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WO 2008/030432 PCT/US2007/019303

SPLICED-ON CONNECTOR SYSTEM AND METHOD, SPLICER,

AND CONNECTOR HOLDER FOR PRODUCING THE SAME

CROSS-REFERENCE TO RELATED APPLICATIONS

[01] This application claims priority from U.S. Provisional
Application No. 60/842,381 filed on September 6, 2006 and U.S. Provisional
Application No. 60/824,824 filed on September 7, 2006, the disclosures of
which are incorporated herein by reference.

BACKGROUND OF INVENTION

1. Field of Invention
[02] Apparatuses and methods consistent with the present invention
relate to a spliced-on connector system and a method, a splicer, and a
connector holder for producing the same.

2. Description of the Related Art
[03] A common way of terminating a cable for fiber to the premises
(FTTP) applications is to splice a fiber optic pigtail onto a drop cable. In order
to do this, some typé of fiber management tray and procedure must be
incorporated into the Optical Network Terminal (ONT).  The fiber
management process can require some skill to properly measure lengths and
route the lengths inside the ONT. The measuring/routing process adds time
and cost to the installation process.
[04] Additionally, splicing on a pigtail is a different process from

terminating either copper or coaxial cables. With both of these cables, the
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connector is placed at the end of the cable.

[05] Another way of terminating cables at the customer premises
includes using mechanical splices or field-installable connectors. However,
mechanical splices and field installable connectors have not béen proven to be
reliable for long periods of time because of environmental changes. They also .
introduce back reflections which significantly affect the output of analog video
systems and very high data rate digital video systems.

[06] An alternative method is to use pre-terminated cables, but this
method is very expensive.

[07] Splicing on a connector is possible, but requires a specially
designed connector and piece of equipment which is not very common in
typical FTTP applications. In particular, fiber optic fusion splicers in wide
commercial deployment have not had the functionality to terminate an optical
fiber with a spliced-on fiber optic connector. More specifically, fiber optic
fusion splicers have been unable to splice on a fiber optic connector that
incorporates the splice point within the body of the fiber optic connector. As a
result, an installer who wished to connect FTTP service at the ONT by cutting
the feeder fiber optic cable to length and directly terminating the feeder fiber
optic cable with a splice-on fiber optic connector was unable to do so.

[08] A fiber optic fusion splicer specifically configured to use a
specially designed fiber optic connector that incorporates the splice point in
the body of the connector has been proposed. However, this forces an installer

to buy new fusion splicing equipment. Additionally, this technical approach
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requires an installer to buy a connector that is specifically designed for one
method of termination - splicing the connector onto the optical fiber cable
using a specially configured splicer. Thus, an installer.is unable to use
industry standard connectors and industry standard fiber optic fusion splicers.

SUMMARY OF THE INVENTION

[09] Exemplary embodiments of the present invention overcome the
above disadvantages and other disadvantages not described above. Also, fhe
present invention is not required to overcome the disadvantages described
above, and an exemplary embodiment of the present invention may not
overcome any of the problems described above.

[10] It is an object of the invention to provide a spliced-on
connector system which is compatible with a variety of connector and cable
types, and maintains the optical integrity of the system, minimizing both
attenuation and back reflections of the system.

[11] It is a further object of the invention to provide a spliced-on
connector system which will enable customers to use their existing splicer
fleet to iﬁstall connectors, eliminate the need for fiber management within the
ONT or skill routing the fibers within the ONT, and allow the use of
inexpensive bulk reels of cable instead of the use of expensive pre-termina_lted
cables.

[12] It is a further object of the invention to provide a spliced-on
connector system in which the splice point is protected by an extender tube

which covers the splice point sleeve and attaches onto the back of industry



WO 2008/030432 PCT/US2007/019303

standard connectors.
[13] Another object of the invention is to provide a connector holder
which allows the existing base of fiber optic fusion splicers to be configured to
splice on a connector to an optical fiber without modification to the base
fusion splicer unit.
[14] According to an object of the present invention, there is
provided a spliced-on connector system including: a connector body; an
incoming fiber which is spliced to the connector body; a splice sleeve which
covers a splice point at which the incoming fiber is spliced to the connector
body; and an extender tube which covers the splice sleeve.

~  [15] The extender tube may be attached to the connector body.
[16] The extender body may restrict torsion and bending of the
splice sleeve.
[17] The connector body may include a short section of fiber which
is spliced to the incoming fiber. -
[18] : The splice sleeve may be heat-shrunk to fit tightly around the
incoming fiber, the short section of ﬁber,_ and the splice point.
[19] The short section of fiber may be glued to a connector portion
of the connector body.
[20] The spliced-on connector system may further include a relief
boot which is crimped or pressed to an end portion of the extender tube which
covers the incoming fiber.

[21] The relief boot may restrict motion of the incoming fiber with
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respect to the extender tube.

[22] - The extender tube may be one of press-fit, interference-fit, and
crimped, and thread onto the connector body.

