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(57) ABSTRACT 

A fiber optic connector assembly and method employing one 
or more fiber movement supports. The one or more fiber 
movement Supports are each disposed around one or more 
optical fibers and are configured to inhibit kinks or sharp 
bends from occurring in the one or more optical fibers. The 
fiber movement Support is more rigid than an optical fiber. 
Thus, when a force is exerted on an optical fiber in a direction 
angled to the axis of the optical fiber, the force is directed to 
the fiber movement support. The fiber movement support 
translates the non-axial force in a direction toward the axis of 
the optical fiber. This causes the optical fiber to be pushed 
back towards the fiber optic cable instead of the kinking or 
bending the optical fiber, thus avoiding or reducing high 
insertion losses resulting from bending of the optical fiber. 
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FIBER OPTC CONNECTOR ASSEMBLY 
EMPLOYING FIBER MOVEMENT SUPPORT 

AND METHOD OF ASSEMBLY 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a fiber optic connec 
tor assembly and method employing one or more fiber move 
ment Supports disposed around one or more optical fibers to 
inhibit sharp bending in the one or more optical fibers. The 
fiber movement Support is more rigid than the optical fiber, so 
the fiber movement support translates force exerted on the 
optical fiber towards the axis of the optical fiber to inhibit 
bending. 
0003 2. Technical Background 
0004 Optical fiber is increasingly being used for a variety 
of applications, including but not limited to broadband Voice, 
video, and data transmission. Benefits of optical fiber use 
include extremely wide bandwidth and low noise operation. 
With the increasing and varied use of optical fibers, it is 
important to provide efficient methods of interconnecting 
optical fibers. Fiber optic connectors have been developed for 
this purpose. It is important that fiber optic connectors not 
significantly attenuate or alter the transmitted signal. In addi 
tion, the fiber optic connector should be relatively rugged and 
adapted to be connected and disconnected a number of times 
in order to accommodate changes in the optical fiber trans 
mission path. Because of the skill required in making optical 
fiber connections and the variances in applications and envi 
ronments, fiber optic cables carrying one or more optical 
fibers are typically pre-connectorized with fiber optic connec 
tors by the fiber optic cable manufacturer before the fiber 
optic cable is deployed. 
0005 Fiber optic connectors may be designed to intercon 
nect one or more optical fibers. For example, a duplex fiber 
optic cable carries two optical fibers for full duplex commu 
nications. A duplex fiber optic connector is typically 
employed to provide a connector for the two optical fibers in 
a duplex fiber optic cable. An example of a duplex LC fiber 
optic connector 10 is illustrated in FIG.1. The duplex LC fiber 
optic connector 10 provides a connector for two optical fibers 
(illustrated in FIG. 2) enclosed in a cablejacket 11 of a duplex 
fiber optic cable 12. Buffered optical fibers 42A, 42B (illus 
trated in FIG. 2) enclosed in the cable jacket 11 are exposed 
from the cable jacket 11 on an end portion. Bare optical fibers 
13A, 13B contained within the buffered optical fibers are also 
exposed on respective end portions 15A, 15B (illustrated in 
FIG. 2) of the buffered optical fibers. The end portions 15A, 
15B are inserted through a boot 14. The boot 14 prevents 
sharp bends from occurring in the duplex fiber optic cable 12 
adjacent a connector housing 16 comprised of an upper hous 
ing 17 and a lower housing (illustrated as element 36 in FIG. 
2). The end portions of the optical fibers exit the boot 14 and 
enter the connector housing 16 and are inserted into respec 
tive fiber optic connector sub-assemblies 18A, 18B supported 
by the connector housing 16. More specifically, the end por 
tions of the optical fibers are inserted through respective 
ferrule holder passages defined by ferrule holders 20A, 20B 
contained inside respective connector Sub-assembly housings 
21A, 21B, whereby the bare portions of the optical fibers 
13A, 13B extend through ferrules 24A, 24B held by the 
ferrule holders 20A, 20B. In the illustrated example, the fiber 
optic connector sub-assemblies 18A, 18B are LC fiber optic 
connector Sub-assemblies. 
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0006 An optical connection may be established with the 
bare optical fibers 13A, 13B of the duplex fiber optic cable 12 
using one or more adapters 26. As illustrated in FIG. 1, two 
female-to-female LC adapters 26A, 26B are shown; one for 
connection to each LC connector Sub-assembly housing 21A, 
21B. Each LC connector sub-assembly housing 21A, 21B 
contains a lever 28A, 28B (illustrated in FIG. 2) that contains 
latches 29A, 29B configured to latch into latch orifices 30A, 
30B formed in the LC adapters 26A, 26B on a first end 32A, 
32B to create a secure fit between the connector sub-assembly 
housings 21A, 21B and the LC adapters 26A, 26B. This 
connection can be released by engaging the levers 28A, 28B 
to release the latches 29A, 29B from the latch orifices 30A, 
30B. The connector housing 16 includes a latch release 34 
configured to engage and release both latches 29B, 29B with 
one action. The LC adapters 26A, 26B each define an internal 
orifice (not shown) configured to receive the ferrules 24A, 
24B and align them with complimentary ferrules from optical 
connectors connected to the opposing end of the LC adapter 
26. 

