invention. The
inventor contemplates that minor modifications and variations are within the scope of the

present invention.

[0030] Referring-now-to-Kigures-1A-1C,threecross-sectional-views-of three
different optical fibers are depicted. Each type of optical fiber may be relevant in the
present invention. The figures are not to scale between one another nor is the relative
thickness of each layer accurately portrayed. Figure 1A depicts a typical optical fiber 10.
The optical fiber 10 is comprised of a core 12 and a cladding 14. The core 12 and the

- cladding 14 are generally comprised of silica for optimum performance of the optical
fiber. The cladding 14 features a lower refractive index than the core 12 so that the
optical energy directed down the core is continually reflected back into the core by the

core-cladding interface, thereby ensuring a minimal amount of leakage out of the core 12.

[0031] Figure 1B is an example of a plastic coated optical fiber 20 that could be
utilized as a stub fiber in the present invention. The core 22 of the plastic coated optical
fiber 20 is identical to that of the typical optical fiber 10. The core 22 of the plastic
coated optical fiber 20 is also comprised of glass and has a diameter of approximately the
same dimensions as the core 12 of the typical optical fiber 10. The cladding 24 of the
plastic coated optical fiber 20 surrounds the core 22 and has a lower refractive index than
that of the core 22. The cladding 24 of the coated optical fiber 20 serves the same
function of ensuring that the optical energy traveling down the core 22 is maintained
within the core 22 along the length of the coated 'optical fiber. Finally, encompassing the
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cladding 24 is a permanent plastic coating 26. The plastic coating 26 mayz be made of
any material known in the art suitable for installing on a glass fiber. The plastic coating
26 forms an integral part of the fiber and is normally not removed during
connectorization or splicing. The plastic coating 26 provides protection to the optical
fiber 20. Specifically, the cladding 24 and core 22 are susceptible to the introduction of
scratches on the outer surface of the cladding 24 which can affect the strength of the
fiber. Futhermore, the integral plastic coating which has an outer diameter substantially
the same as the cladding of fiber 10, forms the alignment surface of the fiber within the
splice. Finally, the inclusion of the plastic coating reduces the diameter of the glass
cladding 24 to a diameter smaller than that of the fiber 10 with cladding 14. The reduced
cladding diameter makes the fiber less stiff, thus more easily buckled by reducing its area
moment of inertia. This reduced diameter also results in lower stress on the glass portion

of the-fiber-in-bending;-as-bending-stress-is-directly-propertional-to-the-radius-ef the-fiber.

[0032] Figure 1C is a cross-section of a buffered optical fiber 30. The buffered
optical fiber is similar to the typical optical fiber 10, but contains additional protective
layers that enable the buffered optical fiber 30 to be handled more easily by an installer in
the field. The delicate nature of the bare optical fiber 10 prevents any direct handling of
the optical fiber without special tools and a clean environment. Accordingly, the
buffered optical fiber 30 comprises a core 32 of approximately the same dimensions as
the core 12 of the bare optical fiber 10 and the core 22 of the plastic coated optical fiber
20. A glass cladding 34 feémring a refractive index lower than that of the core is
provided around the outside of the core as shown in other prior art optical fibers. The
combination of the core 32 and the cladding 34 forms the bare glass fiber 33 that will be
discussed throughout the present invention. Qutside of the bare glass fiber 33, protective
acrylate 36 is applied at the factory. In some embodiments, surrounding the protective
acrylate 36 is a PVC buffer 38. The combination of the PVC buffer 38 and the protective
acrylate 36 forms the protective layers 37 of the optical fiber. While the present
invention is explained with reference to a tight-buffered optical fiber wherein the
protective acrylate 36 and PVC buffer 38 are provided on the optical fiber 30 from the

factory, it is well within the contemplation of the present invention to utilize other
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materials for the protective layers 37. Furthermore, it is also contemplated that the PVC
buffer 38 may be replaced with a loose-buffer such as a furcation tube that is not factory-
installed, but is rather field-installed on any type of coated optical fiber 33 with coating
36. For example, in some installations thick protective jackets may be removed from the
optical field fiber cable exposing coated optical fiber 33 with coating 36. In order to
provide a mechanical splice connector according to the present invention, the coated
optical fiber (33 and 36) must be “up-jacketed” to a thicker diameter with a protective
jacket, such as a 900 micron loose-buffer furcation tube to enhance mechanical

robustness of the connector-fiber interface, before a connector may be attached thereto.