[23] According to another object of the present invention, there is.
provided a method of producing a spliced-on connector system including:
splicing an incoming fiber to a connector body; covering, with a splice sleeve,
a splice point at which the splicing is pefformed; and covering the splice
sleeve with an extender tube.

[24] The method may further include attaching the extender tube to
the connector body. ‘

[25] The attaching may i;lclude one of press-fitting, interference-
fitting, crimping, and threading the extender tube to the connector body.

[26] The method may further include: before the covering the splice
sleeve with the extender tube, heat-shrinking the splice sleeve over the splice
point, the incoming fiber, and a short section of fiber of the connector body.
[27] The method may further include: attaching the extender tube to
the connector body.

[28] The method may further include: crimping, pressing, or
threading a Kevlar strength member retention sleeve onto fiber end portion of
the extender tube which covers the incorhing fiber. A strain relief boot may be
attached to the fiber end of the extender tube directly or over the Kevlar
strength member retention sleeve.

[29] The method may further include: before the splicing, sliding the
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splice sleeve over a jacket.

[30] The method may further include: crimping or pressing a relief
boot to a fiber end portion of the extender tube which covers the incoming
fiber, wherein Kevlar fibers of the jacket are arranged over the extender tube,
and wherein the crimping or pressing includes crimping or pressing the relief
boof éver the jacket.

[31] An inner diameter of the splice sleeve may be greater than an
outer diameter of the jacket.

[32] According to another object of the present invention, there is
provided a holder for accommodating a connector body, the holder including a
depression which holds the connector body in a position. in which the
connector body is spliced to an incominé fiber, the holder being disposed
inside a splicer which splices the connector body to the incoming fiber.

[33] The holder may be adapted to fit into at least two different
models of splicers. -

[34] The holder may furthér include pin guide holes which are
compatible with the at least two different models of splicers.

[35] According to still another object of the present invention, there
is provided a splicer for splicing a cable to a connector including: a tube heater
which heat-shrinks a splice sleeve over a splice point at which a connector
body is spliced to an incoming fiber, wherein the tube heater accommodates a
connector holder which holds the connector body.

[36] The tube heater may accommodate a clamp which holds the
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incoming fiber.

BRIEF DESCRIPTION OF THE DRAWINGS

[37] The above and/or other aspects of the present invention will
become apparent and more readily appreciated from the following description
of the exemplary embodiments, taken in conjunction with the accompanying
drawings, in which:

[38] FIG. 1 illustrates a spliced-on connector system according to an
exemplary embodiment of the present invention.

[39] FIG. 2 illustrates a spliced-on connector system according to
another exemplary embodiment of the present invention.

[40] FIG. 3 is a perspective view illustrating the spliced-on
connector system of FIG. 2.

[41] - FIG. 4 illustrates a spliced-on connector systeni according to
another exemplary embodiment of the present invention.

[42]) FIG. 5 and FIG. 6 are perspective views illustrating the
individual components of the pre-assembled spliced-on connector systems of
FIG. 1 to FIG. 4.

[43] FIG. 7 is a flowchart illustrating a method of producing a
spliced-on connector system according to an exemplary embodiment of the
present invention.

[44] FIG. 8 is a flowchart illustrating a method of producing a
spliced-on connector system according to another exemplary embodiment of

the present invention.
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[45] FIG. 9 is a ﬂowc-hart illustrating a method of producing a
spliced-on connector system according to still another exemplary embodiment
of the present invention.

. [46] FIG. 10 illustrates a spliced-on connector system in -a splicing
configuration according to an exemplary embodiment of the present invention.
[47] FIG. 11A illustrates a connector holder according to an

exemplary embodiment of the present invention.

[48] FIG. 11B is a perspective view illustrating the connector holder
of FIG. 11A.
[49] FIG. 12 illustrates the spliced-on connector system of FIG 10 in

a post-splice configuration.

[50] FIG. 13 illustrates the spliced-on connector system of FIG. 10
installed in a tube heater.

[51] FIG. 14 illustrates a spliced-on connector systém in a splicing
configuration according to another exemplary embodiment of the present
invention,

[52] FIG. 15 is a perspective view illustrating the spliced-on
connector system of FIG. 14 in a post-splice configuration.

[53] FIG. 16 illustrates the spliced-on connector system of FIG. 14
installed in a tube heater.

[54] FIG. 17 illustrates the spliced-on connector system of FIG. 14
after removal from the tube heater.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS OF
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THE INVENTION

[55] Reference will now be made in detail to the exemplary
embodiments of the present invention, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals refer to like
elements throughout. The exemplary embodiments are described below so as
to explain the present invention by referring to the figures.

[56] | FIG. 1 illustrates a spliced-on connector system according to an
exemplary embodiment of the present invention.

[57] As shown in FIG. 1 the spliced-on connector system according
to an exemplary embodiment of the present invention includes an incoming
fiber 1, an extender tube 2, a splice sleeve 3, a connector body 4, a splice point
5, and a short section of fiber 6.