0007 FIG. 2 illustrates the duplex LC fiber optic connec 
tor 10 of FIG. 1 with the upper housing 17 of the connector 
housing 16 removed from the lower housing 36. The upper 
housing 17 and lower housing 36 are molded such that a 
connector housing passage 38 is formed inside the connector 
housing 16 when the upper housing 17 and lower housing 36 
are attached to each other. A portion of ferrule holders 40A, 
40B and buffered optical fibers 42A, 42B from the duplex 
fiber optic cable 12 are disposed in the connector housing 
passage 38. To establish a connection between the bare opti 
cal fibers 13A, 13B and the duplex LC fiber optic connector 
10, the duplex fiber optic cable 12 is inserted through the boot 
14 and into a crimp body 44 retained in a crimp body recess 46 
defined by the connector housing 16. The crimp body 44 
secures the cable jacket 11 in the connector housing passage 
38 of the connector housing 16. 
0008. The connector housing 16 is designed to separate 
the buffered optical fibers 42A, 42B from the duplex fiber 
optic cable 12 into their own individual LC fiber optic con 
nector sub-assemblies 18A, 18B. In this regard, the two buff 
ered optical fibers 42A, 42B, each with exposed bare optical 
fibers 13A, 13B on their ends, extend through the crimp body 
44 and into the ferrule holders 20A, 20B. A portion of the 
ferrule holders 40A, 40B are retained inside the lower hous 
ing 36 in ferrule holder recesses 45A, 45B. The ferrule hold 
ers 40A, 40B illustrated in FIG. 2 include indentions 47A, 
47B formed in the outer body of the ferrule holders 40A, 40B 
that are configured to mate with the ferrule holder recesses 
45A, 45B. The ferrule holders 20A, 20B extend out from the 
ferrule holder recesses 45A, 45B from the connector housing 
16 into the connector sub-assembly housings 21A, 21B. The 
upper housing 17 and the lowerhousing 36 are mated together 
via protrusions formed by and extending downward on sides 
of the upper housing 17 that snap fit it into recesses 43 dis 
posed in the lower housing 36. The upper housing 17 and the 
lowerhousing 36 also contain alignment features 48 to ensure 
that the upper housing 17 is placed onto the lower housing 36 
in the correctorientation. FIG. 2 also shows a dual adapter 26 
formed by a single housing, as opposed to the individual LC 
adapters 26A, 26B illustrated in FIG. 1, for establishing an 
optical connection with the bare optical fibers 13A, 13B. 
0009 FIG. 3 illustrates the duplex fiber optic connector 
assembly of FIG. 2 with one of the fiber optic connector 
sub-assemblies 18A, 18B inserted into the individual adapter 
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26A illustrated in FIG. 1. A bend of about 45 degrees is 
present in buffered optical fiber 42A. The bend is a result of a 
force exerted back onto the ferrule 24A as a result of connect 
ing adapter 24A to the optical connector Sub-assembly 18A. 
The force exerted on the buffered optical fiber 42A as a result 
may have been caused by friction of the adapter 26A exerting 
a force on the ferrule 24A causing a spring (not shown) inside 
the fiber optic connector sub-assembly 18A to move back. 
Alternatively, the force exerted on the buffered optical fiber 
42A may be caused by differences in spring force between 
fiber optic connector Sub-assemblies mated together through 
the adapter 26. Bending of an optical fiber, and in particular 
excess bending of an optical fiber such as illustrated in FIG.3, 
results in high insertion loss. 
0010 Sharp bending of optical fibers, such as in the buff 
ered optical fiber 42A illustrated in FIG.3, occurs because the 
force is exerted on an optical fiber in a direction that is not 
parallel or substantially parallel with the axis of the fiber optic 
cable. For example as illustrated in FIG.3, because the ferrule 
holders 20A, 20B are aligned along longitudinal axes 49A, 
49B, a force exerted by the ferrules 24A, 24A onto the buff 
ered optical fibers 42A, 42B is also directed along the longi 
tudinal axes 49A, 49B. However, longitudinal axes 53A, 53B 
of the buffered optical fibers 42A, 42B are angled at angle 0. 
with respect to the longitudinal axes 49A, 49B of the ferrule 
holders 20A, 20B, because the buffered optical fibers 42A, 
42B come into the connector housing 16 along a longitudinal 
axis 50 that is offset from longitudinal axes 49A, 49B. Thus, 
the force is directed onto the buffered optical fibers 42A, 42B 
along the longitudinal axes 49A, 49B of the ferrule holders 
20A, 20B and at an angle 0 with respect to the longitudinal 
axes 53A, 53B of the buffered optical fibers 42A, 42B. Thus, 
the force is not an axial force with respect to the buffered 
optical fibers 42A, 42B, because the force in not directed 
along or in a plane parallel to the longitudinal axes 53A, 53B 
of the buffered optical fibers 42A, 42B. This non-axial force 
causes the buffered optical fibers 42A, 42B to kink or bend 