[0033] Referring now to Figure 2A, a prior art mechanical splice connector 100 is
depicted to assist in better understanding the improvements of the present invention. The
connector-100-has-a-body-1-10-and-a-ferrule-112-extending-away-from-the body—The
ferrule 112 is generally comprised of a ceramic or ceramic-like material. By using
material such as ceramic and encasing a stub fiber 130 within the ferrule 112, a robust
connector is produced that can accurately mate, disconnect, and subsequently remate with
adapters suitable for accepting ferrule connectors. Also, the exposed end of the fiber stub
130 at the ferrule end 132 is factory cleaved and polished to provide excellent optical
connectivity properties fhat cannot be easily achieved with tools used in the field. A
protective dust cap (not shown) is generally provided to protect the polished end of the
fiber stub 130 from damage prior to installation.

[0034] The fiber stub 130 extends from the ferrule tip 132 through the ferrule 112 and
into the body 110. In the prior art, the fiber stub 130 generally has the same structural
characteristics as a typical optical fiber 10 such as the optical fiber depicted in Figure
1A. The fiber stub 130 of the prior art mechanical splice connector 100 has a core 12
sized to match the optical fiber that the connector 100 is designed to attach thereto. For
example, if the mechanical splice connector 100 is intended to mate with single mode
optical fiber having a core diameter of about 8 microns, the fiber stub 130 will feature a
core with a diameter of about 8 microns. The fiber stub 130 has an internal end 134 that

terminates within the interior of the connector 100. In some prior art designs, the fiber
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stub terminates within an alignment mechanism 124. In the depicted prior art device, the
alignment mechanism 124 is a camming mechanism, however other types of alignment
mechanisms are known in the art. The operational characteristics of the camming
mechanism will be better explained with reference to Figures 5A, 5B, and 5C discussed
herein. However, for purposes of considering the prior art mechanical splice connector,
the alignment mechanism 124 will be considered generically as any structure that aligns
the optical field fiber and fiber stub and maintains them in position. Therefore, the fiber
alignment mechanism 124 is represented by an upper alignment structure 120 and a lower
alignment structure 122. The optical connector also contains a metal crimp tube 114 that
is engaged with securing the optical field fiber to the mechanical splice connector 100
after installation. The optical connector also features a conical lead-in 116 for guiding
the optical field fiber into the alignment mechanism 124. The cavity in the connector
housing-110-which-aceepts-the-alignment-mechanism-124-is-filled-with-an-index
matching gel or fluid 150.

[0035] Réferring now to Figure 2B, the prior art mechanical splice connector is
shown with an optical field fiber locked into position within the connector 100. The
terminating end of the field fiber 33a is essentially abutting the terminal end of the fiber
stub 134. Within the extremely small area between these two ends, the index matching
gel 150 ensures that the index of refraction between the fiber cores remains constant.
Excess matching gel fills the remaining open areas of the optical connector. After
successful alignment, the fiber stub 130 and the optical field fiber 33 are now locked into
position. To provide additional strain relief and additional physical reinforcement, the
metal crimp tube 114 is crimped down on the protective layers 37 surrounding the optical

field fiber 33. Such crimping is not shown in the drawings, but is well known in the art.

[0036] Figure 3A depicts a simplified embodiment of a ferrule connector 200
according to the present invention. The ferrule connector 200 is constructed from an
outer housing 110 and a ferrule 112 like the ferrule connector of the prior art 100.
Located within the ferrule and oriented along the longitudinal axis of the ferrule
connector 200 is a fiber stub 230. In this embodiment, the fiber stub 230 is similar to the
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optical fiber depicted and described with reference to Figure 1B. The fiber stub 230 has
one end that terminates at the tip of the ferrule 112. The terminal end of the fiber stub
232 is factory cleaved and polished to provide a robust and effective connection when
engaged with other suitable connectors. The internal end 234 of the fiber stub 230 is
laser shaped or machine polished and located within the housing 110 of the connector
100. It is polished to a slightly convex shape as this design has been found to be the most
effective in creating physical contact between the fiber stub 230 and a field fiber 33
(shown in Figure 3B). The internal end of the fiber stub 234 is maintained roughly in
position by an upper fiber restraining structure 220, also referred to herein as an “upper
splice component”. In the present embodiment, the lower fiber alignment structure 222,
also referred to herein as a “lower splice component” has a small indention that runs
along the upper surface of the lower alignment structure 222. The indention may be V-
shaped-and-sized-such-that-it serves-to-contain-any-lateral- movements-of-the fiber stub
230 when the fiber alignment mechanism 224 is locked into position (see Figures SA-5C
and 6A-6C for cross-sectional views of alignment mechanisms suitable for the present

invention).