[58] The incoming fiber 1 is spliced to a short section of fiber 6 of
the connector body 4. The short section of fiber 6 may be glued to the
connector body 4. |

[59] The splice point 5 is the area at which the vincoming fiber 1 is
spliced to the short section of fiber 6. The splice sleeve 3 covers the splice
point 5. In particular, the splice sleeve 3 may be heat-shrunk to tightly cover
the splice point 5, incoming fiber 1, and the short section of fiber 6.

[60] The extender tube 2 covers the splice sleeve 3 to restrict torsion
and bending thereof. The extender tube 2 may also prevent mechanical
damage to the splice sleeve 3. Additionally, the extender tube 2 may be

attached to the connector body 4 by one of press-fitting, interference-fitting,
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crimping, and threading the extender tube 2 to the connector body 4.
[61] Next, a spliced-on connector system according to another
exemplary embodiment of the present invention will be described. FIG. 2
illustrates a spliced-on connector system according to the another exemplary
embodiment of the present invention. Note that like elements are identified
with like numerals, and thus overlapping description is omitted.
[62] ' As shown in FIG. 2, a relief boot 7 is crimped or pressed to an
end of the extender tube 2 which covers the incoming fiber 1 and is opposite
the connector body 4. The relief boot 7 restricts motion of the incoming fiber
1 with respect to the extender tube 2. FIG. 3 is a perspective view illustrating‘
the spliced-on connector system of FIG. 2 before the relief boot 7 is crimped or
pressed to the extender tube.
[63] Next, a spliced-on connector system according to still another
exemplary embodiment of the present invention will be described. FIG. 4
illustrates a spliced-on connector system according to the still another
exemplary embodiment of the present invention.
[64] As shown in FIG. 4, portions of the incoming fiber 1 not
| covered by the extender tube 2. are protected by a jacket 8. The jacket 8 may
be made of Kevlar. Additionally, Kévlar fibers 9 extending from the jacket 8
are crimped or pressed over the extender tube 2 by the relief boot 7. Thus, the
splice point 5 may be further protected, as the extender tube 2 will absorb any
pulling force on the jacket 8 via the Kevlar fibers 9. A

[65] FIG. 5 and FIG. 6 are perspective views illustrating the

10
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individual components of the pre-assembled spliced-on connector systems of
FIG. 1 to FIG. 4.

[66] Next, a method of producing a spliced-on connector system
according to an exemplary embodiment of the present invention will be
described.

[67] FIG. 7 is a flowchart illustrating a method of producing a
spliced-on connector system according to an exemplary embodiment of the
pfesent invention.

[68] First, the incoming fiber 1 is spliced to the short section of fiber
6 of the connector body 4 in operation 710. FIG. 10 illustrates a spliced-on
connector system in a splicing configuration according to this exempléry
embodiment of the present invention. As shown in FIG. 10, the incoming fiber
1 and the short section of fiber 6 are each set on a splicing platform 110 of a
splicer 100. A cbnnector holder 130, disposed inside of the splicer 100,
stabilizes the connector body 4 in a position in whiéh the short section of fiber
6 may be spliced with the incoming fiber 1.

[69] The connector holder 130 includes two pin hole guides 140 and
is adapted to fit into at least two models of splicers. Thus, no modification is
required of the splicer 100 in order to splice a connector to a fiber. As showp
in FIG. liA and FIG. 11B, the connector holder 130 includes a depression 150
in which the connector body 4 is disposed. As a result, the connector body 4 is
positioned in the splicer 100 at the proper height to be spliced to incoming

fiber 1. This positioning facilitates low-loss splicing. Additionally, the

11
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connector holder 130 is able to occupy the foot-print of a variety of
conventional splicers.v Thus, the connector holder 130 allows a user to splice
on a connector without modification to the splicer 100.

[70] A clamp 120 holds the incoming fiber 1 in a position in which
it may be spliced. The splice sleeve 3 and the extender tube 2 are arranged on |
the incoming fiber 1, outside of the splicer 100. However, the splice sleeve 3
may be disposed inside the splicer 100. If the splice sleeve 3 is disposed
inside the splicer 100, it may be necessary to reduce the length of the clamp
120.

[71] After the splicing is performed, the clamp 120 is removed and
the splice point 5 is covered with the splice sleeve 3, in operation 720. FIG. 12
illustrates the spliced-on connector system in this configuration in which the
splice sleeve 3 covers the splice point 5.

[72] In operation 730, the spliée sleeve 3 is heat-shrunk to fit tightly
over the incoming fiber. 1, the splice point 5, and the short section of fiber 6.
In order to perform the heat-shrinking, the splice sleeve 3 which is covering
the splice point 5 is inserted into a heating section 210 of a tube heater 200.
The tube heater may be disposed in the splicer 100. FIG. 13 shows the
spliced-on connector system installed in tube heater 200 according to the
exemplary embodiment of the present invention. The tube heater 200 also
accommodétes the connector holder 130 which holds the connector body 4 in
a position, with respect to the tube heater 200, such that the splice sleeve 3 is

properly positioned in the heating section 210.

