
1. Introduction

In recent years, the data communication capabili-
ties supporting the Enterprise and Data Center mar-
kets have been expanding at breakneck speed. Fiber
optic connectors such as SC, ST and LC connectors
are commonly utilized in the fiber optic backbone and
horizontal application to provide high-speed data
transmission. Due to space constraints, LC connec-
tors are widely favored as they are small in size and
can offer higher port density. However, on account of
the inconvenience of storing excess fibers of LC
patchcords during setup of the connector system,
field installable type of LC connectors have become
increasingly popular. Field installable LC connectors
are also used in the maintenance or emergency
restoration of fiber networks.

To ride on this wave, we have developed a field
installable LC connector. One of the most important
considerations for a field installable connector is the
ease of installation.1). This regard is featured very
prominently in our already commercialized field
installable connectors 1) 2) 3) 4) 5). Hence we applied this
established technology to the design of the field
installable LC connectors.

The development not only includes designing a
field installable connector with LC interface, but also
involves improving on the current field installation
process and trimming costs for price competitive-
ness. Reliability tests were also conducted to verify
the optical performance and mechanical and environ-
mental characteristics of the field installable connec-
tors.

This paper describes the structure and mechanism

of the field installable LC connector and its tools
namely, the wedge unit and the fiber insertion tool. It
also reports on the results of reliability tests carried
out.

2. Structure of field installable LC connector

Figure 1 shows the structure overview of the field
installable LC connector. The composition is similar
to existing field installable SC and ST connectors (see
Fig.2). It is made up of a connector main body and a
pre-set wedge unit. It also comes with an option of
fiber insertion tool that simplifies the field installation
process. The connector interface is compliant with
TIA/EIA 604-10A Fiber Optic Connector
Intermateability Standard - Type LC.

The field installable LC connector comes in single-
mode type and multimode (GI50 and GI62.5) type.
The field installable LC connector can be terminated
with either φ0.25mm or φ0.9mm fiber, by varying the
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Fig. 1.  Structure overview of field installable LC connector.
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bare fiber length of termination fiber during prepara-
tion.

2.1. Connector main body

Common to all our field installable connectors, the
mechanical splice unit forms the backbone of the
field installable LC connector. The cross section
structure of the connector main body is illustrated in
Fig 3. The mechanical splice unit is made up of a v-
groove plate, two clamp plates and a clamp spring.
During production, a bare fiber stub is pre-installed in
the connector ferrule and the ferrule end face is pol-
ished to meet Telcordia GR-326-CORE end face
geometry specifications. Refractive index matching
gel is applied to the pre-installed fiber stub to reduce
reflection loss of the mechanical splice. As a result
the need for epoxy curing and ferrule polishing in the
field is eliminated, thereby reducing operation time
and increasing reliability.

2.2. Wedge unit

Every field installable connector comes with a dis-
posable wedge unit that is pre-set during production.
This wedge unit is a tool for engaging the mechanical
splice during field termination; hence no special and
expensive assembly tool is required.  Figure 4
describes the structure of the wedge unit for field
installable LC connector. The wedge unit consists of
two wedges and a wedge holder. 

This wedge unit is an improvement over the exist-
ing wedge unit used for other field installable connec-
tors. The new features are:

1. A stopper is incorporated into the wedge holder
to prevent accidental release of wedge caused by
external influences such as vibration during trans-
portation. This stopper can be overcome by com-
pressing the sides of the wedge unit.

2. A hinge lock is integrated with the wedge holder

to replace existing lock lever. This shortens field
installation time and the reduction in number of parts
reduces production costs.

With this new wedge unit, only one continuous
compression action is required to disengage wedges
and lock to complete termination. Figure 5 outlines
the operation of the new wedge unit. After inserting
installation fiber into the back of the connector main
body, slowly compress the sides of the wedge unit
together. First, the stopper will be overcome, then
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Fig. 2.  Composition of field installable SC and ST connectors.
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Fig. 3.  Cross section structure of connector main body.
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Fig. 4.  Structure of wedge unit.



the wedges will be disengaged from the connector
one followed by the other. Lastly, the hinge lock will
be released, and termination is completed.

2.3. Fiber insertion tool

There has been feedback that although fiber termi-
nation process for our field installable connectors is
quick and easy, fiber insertion can be arduous at
times. These are some of the problems observed with
the current termination method:
1. Installation fiber is inserted into the back of the

field installable connector until a resistance is felt;
indicating that the installation fiber is in contact
with the pre-installed fiber and connection is made.
However it is difficult to quantify the resistance felt
as it is based on perception, and this is ambiguous.