[0037] As depicted in Figure 3A, an exemplary embodiment of the present invention
features an internal cavity 210 defined by the housing 110. The fiber stub 230 extends
from the ferrule 112 and through the internal cavity 210. In the normal relaxed,
unengaged status shown in Figure 3A, the inherent stiffness of the fiber stub 230 prevents
any bending of the fiber stub 230 within the cavity 210.

[0038] Figure 3B depicts a field fiber 33 with a protective layer 37 protecting a
length of the optical field fiber 33. The protective layer 37 generally consists of an
acrylate layer and PVC buffer. This protective layer 37 is removed along a certain length
of the optical field fiber 33 depending on the length needed to insert the optical fiber into
the ferrule connector 200 according to the present invention. The terminal end 33a of the
optical field fiber 33 is field cleaved to provide an appropriate geometry for engaging the
fiber stub 230 within the ferrule connector 200.
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[0039] Referring now to Figure 3C which depicts the ferrule connector 200
according to the present invention with the optical field fiber 33 installed within. Asin
Figure 3A, the connector 200 is comprised of a housing 110, a ferrule 112, with a fiber
stub 230 extending along the longitudinal axis of the connector. In this embodiment, the
terminal end 33a of the optical field fiber 33 is in engagement with the internal end 234
of the fiber stub 230. In this depiction, a force has been exerted onto the field fiber 33 as
it is secured within the connector 200. The fiber stub 230 forms a small buckle 236
within the internal cavity 210. After the optical fiber 33 is placed within the connector
200 and the fiber stub 230 has buckled slightly thereby providing an opposing force to
the fox;ce exerted by the field fiber, the fiber alignment mechanism 224 is locked into
position. After locking the fiber alignment mechanism 224 into position, the glass of the
optical field fiber 33 is securely held within the connector and aligned precisely with the
fiber_stub 230.The field fiber 33.1s also locked-into-position-and-does-not-move-either
laterally or longitudinally. However, the fiber stub 230 is only held in position laterally
ensuring proper alignment, but the fiber stub 230 is allowed to move along the
longitudinal axis of the connector so that the buckle in the connector provides the spring-
like loading effect forcing the terminal end 234 of the fiber stub 230 and the cleaved end
33a of the optical field fiber 33 into constant contact and alignment.

[0040}) Figure 4A depicts an optical connector according to the present invention
including a bending protrusion 192 located within the cavity 210 which forces fiber stub
230 into an initial bend 236 (Figure 4b) in the relaxed state. When field fiber 33 is
inserted, the force required to buckle the fiber into a final bent 236 state shown in Figure

4B is more linear as the fiber stub 230 does not first compress prior to buckling.

[0041] Referring now to Figure 5A, a fiber alignment device of the present invention
as is known in the art is shown as the basis for the improvement of the present invention.

The present invention utilizes the cam alignment device described in detail in U.S. Patent
No. 6,173,097 and the contents of the patent are hereby incorporated. The outer structure
of the cam 530 has an eccentric ring 520 contained therein that rotates with the outer

structure 530. Located within the eccentric ring 520 is a connector housing 110 that has a
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slot in its lower surface allowing actuating member 524 of alignment mechanism 222 to
protrude through and which maintains its position regardless of the rotation of the cam

around the center axis.

[0042] Figure 5B shows an approximate 45 degree rotation of the cam structure.
Here, the eccentric 520 is rotating around the connector housing 110. The lower fiber
alignment structure 22 has an extending actuator 524 located below the alignment
structure. As the eccentric 520 turns it forces element 524 upward thereby forcing the
lower fiber alignment structure 222 into engagement with the upper alignment structure
220. Figure 5C shows the camming operator 500 after a full 90 degree rotation thereby
locking the fibers into position. The extending actuator 524 has forced the lower fiber
alignment structure 222 into a full locking engagement with the upper fiber alignment
straeture-220.