12
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[73] As shown in FIG. 13, the tube heater 200 may accommodate
the clamp 120 which may be clamped over the incoming fiber 1 to provide
further stability of the splice sleeve 3.

[74] After the heat-shrinking, the splice sleeve 3 is covered with the
extender tube 2 to achieve the conﬁguratibn shown in FIG. 1 (operation 740).
[75] Finally, the extender tube 2 is attached to the connector body 4
by one of press-fitting, interference-fitting, crimping, and threading the
extender tube 2 to the connector body 4 (operation 750).

[76] FIG. 8 is a flowchart illustrating a method of producing a
spliced-on connector system according to another exemplary embodiment of
the present invention. In addition to the operations enumerated in FIG. 7, the
relief boot 7 may be crimped or pressed to an end portion of the extender tube
2 which covers the incoming fiber 1 and is opposite the connector body 4
(operation 810). The relief boot 7 serves to restrict motion of the incoming
fiber 1 with respect to the extender tube 2. With the crimping or pressing of
the relief boot 7, the configuration shown in FIG. 2 of the another exemplary
embodiment of the present invention is achieved.

[77] FIG. 9 is a flowchart illustrating a method of producing a
spliced-bn connector system according to still another exemplary émbodiment
of the present inventi(;n. As shown in FIG. 9, before the splicing is performed,
the splice sleeve 3 is slid over a jacket 8 which covers the incoming fiber 1
(operation 910). FIG. 14 illustrates the spliced-on connector system in a

splicing configuration in which jacket 8 serves as a protective layer to the

13
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incoming fiber 1 according to the still another exemplary embodiment of the
present invention.

[78] As shown in FIG. 14, the splice sleeve 3 is slid over the jacket 8.
Thus, an inner diameter of the splice Sleeve 3 must be larger than an outer
diameter of the jacket 8.

[79] FIG. 15 is a perspective view which illustrates the spliced-on
connector system of FIG. 14 in a post-splice configuration. As shown in FIG.
15, the splice sieeve 3 -has an inner diameter that is larger than the outer
diameter of the jacket 8. |

[80] Similar to the previously described exemplary embodiments-of -
the present invention, after the splicing, the splice sleeve 3 covers the splice
point 5 (operation 720). Also similar to the previously described exemplary
embodiments of the present invention, the splicé.sleeve 3 is heat-shrunk over
the splice point 5 using tube heater 200 (operation 730) as shown in FIG. 13
and the extender tube 2 is slid over the splice sleeve 3 (operation 740) as
shown in FIG. 17. However, according to the still another exemplary
embodiment of the present invention, when the extender tube 2 is slid past the
jacket 8, the Kevlar fibers 9 extend over the extender tube 2. Thus, when the
relief boot 7 is crimped or pressed to the extender tube 2 (operation 920), the
Kevlar fibers 9 are crimped or pressed over the extender tube 2 by the relief
boot 7 to achieve the configuration shown in FIG. 4. Thus, the splice point 5
may be further protected, as the extender tube 2 will absorb any pulling force

on the jacket 8 via the Kevlar fibers 9.
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{81] Additionally, a Kevlar strength member retention sleeve may
be crimped, pressed, or thread onto the extender tube 2, and the relief boot 7
may be crimped or pressed to the extender tube over the Kevlar strength

member retention sleeve.

[82] EXAMPLE 1
[83] The following is one example of the specifications and method

for producing a spliced-on connector system according to an exemplary

embodiment of the present invention:

15
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Fusion-instaltable Connector System (FICS
SC/APC and SCIUPC for 250um and 900um jackeled fiber (FiICS Basic)

1. FiCS conneclor variants
8. Single fiber connectors
a.1 SCIAPC
a.2 SCUPC

2. FICS connsctor dimensional and intermateability requirements
a. FiCS SC/UPC and SC/APC conneclors shall meet the dimensional requirements of TIAEIA-604-3
(FOCIS-3) Fiber Optic Intermateability Standard

3. Cordage Reguirements

a. SCUPC and SC/APC FiCS conneclor designs must be able to terminate the following cordage types
2.1 250um coated optical fiber {Media Type Ill per GR-326-CORE tssue 3)

3.2 900um tight buffered fiber (Media Type Il per GR-328-CORE issue 3)

4. FICS connectors shall meet the following optical perfomance requirements
a. FICS SC/UPC and SC/APC connectors

a1 New Product Maximum Loss = 0.40 dB and Mean Loss = 0.20 08
Minimum Reflectance = -55 dB {SC/UPC) and -60 dB {SC/APC)
a.2 During Test, Not Under Test Maximum Loss = 0.50 dB. Mean Loss = 0.30 dB, Loss Increase = 0.30 dE

Minimum Reflectance = -55 0B (SG/UPG) and 80 dB (SC/APC)
Reflectance Increase = 5 dB :

a.3 During Test, Under Load - Lass Increase = 0.50 dB
Reflactance Increass = 5 dB
a4 End of Test Maximum Loss = 0.50 dB and Mean Loss = 0.30 dB