instead of the force pushing the buffered optical fibers 42A, 
42B towards the longitudinal axes 53A, 53B and back into the 
duplex fiber optic cable 12. 

SUMMARY OF THE DETAILED DESCRIPTION 

0011 Embodiments of the present invention include a 
fiber optic connector assembly employing one or more fiber 
movement Supports. The one or more fiber movement Sup 
ports are each disposed around one or more optical fibers 
contained inside an optical connector housing. The one or 
more fiber movement Supports are configured to inhibit sharp 
bends from occurring in the one or more optical fibers as a 
result of a force exerted on the one or more optical fibers in a 
direction angled to the axis of the one or more optical fibers. 
The fiber movement Support is more rigid than an optical 
fiber. Thus, when a force is exerted on an optical fiber in a 
direction angled to the axis of the optical fiber supported by 
the fiber movement support, the force is directed to the fiber 
movement Support. The fiber movement Support translates 
the non-axial force in a direction towards the longitudinal axis 
of the optical fiber. This causes the optical fiber to be pushed 
back towards and/or into the fiber optic cable, thus avoiding or 
reducing kinking or bending of the optical fiber. In this man 
ner, high insertion losses that can occur as a result of bending 
are avoided or reduced. Embodiments of the invention also 
include a method of assembling a fiber optic connector 
assembly employing a fiber movement Support. 
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0012. In one embodiment, one or more optical fibers from 
a fiber optic cable are exposed on an end portion and are 
inserted into a rear end of a fiber optic connector housing. The 
exposed optic fiber includes a bare portion of optical fiber. 
The end portion of the optical fiberis inserted into a dedicated 
fiber movement support, which is inserted into a ferrule 
holder passage defined by a ferrule holder of a fiber optic 
connector sub-assembly. The end portion of the optical fiber 
extends through the fiber movement support, into the ferrule 
holder passage, and through a ferrule held by the ferrule 
holder in the fiber optic connector sub-assembly. The ferrule 
holder extends through a front end of the connector housing 
with the bare optical fiber exposed through the ferrule of the 
fiber optic connector sub-assembly. The longitudinal axis of 
the ferrule holder passage is offset from the longitudinal axis 
of the fiber optic cable and thus is angled with respect to the 
axis of the optical fiber. Thus, if a force is exerted onto the 
ferrule and back onto the optical fiber contained therein, the 
force is exerted in a direction that is angled to the axis of the 
optical fiber and thus not an axial force with respect to the 
optical fiber. This is because the longitudinal axis of the 
ferrule holder passage is angled to the axis of the optical fiber 
contained therein. However, the fiber movement support 
translates the non-axial force in a direction toward the axis of 
the optical fiberto director push the optical fiberback into the 
fiber optic cable thus avoiding or reducing kinking or bending 
of the optical fiber. 
0013 The fiber optic connector housing employing a fiber 
movement Support according to the present invention may 
Support any number of optical fibers. In one embodiment, the 
fiber optic connector is a duplex fiber optic connector for 
connecting to a duplex fiber optic cable containing two buff 
ered optical fibers therein. Two distinct fiber optic connector 
sub-assemblies, each with fiber movement supports inserted 
into the ferrule holder passages therein, are Supported by the 
duplex fiber optic connector. The fiber optic connector sub 
assemblies may be aligned along longitudinal axes that are 
offset from the longitudinal axis of the rear end of the duplex 
fiber optic connector housing, Such that force exerted on the 
buffered optical fibers is angled to the axis of the buffered 
optical fibers. 
0014. The fiber movement support may be provided in any 
form or structure so long as it is capable of translating force 
exerted on an optical fiber disposed therein. In one embodi 
ment, the fiber movement support is provided in the form of 
one or more stiffener tubes, wherein one or more optical fibers 
supported by the fiber optic connector are inserted into the 
one or more stiffener tubes. In another embodiment, the fiber 
movement Support is provided in the form of one or more 
channels molded into a fiber optic connector housing wherein 
one or more optical fibers are disposed inside the one or more 
channels. In yet another embodiment, the fiber movement 
support is provided in the form of an insert with one or more 
insert channels contained therein. The insert is inserted inside 
and Supported by the fiber optic connector housing. The one 
or more optical fibers are inserted or placed into the one or 
more channels in the insert. 