[0043] Referring now to Figure 6A, an improved cam-type fiber alignment
mechanism as shown in Figure SA, 5B, and 5C is depicted according to the present
invention. The camming operator 500 is shown in the unengaged position. As before,
the camming structure comprises an outer body structure 530, an eccentric ring 520
contained within the outer body structure 530, and a connector housing 110 for holding
the alignment mechanism 224 in position. The alignment mechanism 224 is comprised
of an upper actuating surface 220 and a lower actuating surface 222. Like the prior art,
the lower actuating surface 222 contains a V-shaped groove for holding the fiber in
position. The mechanism debicted in Figures 6 A-6C operates in a similar manner as the
mechanism depicted in Figures SA-5C except the upper surface 222 features a small
indention running along the length of the surface corresponding to the length of the stub
fiber. This indention in the upper surface 222 provides additional clearance for the stub
fiber (not shown) to move axially but remain constricted in the lateral directions after
camming. In practice, the indentation may be applied equally to the top and bottom
alignment surfaces to minimize lateral offset induced by the indentation. The indention
may alternatively run the length of one or more of actuating surfaces 220 and 222.
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[0044] Referring now to Figure 7, an exemplary embodiment of a tool for installing a
fiber optic cable within a mechanical connector according to the present invention is
depicted. The installation tool 740 features tool housing 750 and attached thereto is an
anvil 748 for facilitating the crimping of a crimp tube , if present, during assembly of the
fiber optic connector. The tool housing 750 also features a wrench 752 mounted to the
tool housing for engagement of a cam member of the fiber optic connector and permitting
actuation thereof. Also provided within the present invention is a connector holder 766
which provides stability and holds the connector in position as the field fiber is installed
therein. Further, the installation tool 740 also cbmprises an arm 778 that is pivotally
connected to the housing 750. The arm 778 lowers onto a connector after camming the
connector and works in conjunction with the anvil 748 to provide a crimp of the crimp

tube on the end of a mechanical splice connector as disclosed herein.

[0045] According to the present invention, the tool 740 further comprises the
improved features of having slide rails 780 to allowing a sled 792 to be placed therein .
The sled 792 slides freely along the length of the slide rails and allows for precise
insertion of the optical fiber 33 into the connector when placed within the installation tool
740. The sled 792 also comprises a top member 790 to hold the optical fiber within the
sled 792. As shown, the optical fiber 33 extends away from the sled in one direction
while the protected optical fiber with protective layers 37 is shown extending from the
rear of the sled.

[0046] Referring now to Figure 8, an enlarged view of the installation tool 740
according to the present invention is shown. However, in this view, a connector 200 also
according to the present invention is placed within the installation tool 740. As can be
seen, the tool housing 750 is shown with the connector 200 placed within the connector
holder 766. In this view, the wrench 752 in a downward position. Depending on the
connector design, the connector may either be installed by lowering or raising the wrench
752 to activate a camming mechanism within the connector 200. Extending from the

connector is a crimping tube 114 placed on the anvil 748. Although not shown in Figure
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8, the anvil works in conjunction with the arm 778 to crimp the tube on the protective

fiber coating 37 after installation.

[0047] For installation, the sled 792 is positioned within the slide rails 780. The sled
792 has an optical fiber 33 extending out the front of the sled while the optical fiber 33
with a protective jacket 37 surrounding the optical fiber extends out the rear of the sled
792. An upper surface of the sled 790 holds the optical fiber 33 in position during the
installation process. As the sled is moved down the slide rails 780, the optical fiber 33 1s
inserted info the crimp tube 114 and guided into position within the connector 200.
When the optical fiber 33 engages the fiber stub contained within the connector 200, a
small positive force is exerted on the optical fiber 33. By using precise measurements on
the sled 792, slide rails 780, or within the connector itself 200, the optical fiber 33 is
further-inserted-a-small distance-into-the-connector-200-te-cause-the-buckling-necessary
for the present invention. After installation of the fiber is precisely accomplished
resulting in the small buckling, the wrench 752 is moved into the alternative position
thereby actuating the camming mechanism of the connector 200 and locking the optical
fiber 33 into position. The fiber stub contained within the connector is precisely aligned
with the optical fiber but may move slightly along the longitudinal axis providing the
axial load necessary to maintain good physical connection between the optical field fiber
and the fiber stub as shown in Figure 4.