Minimum Reflectance = -55 dB (SCRUPC) and -60 dB (SC/APC)

$. The endface geomelry the FICS connector must be 6ompﬂant 10 GR-326-CORE Issue 3 section 4.4.5

6. Operating Temperature end Humidity = -40C to 85C and 0 to 90% RH

7. Storage '_remperamre and Humldliy = -40C 10 85C and 0 to 30% RH

8. The FICS SCIUPC and SC/APC connector must be compiiant to all GR-326-CORE issue 3
requirements except as notsd below:
a. Flax Test (GR-326-CORE issue 3 section 4.4.3.2)
8.1 Reduce tensile to 1 lbf.
b. Twist Test (GR-326-CORE issue 3 section 4.4.3.3)
.1 Reduce load in section 4.4.3.3.c as follows:
Media Type If, 0.5 tbf
Media Type [II, 0.5 Ibf
b.2 Reduce capstan rotations per table 4-8 as follows
Media Type X Y
Type U and Il 1.5 3
¢. Proof Test (GR-326-CORE issue 3 seclion 4.4.3.4)
¢.1 Raduca straight pufl tensile load to 5 Ibf and 7.5 ibf rospectively.
¢.2 Reduce side pull tensile load {0 1.5 Ibf and 3 Ibf respectively.
d. Transmission with Applied Tensils Load (GR-326-CORE issus 3 section 4.4.3.5)
d.1 Reduce the transmission with applied tensile load per Table 4-9 as follows:
Media Type It ang (il
0.5 Ibf X X
6. Connocior installation (GR-326-CORE issue 3 section 4.4.6)
e.1 The maximum oconnector fength shall be 50mm (ferruel tip to boot)

16
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9. The FiCS connector splice is compatible with at ieast the following splicer models:
FSM-50R12 (Mass fusion splicer for splicing up to 12 fibers)
FSM-17R (Mass fusion splicer for splicing up to 4 fibers)
FSM-178-FH {Single-fiber fusion splicer using a fiber hoider systam)
FSM-11R (Mass fusion micro splicer for splicing up to 4 fibers)
FSM-118 (Single-fiber micro fusion splicer using a fiber holder system)
FSM-30R12 (Mass fusion splicer for splicing up to 12 fibers)
It is also compatible with other splices models
10. Splicer Compatibility & Connector Assembly Notes
a. Installation of the FICS for 250um & 900um coated fibers is not anticipated to require splicer modlﬁcanon
b. The FIiCS connector inner assembly is placed into the splicer pre-loaded in a special holder.
¢. The connector assembly includes a short crimp body with a threaded end.
d. The 250 or 900um coated fiber is loaded into the splicer with a standard fiber holder.
o. A conventional heat shrink sleeve is used fo protect the splice.
f. The FICS connector holder is transferred to a special tube heater to shrink the protection sleeve.
9. The special tube heater shall be capable of drawing power from the hot jacker stripper cord.
h. The tube heater has a button or feature to extract the connector from the holder after splice protection.
i. An extender tube is threded onto the end of the crimp body to secure the splice sleeve.
i. A conventional boot is installed onto the end of the extender tube.
k. The connector outer shell is installed to compiete connector assembly.

11. An FiCS modification kit for the following additional splicer models is also within the scope of the invention:

FSM-178 (Single-fiber fusion splicer using the sheath-clamp system)
FSM-16S (Single-fiber fusion splicer using the sheath-clamp system)
The FiCS modification kit for these splicers will be used to convert
these splicers from a sheath-clamp system to a fiber holder system.

©[84] " EXAMPLE 2
[85] The following is one example of the specifications of a spliced-

on connector system according to another exemplary embodiment of the

present invention:
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Fusion-instaliable Connector System (FICS)
SC/APC and SC/UPC for 2mm and 3mm jacketed cords (FICS Enhanced)

1. FiCS connactor variants
8. Single fiber connectors
a1 SC/APC

3.2 SCUPC ~

2. FiCS connactor dimensional and intermateability requirements _

8. FiCS SC/UPC and-SC/APC connectors shall meet the dimensignal requirements of TIAVEIA-804-3
(FOCIS-3) Fiber Oplic Intarmateability Standard '

b. FICS Hardened Fiber Optic Connector (SC/APC and SC/UPC) shall maet the dimensional
requirements of GR-3120

3. Cordage Requirements

2. SCUPC and SC/APC FICS connactor deslans must be ablg to taminate the following cordage types

8.1 2.0mm keviar reinforced simplex cable {Media Type | per GR-326-CORE issue 3
a.2 3.0mm keviar reinforced simplex cable (Media Type | per GR-326-CORE igsue 3}