2. After resistance is felt, installation fiber is contin-
ued to be pushed slightly forward to form a small
bend. This bend ensures that the connection is
being maintained. The wedges are to be released
while maintaining the bend so that no gaps exist
between the fibers after termination. Nonetheless,
there is the possibility of this bend not sustained
when releasing wedges, resulting in a bad termina-
tion.

3. It is indicated in assembly manuals to make a
marking on specified position of fiber jacket. This
is to verify fiber contact during insertion of installa-
tion fiber. Marking will be hidden if a proper inser-
tion is accomplished. This step, while useful, is not
practical. To make a marking on fiber jacket in the
field is inconvenient.
Therefore to resolve the above-mentioned prob-

lems, we have designed a fiber insertion tool (refer to
Fig. 6) as a complementary tool to further facilitate
the fiber termination process. It is compatible with
not only field installable LC connector, but with field
installable SC and ST connectors too. This fiber inser-

tion tool is to be used together with our newly devel-
oped φ0.25mm fiber holder and φ0.9mm fiber holder.
Figures 7 and 8 describe briefly the structure and
operation of both holders. Figure 9 illustrates the
field installation method of field installable LC con-
nector using the fiber insertion tool with φ0.25mm
fiber holder. The field installation method with
φ0.9mm fiber holder is about the same.
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    After inserting 
fiber, squeeze both 
sides of wedge unit 
together.

    Stopper is 
overcome and 
wedges are 
disengaged from 
the connector.

    Further squeeze 
the sides of wedge
unit to release 
hinge lock.

Fig. 5.  Operation of new wedge unit.
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Fig.7.  Structure and operation of φ0.25mm fiber holder.
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Fig.6.  Structure of fiber insertion tool.



With the fiber insertion tool, field installation is
made easier even for a novice and the reliability of
the fiber termination process is improved tremen-
dously.

3. Characteristics

The field installable LC connector was designed to
exhibit comparable characteristics to factory assem-
bled LC pigtail. 

3.1. Optical characteristics

The optical performance of the field installable LC

connector is compliant with Telcordia GR-1081-
CORE. Figures 10 to 13 give the insertion loss and
reflectance of the field installable LC connectors,
when terminated with φ0.25mm single-mode fibers
and φ0.9mm single-mode fibers. Measurements were
carried out at wavelengths of 1,310nm and 1,550nm.
For connectors terminated with φ0.25mm single-
mode fibers, the average insertion loss is 0.18dB at
1,310nm and 0.17dB at 1,550nm. The mean
reflectance is 54.0dB at 1,310nm and 54.5dB at
1,550nm. For connectors terminated with φ0.9mm
single-mode fibers, the average insertion loss is
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Fig.8.  Structure and operation of φ0.9mm fiber holder.

    Set field LC installable 
connector  onto fiber insertion tool.

    Fix φ0.25mm fiber holder with 
prepared installation fiber and set 
onto fiber insertion tool.

    Slowly slide fiber holder 
towards the connector until it is 
locked in place. Installation fiber 
will be slightly bend, indicating 
that connection is made.

    Disengage the wedges and 
hinge lock of the wedge unit and 
remove from the connector. 

    Release the clamp of fiber 
holder and remove connector.

    Assemble boot to 
complete fiber termination.

Fig.9.  Operation of φ0.25mm fiber termination.



0.18dB at 1,310nm and 0.19dB at 1,550nm. The mean
reflectance is 54.3dB at 1,310nm and 53.6dB at
1,550nm. 

Tables 1 and 2 summarize the insertion loss and
reflectance characteristics respectively when termi-
nated with multimode fibers, at wavelength of
1,310nm. These connectors have average insertion
loss of less than 0.1dB and average reflectance of
more than 37dB.

It can be observed that the field installable LC con-
nectors exhibit outstanding optical performance.

3.2. Environmental characteristics

Environmental performance of the field installable
LC connector has been evaluated based on test condi-
tions stipulated in Telcordia GR-326-CORE and the
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Fig.10. Insertion loss of field installable LC connector termi-
nated with φ0.25mm fiber. 
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Fig.11. Reflectance of field installable LC connector terminat-
ed with φ0.25mm fiber. 
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Fig.12. Insertion loss of field installable LC connector termi-
nated with φ0.9mm fiber. 
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Fig.13. Reflectance of field installable LC connector terminat-
ed with φ0.9mm fiber. 
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Fig.14.  Graph of thermal cycle test for field installable LC
connectors.



tests were conducted in series. Loss and reflectance
criteria are compliant with Telcordia GR-1081-CORE.
Tables 3 and 4 present the compiled results for all the
mechanical tests conducted with φ0.25mm and
φ0.9mm single-mode fibers respectively.
Measurements were carried out at wavelength of
1,310nm. Thermal cycle test results in Fig.14 shows
that the field installable LC connectors have excellent
temperature dependency with maximum change in
insertion loss of less than 0.1dB.