0015. Additional features and advantages of the invention 
will be set forth in the detailed description which follows, and 
in part will be readily apparent to those skilled in the art from 
that description or recognized by practicing the invention as 
described herein, including the detailed description that fol 
lows, the claims, as well as the appended drawings. 
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0016. It is to be understood that both the foregoing general 
description and the following detailed description present 
embodiments of the invention, and are intended to provide an 
overview or framework for understanding the nature and 
character of the invention as it is claimed. 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 embodi 
ments of the invention, and together with the description 
serve to explain the principles and operation of the invention. 

BRIEF DESCRIPTION OF THE FIGURES 

0017 FIG. 1 is a view of a prior art duplex fiber optic 
cable, connector, and adapter, 
0018 FIG. 2 is a top view of the duplex fiber optic con 
nector of FIG. 1 showing the optical fibers inside an exposed 
fiber optic connector housing and inserted into fiber optic 
connector Sub-assemblies of a fiber optic connector; 
0019 FIG. 3 is a close-up top cross section view of the 
connector housing and fiber optic connector Sub-assemblies 
of FIG.2 showing an excess bend in an optical fiber caused by 
the force exerted by the adapter on the ferrule when con 
nected; 
0020 FIG. 4 is a top view of an unconnected fiber optic 
connector employing stiffener tubes as fiber movement Sup 
ports for optical fibers disposed in a fiber optic connector 
housing and inserted into fiber optic connector Sub-assem 
blies of a fiber optic connector, according to one embodiment 
of the invention; 
0021 FIG. 5 is the fiber optic connector of FIG. 4 con 
nected to an adapter, wherein the stiffener tubes disperse 
force exerted by the adapter against the ferrules of the fiber 
optic connector Sub-assemblies; 
0022 FIG. 6 is a fiber optic connector sub-assembly with 
a stiffener tube inserted into the ferrule holder passage of the 
ferrule holder prior to insertion of an optical fiber into the 
fiber movement Support and ferrule holder passage, accord 
ing to one embodiment of the invention; 
0023 FIG. 7 is a top cross section view of the fiber optic 
connector sub-assembly of FIG. 6; 
0024 FIG. 8 is the fiber optic connector sub-assembly of 
FIGS. 6 and 7, showing how an optical fiber is inserted into 
the stiffener tube and into the ferrule holder passage of the 
fiber optic connector Sub-assembly, according to one embodi 
ment of the invention; 
0025 FIG. 9 is a top view of a fiber optic connector 
employing fiber movement Support in the form of an insert 
inserted into a fiber optic connector housing of a fiber optic 
connector defining channels for Supporting optical fibers 
inserted therein, according to an alternative embodiment of 
the invention; 
0026 FIG. 10 is a top view of a fiber optic connector 
employing fiber movement Supports in the form of channels 
molded into a fiber optic connector housing of a fiber optic 
connector for Supporting optical fibers inserted therein, 
according to another alternative embodiment of the invention; 
and 

0027 FIG. 11 is a top view of fiber optic connectors 
employing a single fiber movement Support for a single opti 
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cal fiber disposed in a single fiber optic connector housing, 
according to alternative embodiments of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0028 Reference will now be made in detail to the pre 
ferred embodiments of the present invention, examples of 
which are illustrated in the accompanying drawings. When 
ever possible, like reference numbers will be used to refer to 
like components or parts. 
0029 Embodiments of the present invention include a 
fiber optic connector assembly employing one or more fiber 
movement Supports. The one or more fiber movement Sup 
ports are each disposed around one or more optical fibers 
contained inside an optical connector housing. The one or 
more fiber movement Supports are configured to inhibit sharp 
bends from occurring in the one or more optical fibers as a 
result of a force exerted on the one or more optical fibers in a 
direction angled to the axis of the one or more optical fibers. 
The fiber movement Support is more rigid than an optical 
fiber. Thus, when a force is exerted on an optical fiber in a 
direction angled to the axis of the optical fiber supported by 
the fiber movement support, the force is directed to the fiber 
movement Support. The fiber movement Support translates 
the non-axial force in a direction towards the longitudinal axis 
of the optical fiber. This causes the optical fiber to be pushed 
back towards and/or into the fiber optic cable, thus avoiding or 
reducing kinking or bending of the optical fiber. In this man 
ner, high insertion losses that can occur as a result of bending 
are avoided or reduced. Embodiments of the invention also 
include a method of assembling a fiber optic connector 
assembly employing a fiber movement Support. 
0030. In one embodiment, one or more optical fibers from 
a fiber optic cable are exposed on an end portion and are 
inserted into a rear end of a fiber optic connector housing. The 
exposed optic fiber includes a bare portion of optical fiber. 
The end portion of the optical fiberis inserted into a dedicated 
fiber movement support, which is inserted into a ferrule 
holder passage defined by a ferrule holder of a fiber optic 
connector sub-assembly. The end portion of the optical fiber 
extends through the fiber movement support, into the ferrule 
holder passage, and through a ferrule held by the ferrule 
holder in the fiber optic connector sub-assembly. The ferrule 
holder extends through a front end of the connector housing 
with the bare optical fiber exposed through the ferrule of the 
fiber optic connector sub-assembly. The longitudinal axis of 
the ferrule holder passage is offset from the longitudinal axis 
of the fiber optic cable and thus is angled with respect to the 
axis of the optical fiber. Thus, if a force is exerted onto the 
ferrule and back onto the optical fiber contained therein, the 
force is exerted in a direction that is angled to the axis of the 
optical fiber and thus not an axial force with respect to the 
optical fiber. This is because the longitudinal axis of the 
ferrule holder passage is angled to the axis of the optical fiber 
contained therein. However, the fiber movement support 
translates the non-axial force in a direction toward the axis of 
the optical fiberto director push the optical fiberback into the 
fiber optic cable thus avoiding or reducing kinking or bending 
of the optical fiber. 
0031 FIG. 4 illustrates an exemplary embodiment of the 
present invention employing a duplex LC fiber optic connec 
tor 10. Many of the features of the duplex LC fiber optic 
connector 10 illustrated in FIG. 4 (as indicated by the com 
mon numeric labeling of components) are common to those 
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illustrated in FIGS. 1-3 previously discussed. Thus, these 
common features will not be repeated. However, the duplex 
LC fiber optic connector 10 employs two fiber movement 
supports, one for each buffered optical fiber 42A, 42B of the 
duplex fiber optic cable 12 in the form of stiffener tubes 51A, 
51B. In this embodiment, the stiffener tubes 51A, 51B are cut 
lengths of tubing with the buffered optical fibers 42A, 42B 
inserted therein, typically before placement or insertion of the 
buffered optical fibers 42A, 42B inside the connector housing 
16. 