4. FiCS connectors shall meet the following optical perfomance requirements
a. FICS SC/UPC and SC/APC connectors '

2.1 New Product Maximum Loss = 0.40 dB and Mean Loss =0.20 dB
’ Minimum Reflectance = -55 dB (SC/AUPC) and -60 dB (SC/APC)
8.2 During Test, Not Under Test Maximum Loss = 0.50 dB, Mean Loss = 0.30 dB, Loss Increase = 0,30 d

Minimum Reflectance = .85 dB (SCAUPC) and -60 dB {SC/APC)
Reflectance increase = 5 dB

8.3 During Test, Under Load Loss Increase = 0.50 dB
Reflectance Increase = 5 ¢B
a.4 End of Test Maximum Loss = 0.50 dB and Mean Loss = 0.30dB

Minimum Reflectance = -65 ¢8 {SC/UPC) end -60 4B (SC/APC)

5. The endface geometry the FviCS conneclor must be compfiant to GR-328-CORE issue 3 section 4.4.5

6. Operating Temperature and Humidily = -40C to 85C and 0 to 90% RH

7. Storage Tempetature and Humidity = -<40C 10 85C and 0 {0 90% RH

8. The FICS SC/UPC and SC/APC connector must be compliant to all GR-326-CORE Issue 3
requirements éxcepl as noted below:
8. Fiex Test (GR-326-CORE issue 3 section 4.4.3.2)
8.1 Reduce tensile to 1 Ibf.
b. Twist Test (GR-326-CORE issue 3 section 4.4.3.3)
b.1 Reduce load in section 4.4.3.3.¢ as follows: :

Media Typel, 1.51bf
b.2_Reduce capsian rolations per table 4-8 as follows

Media Type X Y

Type 1.5 3
¢. Proof Test (GR-326-CORE issue 3 section 4.4.3.4)
¢.1 Reduce straight pull tensile load fo 5 Ibf and 7.5 Ibf respectivaly.
¢.2 Reduce side pulltensile load to 1.5 [bf and 3 Ibf respectively.
d._Transmission with Applied Tensite Load (GR-326-CORE issue 3 section 4.4.3.5)
d.1 Reduce the transmission with applied tensile load per Table 4-9 as follows:

90

Media Typs | 0
0.5 ! X X
1.5 bl X X

8. Connector Installation (GR-326-CORE issue 3 section 4.4.5)
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e.1 The maximum connector length shall be 70mm (ferrusl tip to boot)

9. AFICS upgrade kit may be required, depending upon the design of the connector for 2mm & 3mm cords.
The FiCS connector splice is compatible with al least the following splicer models:

FSM-50R12 (Mass fusion splicer for splicing up to 12 fibers)

FSM-17R (Mass fusion splicer for splicing up to 4 fibers)

FSM-175-FH (Single-fiber fusion splicer using a fiber holder system)

FSM-11R (Mass fusion micro splicer for splicing up to 4 fibers)

FSM-11S (Singla-fiber micro fusion splicer using a fiber holder system)

FSM-30R12 (Mass fusion splicer for splicing up to 12 hbers)

It Is also compatible with other splices models .
10. An FiCS modification kit for the following additional splicer models is also within the scopa of the invention:

FSM-17§ (Singlo-fiber fusion splicer uging the sheath-clamp system)
FSM-18S {Single-fiber fusion splicer using the sheath-clamp system)

[86] EXAMPLE 3
[87] The following is one example of the specifications and method

_'of producing a spliced-on connector system according to still another

exemplary embodiment of the present invention:
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Fusion-installable Connector System (FiCS)
SC/APC and SCUPC flal drop cables (FiCS Hardened)

1. FICS connector variants

a. Singla fiber connectors

3.1 Hardened Fiber Optic Connector SC/APC
a.2 Hardened Fiber Optic Connector SCIUPC

2. FICS cannector dimensional and intermateability requirements
8. FiCS Hardened Fiber Optic Connector (SC/APC and SC/UPC) shall meet the dimensicnal
requirements of GR-3120

3. Cordage Requirements

a. Hardened Fiber Optic Conneclor SC/APC

a.1 1F FTIX Fiat Drop Cable with All Dielectric Sheath

a.2 1F FTTX Flat Drop Tonable Cable with All Dielectric Sheath

4. FiCS connectors shall meet the ful!ﬁwing oplical perfomance requirements
&, FiCS Hardened Fiber Optic Connector (SCAUPC and SC/APC)

a.1 New Product Maximum Loss = 0.40 dB and Mean Loss = 0.20 dB
Minimum Reflectance = -55 dB (SC/UPC) and -60 dB (SC/APC)
8.2 During Test, Not Under Test Maximum Loss = 0.50 dB, Mean Loss = 0.30 dB, Loss Increase = 0.30 dB

Minimum Reflectance = -55 dB (SC/UPC) and -60 6B (SCIAPC)
Reflectance Increase = 5dB

2.3 During Test, Under Load Loss Increase = 0.50 dB
Reflectence Increase = 548
2.4 End of Test Maximum Loss = 0.50 dB and Mean Loss = (.30 dB

Minimum Reflectance = -85 ¢B (SC/UPC) end -60 dB {SC/APC)