[0048] In alternative embodiments, connector structure may be modified to include
various fiber alignment components and alignment surfaces. In addition, alternative
designs for camming structures may be practiced within the scope of the present
invention, such as but not limited to, simultaneous and multi-step camming mechanisms
for buffer retention and fiber alignment. The connector structure may be further modified
to include space for field fiber buckling and may include a bending protrusion for causing
the field optical fiber to bend. The connector may further include alternative apparatus
for retaining a coated portion and/or a buffered portion of the field fiber, thus replacing
the crimping feature while providing reversible and non-destructive terminations. In all

connector embodiments, at least one of the camming mechanism, the fiber restraining
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structure, the fiber aligning structure and the connector body are translucent so as to
detect visible or invisible light, such as from a light source of a VFL, through all or a
portion of the connector structure in order to verify optical continuity. Optical continuity
may be determined using a Continuity Test System (CTS) or other known test system.

[0049] It will be apparent to those skilled in the art that innumerable modifications
and variations can be made to the exemplary embodiments of the apparatus and methods
of the invention shown and described herein without departing from the spirit and scope
of the invention. Thus, it is intended that the present invention cover all conceivable
modifications and variations of this invention, provided those alternative embodiments

fall within the scope of the appended claims and their equivalents.
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THAT WHICH IS CLAIMED IS:
1. An optical fiber mechanical splice connector for coupling with a field fiber,
comprising:

a connector body having a fiber alignment mechanism and having a cavity;

a ferrule coupled to the connector body;

a stub fiber having a portion captured within the ferrule, wherein an end of the
stub fiber extends from the ferrule through the cavity of the connector body and into the
fiber alignment mechanism; and

wherein the stub fiber buckles within the cavity when the field fiber is introduced

into-the-connector-body-and-contaets-the-end-of-the-stub-fiber.

2. The splice connector of claim 1, wherein the connector body defines a protrusion

feature that protrudes into the cavity to cause a portion of the stub fiber to buckle.

3. The splice connector of claim 2, wherein the protrusion feature causes the stub

fiber to buckle prior to inserting the field fiber into the splice connector.
4. The splice connector of claim 1, wherein the fiber alignment mechantsm

constrains lateral and axial movement of the field fiber and constrains lateral movement

of the stub fiber.
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5. The splice connector of claim 1, wherein the fiber alignment mechantsm includes
a fiber restraining structure and a fiber aligning structure operable for optically aligning

the field fiber and the stub fiber.

6. The splice connector of claim 1, wherein the fiber alignment mechanism is

operable for strain relieving a coated portion of the field fiber.

7. The splice connector of claim 1, wherein the fiber alignment mechanism includes

a notch feature to allow axial movement of the stub fiber.

8. The splice connector of claim 1, wherein the alignment mechanism is actuated by

a rotation of a camming mechanism.
9. The splice connector of claim 8, wherein at least one of the camming mechanism,
the fiber alignment mechanism and the connector body are translucent so as to detect

visible or invisible light through all or a portion of the connector structure.

10.  The splice connector of claim 1, further comprising a crimp tube for receiving a

buffer of the field fiber.

11. A method of mechanically splicing a field fiber and a stub fiber of a splice

connector, comprising:
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inserting a coated portion of a field optical fiber into a lead-in end of the splice
connector such that an end of the field fiber contacts an end of the stub fiber within an
alignment mechanism of the splice connector; and

applying axial force to the field fiber so as to cause the stub fiber to buckle within

a cavity defined by the splice connector.

12.  The method of claim 11, further comprising maintaining a portion of the field
fiber and the stub fiber within the alignment mechanism upon achieving optical

continuity between the field fiber and the stub fiber.

13. The method of claim 11, further comprising maintaining the field fiber in a lateral

and an axial direction.

14.  The method of claim 11, further comprising maintaining the stub fiber in a lateral

direction.

15.  An optical fiber mechanical splice connector including a cavity for receiving a
buckling portion of a stub fiber of the connector when the stub fiber is mechanically
spliced to a field fiber, the mechanical splice connector mounted upon an end of the field
fiber using an installation tool comprising:

a tool housing extending lengthwise between first and second opposed ends;

a connector holder coupled with the tool housing for engaging a shoulder defined

by a connector positioned within the tool;
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an actuating structure for activating an alignment mechanism of the connector
positioned within the tool; and

a slide engagement structure for facilitating the introduction of the field fiber into
the connector so that an axial force s applied to the field fiber so as to cause the stub

fiber within the fiber optic connector to buckle.
16.  The installation tool of claim 15, wherein the slide engagement structure further

comprises at least one slide rail for guiding a sled containing the field fiber whereby the

sled causes the field fiber to be received by the optical connector.
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