0032. In this disclosed embodiment, the stiffener tubes 
51A, 51B are each disposed at angle 0 with respect to the 
longitudinal axis 50 of the duplex fiber optic cable 12, 
because the buffered optical fibers 42A, 42B are disposed 
within the connector housing 16 at angle 0 with respect to 
the longitudinal axis 50 when inserted into the ferrule holders 
20A, 20B. In this embodiment, the angle 0 is an acute angle 
of about 15 degrees. This angle is due to the offset between the 
longitudinal axes 49A, 49B of the ferrule holders 20A, 20B 
and longitudinal axis 50 of the buffered optical fibers 42A, 
42B coming into the connector housing 16. This offset is 
about 3.2 millimeters (mm) in this embodiment. The offset 
may be at least 2.0 millimeters (mm) in other embodiments. 
This offset between the longitudinal axes 49A, 49B of the 
ferrule holders 20A, 20B and longitudinal axis 50 of the 
buffered optical fibers 42A, 42B causes force exerted back on 
the buffered optical fibers 42A, 42B to push the buffered 
optical fibers 42A, 42B along the longitudinal axes 49A, 49B 
of the ferrule holders 20A, 20Band not along the longitudinal 
axes 53A, 53B of the buffered optical fibers 42A, 42B toward 
the duplex fiber optic cable 12. The force exerted onto the 
buffered optical fibers 42A, 42B is a non-axial force due to 
this offset. Thus, the buffered optical fibers 42A, 42B can kink 
and/or bend as a result if a fiber movement support is not 
employed. When the stiffener tubes 51A, 51B are employed, 
force exerted on the buffered optical fibers 42A, 42B causes 
the buffered optical fibers 42A, 42B to contact the inner wall 
(not shown) of the stiffener tubes 51A, 51B. Because the 
stiffener tubes 51A, 51B are constructed out of a more rigid 
material than the buffered optical fibers 42A, 42B, the stiff 
ener tubes 51A, 51B translate this non-axial force into an 
axial force in a direction towards the longitudinal axes 53A, 
53B of the buffered optical fibers 42A, 42B. Thus, the buff 
ered optical fibers 42A, 42B are pushed back toward and 
inside the duplex fiber optic cable 12, thus preventing or 
reducing bending in the buffered optical fibers 42A, 42B. 
0033. If any bending does occurs, it is more gradual 
because of the stiffener tubes 51A, 51B. Sharp bending of the 
buffered optical fibers 42A, 42B, like that illustrated in FIG. 
3 for example, is inhibited. When it is stated that a force is 
translated towards the longitudinal axis of an optical fiber, 
this means that the direction force, initially a force directed 
generally along the longitudinal axes 49A, 49B of the ferrule 
holders 20A, 20B (and thus non-axial with respect to the 
buffered optical fibers 42A, 42B) is changed in direction by 
Some angle greater than Zero towards the longitudinal axes 
53A, 53B of the buffered optical fibers 42A, 42B. The force 
may be translated Such that the initially non-axial force is 
translated into an axial or substantially axial force with 
respect to the buffered optical fibers 42A, 42B. The change in 
direction towards the longitudinal axes 49A, 49B of the buff 
ered optical fibers 42A, 42B may cause the force to be 
directed in alignment or Substantial alignment with the lon 
gitudinal axes 49A, 49B of the buffered optical fibers 42A, 
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42B, although Such is not required by the present invention. In 
this embodiment, the stiffener tubes 51A, 51B translate the 
direction of the force at about an angle of 15 degrees towards 
the longitudinal axes of the buffered optical fibers 42A, 42B, 
although the present invention is not limited to a particular 
translation angle. 
0034 FIG. 5 illustrates the same duplex LC fiber optic 
connector 10 of FIG.4, but the connector sub-assembly hous 
ings 21A, 21B and the ferrules 24A, 24B have been inserted 
and connected inside the dual LC adapter 26'. In this embodi 
ment, a single body, dual LC adapter 26' is employed as 
opposed to individual, single adapters 26 as illustrated in FIG. 
4. As previously discussed, insertion of the connector Sub 
assembly housings 21A, 21B and the ferrules 24A, 24B, into 
the adapter 26' can be one cause of excess force being exerted 
back onto the buffered optical fibers 42A, 42B disposed in the 
connector housing 16. As illustrated, the buffered optical 
fibers 42A, 42B do not suffer from sharp bending like that 
illustrated in FIG. 3, because stiffener tube 51A translates the 
force towards the longitudinal axis 53A of the buffered opti 
cal fiber 42A. Minimal bending may be defined as a small 
bend radius the connector housing 16 geometry requires at an 
angle between about 0 to 25 degrees. For example, the sharp 
estangle of bending in the buffered optical fibers 42A, 42B 
disposed in the connector housing 16 of FIG. 5 is about 15 
degrees. The stiffener tubes 51A, 51B are translating the 
exerted force over a greater length of the buffered optical 
fibers 42A, 42B. 
0035. The buffered optical fibers 42A, 42B may be tight 
buffered optical fibers, meaning that the buffer tube disposed 
around the bare optical fibers 13A, 13B is tightly bound 
around the optical fibers 13A, 13B. For example, the buffered 
tube may be constructed out of a thermoplastic material, or a 
fluropolymer such as Tetrafluoroethylene (TFE), Polytet 
rafluorethylene (PTFE), Polyvinylidene Fluoride (PVDF), 
and Poly Vinyl Chloride (PVC), as examples. The stiffener 
tubes 51A, 51B are typically selected such that their inner 
diameter is slightly larger than the outer diameter of the 
buffered optical fibers 42A, 42B. For example, the outer 
diameter of the buffered optical fibers 42A, 42B may be about 
900 micrometers (um). The inner diameter of the stiffener 
tubes 51A, 51B may be about 1000 micrometers (um) when 
designed to support the buffered optical fibers 42A, 42B. 
However, the stiffener tubes may be between about 300 and 
1000 micrometers (um) for other embodiments, especially if 
the stiffener tube is designed to support buffered optical fibers 
of less outer diameter and/or bare optical fibers. 
0036. The stiffener tubes 51A, 51B may be constructed 
out of any material that is more rigid that the buffered optical 
fibers 42A, 42B and rigid enough to translate force exerted 
onto the buffered optical fibers 42A, 42B. In this manner, the 
stiffener tubes 51A, 51B do not kink or bend as easily as the 
buffered optical fibers 42A, 42B, and as a result translate the 
non-axial force exerted onto the buffered optical fibers 42A, 
42B. For example, the range of forces not parallel to the axis 
of the buffered optical fibers 42A, 42B that may be exerted on 
the buffered optical fibers 42A, 42B may be between about 0 
Newtons (N) and 5 Newtons (N). Examples of materials that 
can be used to construct the stiffener tubes 51A, 51B include 
a high density Polyethylene (HPDE), or a fluropolymer, such 
as TFE, PTFE, PVDF, and PVC, as examples. The stiffener 
tubes 51A, 51B may also be constructed out of a Teflon 
(R)-based material, which contains a PTFE. The stiffener tubes 
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51A, 51B may be constructed out of any material desired as 
long as the stiffener tubes 51A, 51B disperse force exerted on 
optical fibers. 
0037. The stiffener tubes 51A, 51B are typically placed 
overtop the buffered optical fibers 42A, 42B before place 
mentor insertion into the connector housing 16. However, the 
stiffener tubes 51A, 51B may be disposed in the connector 
housing 16 before the buffered optical fibers 42A, 42B are 
inserted into the connector housing 16. Further, the stiffener 
tubes 51A, 51B may be disposed on both or only one of the 
buffered optical fibers 42A, 42B. For example, the construc 
tion of an LC optical connector sub-assembly 18 may be such 
that only one optical fiber bends sharply and in an undesired 
manner in response to a force exerted by the ferrule onto the 
optical fiber. One ferrule holder may be offset or offset more 
from the longitudinal axis of optical fibers coming into the 
connector housing 16 than another ferrule holder. Also, the 
stiffener tubes 51A, 51B may be employed with other types of 
optical fibers that do not include buffering and/or are not 
coated. 