5,_The endface geometry the FICS connector mus! be compliant o GR-326-CORE issue 3 section 4.4.5

6. Operafing Temperalura and Humidity = 40C 1o 85C and 0 to 90% RH

7. Storage 1emperature and Humidily < -40C 1o B5C and 0 o 80% RH

8. The FiCS connector must be compliant 1o all GR-3120-CORE issue 1 requirements excapt
as noted below ) '

a. Flox Test (GR-3120-CORE issue 1 section 4.3.1)

a.1 Reduce tensile load 1o 5 bf.

b. Proof Test (GR-3120-CORE issue 1 section 4.3.3)

b.1 Reduce all loads by 50%

o. Transmission with Applied Tengfle Load (GR-3120-CORE issue 1 section 4.3.4)

¢.1 Reduce the ransmission with applied tensile load per Table 4-5 as follows:

Media Type | 0 90
0.5 f X X
1.5 bt X X
Media Type Il and (i

0.5 [bf X X

9. The FICS connector splice is compatible with at least the following splicer models:
FSM-50R 12 (Mass fusion splicer for splicing up to 12 fibers)
FSM-17R {Mass fusion splicer for splicing up to 4 fibers)
FSM-17S-FH (Single-fiber fusion spiicer using a fiber holder system)
FSM-11R (Mass fusion micro splicer for splicing up to 4 fibers)
FSM-118 (Single-fiber micro fusion splicer using a fiber holder system)
FSM-30R12 {Mass fusion splicer for splicing up to 12 fibers)
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Itis also compatible with other splicer modules

10, Splicer Compatibility & Conneclor Assembly Notes

a. Installation of the hardened FiCS for flat drop cable is not anticipated to require splicer modification.

a.1. The longer connector allows installation without need for the drop cable inside the splicer wind protector.
a.2 This allows use of an un-modified fusion splicer.

b. The FICS conneclor inner body is loaded into the splicer with a special holder.

c. The flat cable is removed just out side the splicer wiind protector,

d. The 250 or 900um coated fiber is loaded into the splicer with a special fiber holder.

e. The spacial fiber holder also holds the splice protection sleeve during splicing operation.

d. A conventional heat shrink sleeve is used to protect the splice. -

6. The FiCS connector holder is transferred to a special tube heater 1o shrink the protection sleeve.

f. The special tubs heater shall be capable of drawing power from the hot jacker stripper cord.

g. A two piece clam-shell connector inner body is attached to the crimp body.

h. The clam-shell inner body protects the splice sleeve and forms the main structure of the connector.

i. The clam-shell grabs and secures the two strength members of the flat drop cable.

j. Itis desirable to avoid curing operations in the field, but some form of connector sealant may be required.

11. An FiCS modification kit for the following additional splicer models is also within the scope of the invention:

_ FSM-17S (Single-fiber fusion splicer using the sheath-clamp sysiem)
FSM-16S (Single-fiber fusion splicer using the sheath-clamp system)

[88] EXAMPLE 4
[89] The following is one example of the specifications of a spliced-

on connector system according to still another exemplary embodiment of the

present invention:
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Fusion-installable Conneclor System (FiCS)
for flat drop ribbon cables (FiCS Ribbon)

1. FICS connector variants
a. Ribbon conneclors

a.1 12-fibers

a.2 4-fibers

2. FiCS connector dimensional and imennateabi-@z requirements

b. FiCS Hardened Fiber Optic Connector (SC/APC and SC!UPC) shall meet the dimensional
requlremems of GR-3120

3. Cordage Reguirements

b. Hardaned Fibar Optic Connector SC/APC

b.1 1F FTTX Flat Drop Cable with All Dielectric Sheath

b.2 1F FTTX Flal Drop Tonable Cabie with All Dielectric Sheath

4. TiCS connectors can meel the follawing optical perfomance requirements
b. FiCS Hardened Fiber Optic Connedor SC/UPC and SC/APC)

b.1 New Product Maximum Loss = .40 dB and Mean Loss = 0.20 dB
N Minimum Reflectance = -5 dB (SC/UPC) and -60 dB (SC/APC)
b.2 During Test, Not Under Tas! Maximum Loss = 0,50 dB, Mean Loss = 0.30 ¢B, Loss Increase = 0.30 d8

Minimum Reflectance = -85 dB (SC/UPC) and -80 dB (SC/APC)
Reflectancs Increase = 5 dB

b.3 During Test, Under Load Loss Increase = 0.50 dB
Reflectance Increase = 5 dB
b.4 End of Test Maximum Loss = 0.50 ¢B and Mean Loss = 0.30 dB

Minimum Refleciance = -55 dB (SC/UPC) and -80 dB {SC/APC)