0038. The present invention also includes embodiments 
involving a method of assembling a fiber optic connector 
assembly employing one or more fiber movement Supports. 
These methods and steps that may be employed as part of a 
method of assembling a fiber optic connector assembly 
employing one or more fiber movement Supports in the form 
of stiffener tubes 51A, 51B, such as inserted into the LC fiber 
optic connector sub-assemblies 18A, 18B illustrated in FIGS. 
4 and 5. However, these steps and methods may be employed 
for any fiber optic connector employing at least one fiber 
movement Support to support any type of optical fiber, 
whether buffered, coated, disposed within any other type of 
structure or Support, or not. 
0039. In a preferred embodiment, the process begins by 

first cutting stiffener tubes 51A, 51B to a desired length, such 
as from a stiffener tube roll. The length of the stiffener tubes 
51A, 51B is pre-selected such that the stiffener tubes 51A, 
51B can be inserted into a ferrule holder passage, such as 
ferrule holder passage 56A illustrated in FIG. 6. Although 
only one fiber optic connector sub-assembly 18A is illus 
trated, this step may also be performed for the other fiber optic 
connector Sub-assemblies, including, for example, connector 
sub-assembly 18B for the duplex LC fiber optic connector 10. 
The length of the stiffener tubes 51A, 51B are selected so that 
they extend out from the ferrule holder passages 56A, 56B 
disposed inside the ferrule holders 20A, 20B in a sufficient 
length to support insertion of the buffered optical fibers 42A, 
42B through the stiffener tubes 51A, 51B and inside the 
ferrule holders 20A, 20B. 
0040. Thereafter, the stiffener tubes 51A, 51B are inserted 
into the ferrule holder passages as illustrated by stiffener tube 
51A inserted into the ferrule holder passage 56A of the con 
nector sub-assembly 18A in FIGS. 6 and 7. The stiffener 
tubes 51A, 51B may be inserted by hand or machine. It may 
be desirable or convenient to insert the stiffener tubes 51A, 
51B into the ferrule holders 20A, 20B before the ferrule 
holders 20A, 20B are inserted or placed into the connector 
housing 16. The stiffener tube 51A, 51B may be used as a 
guide for inserting the buffered optical fibers 42A, 42B into 
the ferrule holder passages 56A, 56B. Further, an insertion 
device 68, Such as a Syringe for example, may be employed to 
assist in the insertion of the stiffener tubes 51A, 51B into the 
ferrule holder passages 56A, 56B. The insertion device 68 
would ideally have an outer diameter that is less than the inner 
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diameter of the stiffener tubes 51A, 51B, and rigid enough to 
support insertion of the stiffener tubes 51A, 51B into the 
ferrule holder passages 56A, 56B. This is illustrated by 
example in FIG. 6, wherein the stiffener tube 51A inserted 
into the ferrule holder passage 56A of the ferrule holder 20A. 
Further, if the fiber optic connector supports a connector to 
more than two optical fibers, the step of inserting the stiffener 
tube into the ferrule holder passage is performed for all fiber 
optic connector Sub-assemblies that employ a fiber move 
ment Support. 
0041 FIG. 7 is a top cross section view of the fiber optic 
connector sub-assembly 18A of FIG. 6 showing the insertion 
of the stiffener tube 51A into the ferrule holder passage 56A 
of the ferrule holder 20A. As illustrated, the stiffener tube 
51A is inserted through a ferrule holder opening 58A defined 
by the ferrule holder 20A creating the ferrule holder passage 
56A therein. The stiffener tube 51A is typically inserted fully 
into the ferrule holder passage 56A until a first end 60A of the 
stiffener tube 51A abuts against a ferrule bore opening 62A 
leading into a ferrule bore 64A for receiving the bare optical 
fiber 13A exposed on the end portion 15A of the buffered 
optical fiber 42A. The outer diameter of the stiffener tube 51A 
is larger than the inner diameter of the ferrule bore opening 
62A. Due to the length of the stiffener tube 51A, a portion 
65A of the Stiffener tube 51A extends outside the ferrule 
holder passage 56A terminating at a second end 66A of the 
Stiffener tube 51A. This second end 66A of the Stiffener tube 
51A receives the bare optical fiber 13A. 
0042. The next step in this preferred embodiment is to strip 
the end portions 15A, 15B of the cablejacket 11 of the duplex 
fiber optic cable 12 to the desired or necessary lengths to 
expose the buffered optical fibers 42A, 42B and the bare 
optical fibers 13A, 13B disposed therein for insertion into the 
connector housing 16 and fiber optic connector Sub-assem 
blies 18A, 18B. This is illustrated in FIG.8 for one of the fiber 
optic connector Sub-assemblies 18A, but is equally applicable 
for any other fiber optic connector Sub-assemblies Supported 
by a connector housing, including connector Sub-assembly 
18B. The bare optical fibers 13A, 13B should be exposed a 
length sufficient to extend through the ferrules 24A, 24B 
when inserted into their respective stiffener tubes 51A, 51B 
and through the ferrule bore 64A. For example, ten millime 
ters (mm) of the bare optical fibers 13A, 13B may be exposed. 
Thereafter, the end portions 15A, 15B of the duplex fiber 
optic cable 12 with the exposed buffered optical fibers 42A, 
42B and bare optical fibers 13A, 13B extending therefrom are 
inserted through the boot 14, through the crimp body 44, and 
into their respective stiffener tubes 51A, 51B and through the 
ferrules 24A, 24B. The bare optical fibers 13A, 13B are 
inserted through the ferrule bores 64A, 64B until the bare 
optical fibers 13A, 13B extend through the ferrules 24A, 24B, 
wherein the bare optical fibers 13A, 13B can be cleaved and 
polished. The fiber optic connector sub-assemblies 18A, 18B, 
and more specifically the indentions 47A, 47B formed by the 
ferrule holders 20A, 20B are inserted into the ferrule holder 
recesses 45A, 45B molded into the lower housing 36 of the 
connector housing 16. Thereafter, the upper housing 17 of the 
connector housing 16 is inserted on top of the lower housing 
36 to secure the connector housing 16 and the buffered optical 
fibers 42A, 42B split into respective ferrule holders 20A, 20B 
therein. 

0043. Thus far, the stiffener tubes 51A, 51B have been 
described as one form offiber movement supports that may be 
used for the present invention. However, any supporting 
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device or structure may be used as a fiber movement Support 
So long as the device or structure Supports an optical fiberand 
is able to translate a force exerted on an optical fiber toward 
the axis of the optical fiber. In this regard, FIGS. 9-11 illus 
trate alternative embodiments of fiber movement supports 
and fiber optic connectors that may also be used for the been 
invention and provide Support that the present invention is not 
limited to any particular type of fiber movement Support or 
Structure. 

0044 FIG. 9 illustrates another embodiment of the present 
invention. FIG. 9 illustrates a top view of the duplex LC fiber 
optic connector 10 of FIGS. 4 and 5; however, the fiber 
movement support is not provided in the form of a stiffener 
tube 51. Instead, the fiber movement support is provided in 
the form of an insert 70 providing one or more insert channels 
71 disposed therein. In this embodiment, two insert channels 
71A, 71B are provided in the insert 70 since the connector 
housing 16 supports the duplex fiber optic cable 12. The insert 
channels 71A, 71B form a V-shape, where each insert channel 
71A, 71B separates at an acute angle 0 with respect to the 
longitudinal axis 50 of the fiber optic cable (not shown) and a 
common insert channel portion 72 that receives the buffered 
optical fibers 42A, 42B. The insert channels 71A, 71B direct 
the buffered optical fibers 42A, 42B to their respective ferrule 
holders 20A, 20B. Similar to the stiffener tubes 51A, 51B, the 
insert channels 71A, 71B support the buffered optical fibers 
42A, 42B and translate force exerted onto the buffered optical 
fibers 42A, 42B in a direction towards the axes 53A, 53B of 
the buffered optical fibers 42A, 42B. The force exerted on the 
buffered optical fiber 42B illustrated in FIG.9 is directed to an 
inner wall 73B of the molded channel, which then translates 
the force to inhibit sharp bending in the buffered optical fiber 
42B. Note that any number of insert channels 71 may be 
present in the insert 70 to accommodate any number of optical 
fibers to provide fiber movement supports for the optical 
fibers. 