5. The éndface geometry the FICS conhector must be compliant to GR-326-CORE issue 3 section 4.4.5

6. Operating Temperature and Humidity = -40C to 85C and 0 fo 90% RH

7. Storage Temperature and Humidily = -40C to 85C and 010 80% RH

8. The FICS connaclor will be compliant to all GR-3120-CORE issue 1 requirements excet
s noted below
8. Flex Test (GR-3120-CORE issue 1 section 4.3.1)
a.1 Reduce tensile load o 5 Ibf,
0. Proof Test (GR-3120-CORE issue 1 section 4.2.3)
b.1 Reduce all [oads by 50%
¢. Transmission with Appiied Tensile Load (GR-3120-CORE issue 1 section 4.3.4}
-¢.1 Reduce the transmission with applied fensils load per Tabla 4-5 as follows:

Media Type | 0 g0

0.5 Ibf X X
1.5 b X X

9. The FICS connector splice will be compatible with &t least the the following splicer models;
FSM-50R12 (Mass fusion splicer for splicing up to 12 fibers)
FSM-17R (Mass fusion splicer for splicing up to 4 fibers)
FSM-11R (Mass fusion micro splicer for splicing up (o 4 fibers)
FSM-30R12 (Mass fusion splicer for splicing up to 12 fibers)
1t will also be compatible with other splicer models.
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[90]' Although a few exemplary embodiments of the_ present
invention have been shown and described, it will Be appreciated by those
skilled in the art that changes may be made in these exemplary embodiments
without departing from the principles and spirit of the invention, the scope of

which is defined in the appended-claims and their equivalents.

23



WO 2008/030432 PCT/US2007/019303

WHAT IS CLAIMED IS:

1. A spliced-on connector system comprising:

a connector body;

an incoming fiber which is spliced to the connector body;

a splice sleeve which covers a splice point at which the incoming fiber
is spliced to the connector body; and

an extender tube which covers the splice sleeve.

2. The spliced-on connector system according to claim 1, wherein

the extender tube is attached to the connector body.

3. The spliced-on connector system according to claim 1, wherein
the connector body comprises a section of fiber which is spliced to the

incoming fiber.

4. The spliced-on connector system according to claim 3, wherein
the splice sleeve is heat-shrunk around the incoming fiber, the section of fiber,

and the splice point.

5. The spliced-on connector system according to claim 3, wherein

the section of fiber is glued to a connector portion of the connector body.

6. The spliced-on connector system according to claim 1, further
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comprising a relief boot which is one of crimped and pressed to an end portion

of the extender tube which covers the incoming fiber.

7. The spliced-on connector system according to claim 1, wherein
the extender tube is one of press-fit, interference-fit, crimped, and thread to the

connector body.

8. A method of producing a spliced-on connector system
comprising:

splicing an incoming fiber to a connector body;

covering, with a splice sleeve, a splice point at which the splicing is
performed; and

covering the splice sleeve with an extender tube.

9. The method of producing a spliced-on connector system
according to claim 8, further comprising:

attaching the extender tube to the connector body.

10. The method of producing a spliced-on connector system,
according to claim 9, wherein the attaching comprises one of press-fitting,
interference-fitting, crimping, and threading the extender tube to the connector

body.
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I1. The method of producing a spliced-on connector system
according to claim 8, further comprising:

before the covering the splice sleeve with the extender tube, heat-
shrinking the splice sleeve over the splice point, the incoming fiber, and a

section of fiber of the connector body.

12. The method of producing a spliced-on connector system
according to claim 11, further comprising:

attaching the extender tube to the connector body.

13. The method of producing a spliced-on connector system
according to claim 11, further comprising:
one of crimping and pressing a relief boot to a fiber end portion of the

extender tube which covers the incoming fiber.

14. The method of producing a spliced-on connector system
according to claim 11, further comprising:

before the splicing, sliding the splice sleeve over a jacket.

15. The method of producing a spliced-on connector system
according to claim 14, further comprising:
one of crimping and pressing a relief boot to a fiber end portion of the

extender tube which covers the incoming fiber,
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wherein Kevlar fibers of the jacket are arranged over the extender tube,
and
wherein the one of crimping and pressing comprises one of crimping

and pressing the relief boot and a Kevlar retention sleeve over the jacket.

16. The method of producing a spliced-on connector system
according to claim 14, wherein an inner diameter of the splice sleeve is greater

than an outer diameter of the jacket.

17. A holder for accommodating a connector body, the holder
comprising:

a depression which holds the connector body in a position in which the
connector body is spliced to an incoming fiber,

wherein the holder is disposed inside a splicer which splices the

connector body to the incoming fiber.

18. The holder according to claim 17, wherein the holder is adapted

to fit into at least two different models of splicers.

19. The holder according to claim 18, further comprising pin guide

holes which are compatible with the at least two different models of splicers.

20. A splicer for splicing a cable to a connector comprising:
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a tube heater which heat-shrinks a splice sleeve over a splice point at
which a connector body is spliced to an incoming fiber,
wherein the tube heater accommodates a connector holder which holds

the connector body.

21. The splicer according to claim 20, wherein the tube heater

accommodates a clamp which holds the incoming fiber.

22. The splicer according to claim 20, wherein the connector holder

comprises a depression which holds the connector body.
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