0045. In this embodiment, the insert 70 is placed into the 
lower housing 36 of the connector housing 16. The insert 70 
may be constructed out of the same material as the connector 
housing 16, but this is not necessarily required. The buffered 
optical fibers 42A, 42B, only one of which is shown in FIG.9 
(42B), are placed inside the insert channels 71A, 71B during 
assembly. The buffered optical fibers 42A, 42B may be placed 
inside the insert channels 71A, 71B after the insert 70 is 
placed inside the lower housing 36, however, it may be easier 
to place the buffered optical fibers 42A, 42B inside the insert 
channels 71A, 71B before the insert 70 is placed inside the 
lower housing 36. Although not shown, the upper housing 17 
may also contain a complementary insert So that the insert 
channels 71A, 71B in both the lowerhousing 36 and the upper 
housing 17 either completely or substantially envelop the 
buffered optical fibers 42A, 42B. However, providing an 
insert 70 in either the upper housing 17 or the lower housing 
36 is possible so long as the buffered optical fibers 42A, 42B 
are Supported therein. 
0046 FIG. 10 illustrates another embodiment of the 
present invention. FIG. 10 illustrates a top view of the duplex 
LC fiber optic connector 10 of FIGS. 4 and 5; however, the 
fiber movement support is not provided in the form of a 
stiffener tube 51. Instead, the fiber movement support is pro 
vided in the form of one or molded channels 74 molded into 
the connector housing 16. In this embodiment, two molded 
channels 74A, 74B are provided since the connector housing 
16 supports the duplex fiber optic cable 12. The molded 
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channels 74A, 74B form a V-shape, where each molded chan 
nel 74A, 74B separates at an acute angle 0 with respect to the 
longitudinal axis 50 of the fiber optic cable (not shown) and a 
common molded channel portion 76 that receives the buffered 
optical fibers 42A, 42B. The molded channels 74A, 74B 
direct the buffered optical fibers 42A, 42B to their respective 
ferruleholders 20A, 20B. Only one buffered optical fiber 42B 
is illustrated for convenience, but the molded channel 74A 
may be employed to support the other buffered optical fiber 
42A as well. Similar to the stiffener tubes 51A, 51B, the 
molded channels 74A, 74B supports the buffered optical 
fibers 42A, 42B and translate force exerted onto the buffered 
optical fibers 42A, 42B. As illustrated in FIG. 10 for the 
example of the buffered optical fiber 42B, the force exerted on 
the buffered optical fiber 42B is directed to an inner wall 78B 
of the molded channel 74B, which then translates the force 
towards the longitudinal axis 53B to inhibit sharp bending in 
the buffered optical fiber 42B. Note that any number of 
molded channels 74 may be present to accommodate any 
number of optical fibers to provide fiber movement supports 
for the optical fibers. 
0047. In this embodiment, the molded channels 74A, 74B 
are molded into the lower housing 36 of the connector hous 
ing 16. The molded channels 74A, 74B are typically formed 
out of the same material as the connector housing 16, but do 
not necessarily have to be. The buffered optical fibers 42A, 
42B, only one of which is shown in FIG. 10 (42B), are placed 
inside the molded channels 74A, 74B during assembly. 
Although not shown, the upper housing 17 may also contain 
complementary molded channels so that the molded channels 
74 in both the lower housing 36 and the upper housing 17 
either completely or substantially envelop the buffered opti 
cal fibers 42A, 42B placed inside the channels. However, 
providing molded channels is only required for this embodi 
ment in either the upper housing 17 or the lowerhousing 36 so 
long as the buffered optical fibers 42A, 42B are supported 
therein. 

0048. Further, because the fiber movement support in this 
embodiment is molded into a permanent positioning in the 
connector housing 16, it may be desirable to design the 
molded channels 74A, 74B such that there is a tolerance left 
between the outside diameter of buffered optical fibers 42A, 
42B and the inner walls 78A, 78B. This allows easier inser 
tion of the buffered optical fibers 42A, 42B into the molded 
channels 74A, 74B since the buffered optical fibers 42A, 42B 
cannot be placed in the fiber movement supports before the 
fiber movement Supports are placed or inserted into the con 
nector housing 16, like was possible with the stiffener tubes 
51A, 51B of FIGS. 3-8. For example, the molded channels 
74A, 74B may be designed to have an inner width of distance 
D1, which may be about 2.0 millimeters (mm) to allow for a 
tolerance T1 of between about 0.5 and 1.0 millimeters (mm). 
However, the tolerance should be Small enough that kinking 
or sharp bending in the buffered optical fibers 42A, 42B does 
not occur before the force is translated. It may also be desir 
able to provide a surface finish in the molded channels 74A, 
74B so that the buffered optical fibers 42A, 42B can slide 
easily back to the duplex fiber optic cable 12 during transla 
tion. 

0049 FIG. 11 illustrates yet another alternative embodi 
ment of a fiber optic connector employing a fiber movement 
support. In FIG. 11, a single fiber optic connector 80 is pro 
vided that employs a connector housing 81 only supporting 
one buffered optical fiber 82. Although a fiber movement 
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Support, such as those illustrated in embodiments herein, may 
be more particularly useful for multiple fiber optic cables, a 
fiber movement Support may also be employed with single 
fiber optic cables as well if a force can be exerted onto a single 
fiber optic cable in a direction angled to the axis of the single 
fiber optic cable. For example, as illustrated in FIG. 11, if the 
connector housing 81 is designed to Support a ferrule holder 
20 of an optical connector sub-assembly 18 that has a longi 
tudinal axis 84 offset from a longitudinal axis 86 of the 
buffered optical fiber 82, such as illustrated in FIG. 11, force 
exerted onto the buffered optical fiber 82 will be directed at an 
angle (0s with respect to the longitudinal axis 87 of the buff 
ered optical fiber 82. 
0050. The fiber movement support is provided in the form 
of an insert 88 having an insert channel 92 to support the 
buffered optical fiber 82 inserted therein in a similar manner 
as the insert 70 of FIG. 10. The buffered optical fiber 82 is 
placed inside the insert channel 92 wherein the buffered opti 
cal fiber 82 will contact an inner wall 94 of the insert channel 
92 defined by the insert 88 when a force is exerted onto the 
buffered optical fiber 82. The insert channel 92 will translate 
force towards the longitudinal axis 86 of the buffered optical 
fiber 82. Thus, bending of the buffered optical fiber 82 is 
inhibited thereby avoiding or reducing high insertion losses 
that can be caused by sharp bending of an optical fiber. 
0051 Although the present invention has been illustrated 
and described herein with reference to preferred embodi 
ments and specific examples thereof, it will be readily appar 
ent to those of ordinary skill in the art that other embodiments 
and examples can perform similar functions and/or achieve 
like results. All Such equivalent embodiments and examples 
are within the spirit and scope of the present invention and are 
intended to be covered by the appended claims. It will also be 
apparent to those skilled in the art that various modifications 
and variations can be made to the present invention without 
departing from the spirit and scope of the invention. Thus, it 
is intended that the present invention cover the modifications 
and variations of this invention provided they come within the 
Scope of the appended claims and their equivalents. 

1. A fiber optic connector assembly, comprising: 
a connector housing, comprising: 
a first end configured to receive a first end portion of a first 

optical fiber from a fiber optic cable aligned along a first 
longitudinal axis; and 

a second end receiving a first ferrule holder having a first 
passage extending therethrough and aligned along a sec 
ond longitudinal axis offset a distance from the first 
longitudinal axis, wherein the first passage is in commu 
nication with a first ferrule; and 

a first fiber movement Support disposed in the connector 
housing and in communication with the first passage, 
and configured to receive and direct the first end portion 
into the first passage. 

2. The fiber optic connector of claim 1, wherein the fiber 
first movement Support is further configured to translate a 
nonaxial force exerted on the first end portion in a direction 
towards the longitudinal axis of the first end portion. 

3. The fiber optic connector assembly of claim 1, wherein 
the offset distance between the first longitudinal axis and the 
second longitudinal axis at least about 2.0 millimeters. 

4. The fiber optic connector assembly of claim 1, wherein 
the first fiber movement support translates the direction of the 
force exerted on the first end portion at an angle between 
about 15 degrees and 25 degrees. 

Apr. 1, 2010 

5. The fiber optic connector assembly of claim 1, wherein 
the first fiber movement support is constructed from a rigid 
material comprised from the group consisting of a thermo 
plastic material, a fluropolymer, Tetrafluoroethylene (TFE), 
Polytetrafluorethylene (PTFE), Polyvinylidene Fluoride 
(PVDF), and a Teflon(R)-based material. 

6. The fiber optic connector assembly of claim 1, wherein 
the first fiber movement support is adapted to guide the first 
end portion of the first optical fiber into the first passage. 

7. The fiber optic connector assembly of claim 1, wherein 
the first fiber movement support is comprised of a first stiff 
ener tube. 

8. The fiber optic connector assembly of claim 7, wherein 
the first stiffener tube has an inner diameter of between about 
300 and 1000 micrometers (um). 

9. The fiber optic connector assembly of claim 1, wherein 
the first fiber movement support is comprised of a first insert 
disposed within the connector housing. 

10. The fiber optic connector assembly of claim 9, wherein 
the first insert comprises a first insert channel. 

11. The fiber optic connector assembly of claim 1, wherein 
the first fiber movement support is comprised of a first molded 
channel molded inside the connector housing. 

12. The fiber optic connector assembly of claim 1, wherein 
the connector housing defines a first ferrule holder recess 
holding a portion of the first ferrule holder. 

13. The fiber optic connector assembly of claim 1, wherein 
the second end is further configured to receive a second end 
portion of a second optical fiber from a duplex fiber optic 
cable; 

wherein the second end receives a second ferrule holder 
having a second passage extending therethrough and 
aligned along a third longitudinal axis offset a distance 
from the first longitudinal axis, wherein the second pas 
Sage is in communication with a second ferrule; and 

a second fiber movement Support disposed in the connector 
housing and in communication with the second passage, 
and configured to receive and direct the second end 
portion into the second passage. 

14. The fiber optic connector assembly of claim 13, 
wherein the first fiber movement support and the second fiber 
movement Support are disposed within the connector housing 
at an acute angle with respect to the first and second longitu 
dinal axes. 

15. The fiber optic connector assembly of claim 13, 
wherein the first fiber movement support is adapted to receive 
and guide the first end portion into the first passage, and 
wherein the second fiber movement support is adapted to 
receive and guide the second end portion into the second 
passage. 

16. The fiber optic connector assembly of claim 13, 
wherein the first fiber movement support is comprised of a 
first stiffener tube, and the second fiber movement support is 
comprised of a second stiffener tube. 

17. The fiber optic connector assembly of claim 13, 
wherein the connector housing is comprised of an upper 
housing coupled to a lower housing defining a connector 
passage therebetween, and disposed around a portion of a first 
optical connector Sub-assembly, a portion of a second optical 
connector Sub assembly, the first fiber movement Support, and 
the second fiber movement Support. 

18. The fiber optic connector assembly of claim 17, 
wherein the lower housing defines at least one mating recess 
that mates with a protrusion defined by the upper housing. 
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19. A fiber optic connector assembly, comprising: 
an LC connector housing, comprising: 
a rear end configured to receive a first end portion and a 

second end portion both of a duplex first optical fiber 
aligned along a first longitudinal axis; and 

a front end for receiving: 
a first ferrule holder of a first LC connector sub-assembly 

having a first passage extending therethrough and 
aligned along a second longitudinal axis offset a dis 
tance from the first longitudinal axis, wherein the first 
passage is in communication with a first ferrule; and 

a second ferrule holder of a second LC connector sub 
assembly having a second passage extending there 
through and aligned along a third longitudinal axis offset 
a distance from the first longitudinal axis, wherein the 
second passage is in communication with a second fer 
rule: 

a first fiber movement Support disposed in the LC connec 
tor housing and in communication with the first passage, 
and configured to receive and direct the first end portion 
into the first passage; and 

a second fiber movement Support disposed in the LC con 
nector housing and in communication with the second 
passage, and configured to receive and direct the second 
end portion into the second passage. 

20. The fiber optic connector assembly of claim 19, 
wherein the distance of offset between the first longitudinal 
axis, and the second and third longitudinal axes is at least 
about 2.0 millimeters (mm). 

21. A method of assembling a fiber optic connector assem 
bly, comprising the steps of 

exposing a first end portion of a first optical fiber contained 
in a fiber optic cable aligned along a first longitudinal 
axis; 

inserting a first fiber movement Support into a first passage 
extending through a first ferrule holder of a first optical 
connector Sub-assembly aligned along a second longi 
tudinal axis offset a distance from the first longitudinal 
axis; and 
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inserting the first end portion into the first fiber movement 
Support and into the first passage. 

22. The method of claim 21, wherein the first fiber move 
ment Support is further configured to translate a nonaxial 
force exerted on the first end portion in a direction towards the 
longitudinal axis of the first end portion. 

23. The method of claim 21, further comprising placing a 
portion of the first optical connector Sub-assembly into a 
connector housing. 

24. The method of claim 23, wherein placing a portion of 
the first optical connector Sub-assembly into a connector 
housing comprises placing the portion of the first optical 
connector Sub-assembly into a first recess in a lower housing 
of the connector housing. 

25. The method of claim 23, further comprising attaching 
an upper housing of the connector housing onto the lower 
housing to secure the first optical connector Sub-assembly 
within the connector housing. 

26. The method of claim 23, further comprising placing the 
first end portion of the fiber optic cable into the connector 
housing. 

27. The method of claim 26, wherein placing the first end 
portion of the fiber optic cable into the connector housing 
comprises: 

inserting the first end portion through a crimp body; and 
placing the crimp body in a third recess in a lower housing 

of the connector housing. 
28. The method of claim 23, further comprising the steps 

of: 
exposing a second end portion of a second optical fiber 

contained in the fiber optic cable aligned along the first 
longitudinal axis; 

inserting a second fiber movement Support into a second 
passage extending through a second ferrule holder of a 
second optical connector Sub-assembly aligned along a 
third longitudinal axis offset a distance from the first 
longitudinal axis; and 

inserting the second end portion into the second fiber 
movement Support and into the second passage. 
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