With a mean change in insertion loss of less than
0.05dB for all tests, the field installable LC connectors
have satisfied Telcordia's loss and reflectance criteria
for environmental tests. It can be concluded that the
connectors have consistent and reliable environmen-
tal performance.

3.3. Mechanical characteristics

Mechanical performance of the field installable LC
connector has been evaluated based on test condi-
tions stipulated in Telcordia GR-326-CORE and the
tests were conducted in series. Loss and reflectance

criteria are compliant with Telcordia GR-1081-CORE.
Tables 5 and 6 presents the compiled results for all
the environmental tests conducted with φ0.25mm and
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Table 3. Environmental characteristics of field installable LC connector terminated with φ0.25mm fiber.

Test items Fiber type
Mean loss Maximum Mean change in Mean reflectance Minimum 

(dB) loss (dB) loss (dB) (dB) reflectance (dB)

SM 0.16 0.25 0.01 52.9 41.7
Thermal age test GI50 0.06 0.13 0.01 - -

GI62.5 0.09 0.09 0.01 - -

SM 0.17 0.28 0.01 54.3 42.9
Thermal cycle GI50 0.07 0.11 0.01 - -

GI62.5 0.10 0.13 0.01 - -

SM 0.18 0.24 0.02 53.1 44.5
Humidity age GI50 0.08 0.14 0.01 - -

GI62.5 0.11 0.14 0.00 - -

Humidity/condensation
SM 0.20 0.31 0.01 53.8 40.3

cyling test
GI50 0.09 0.11 0.00 - -

GI62.5 0.11 0.18 0.01 - -

Post condensation
SM 0.21 0.25 0.01 55.4 41.8

thermal cycle
GI50 0.09 0.12 0.00 - -

GI62.5 0.12 0.17 0.01 - -

Table 4. Environmental characteristics of field installable LC connector terminated with φ0.9mm fiber.

Test items Fiber type
Mean loss Maximum Mean change in Mean reflectance Minimum 

(dB) loss (dB) loss (dB) (dB) reflectance (dB)

SM 0.19 0.28 0.03 55.1 42.5
Thermal age test GI50 0.05 0.11 0.01 - -

GI62.5 0.10 0.15 0.00 - -

SM 0.22 0.31 0.02 53.6 44.1
Thermal cycle GI50 0.06 0.17 0.01 - -

GI62.5 0.10 0.18 0.00 - -

SM 0.24 0.25 0.03 53.9 40.8
Humidity age GI50 0.07 0.12 0.00 - -

GI62.5 0.10 0.16 0.01 - -

Humidity/condensation
SM 0.27 0.33 0.01 54.2 41.8

cyling test
GI50 0.07 0.16 0.00 - -

GI62.5 0.11 0.16 0.01 - -

Post condensation
SM 0.28 0.30 0.01 52.8 42.1

thermal cycle
GI50 0.07 0.19 0.01 - -

GI62.5 0.12 0.18 0.01 - -

Table 1. Insertion loss of multimode field installable LC 
connectors.

Fiber type Fiber size
Mean loss Maximum

(dB) loss (dB)

GI50
φ0.25mm 0.10 0.17

φ0.9mm 0.09 0.19

GI62.5
φ0.25mm 0.06 0.15

φ0.9mm 0.07 0.22

Table 2. Reflectance of multimode field installable LC 
connectors.

Mean loss Maximum
Fiber type Fiber size reflectance reflectance

(dB) (dB)

GI50
φ0.25mm 37.40 33.80

φ0.9mm 37.80 34.60

GI62.5
φ0.25mm 41.30 35.70

φ0.9mm 39.90 34.50



φ0.9mm single-mode fibers respectively.
Measurements were carried out at wavelength of
1,310nm. 

From the results shown, the mean change in inser-
tion loss for all tests does not exceed 0.1dB. The field
installable LC connectors fulfilled the loss and
reflectance criteria for mechanical tests based on
Telcordia standard. Hence it is proven that mechani-
cal performance of the connectors are stable and reli-
able.

4. Conclusion

To roll out a larger variety of field installable optical
connectors and to accommodate the explosive
growth in demand for LC connectors in data commu-
nication networks, we have successfully developed
the field installable LC connector. We have also
refined the wedge unit to reduce the number of parts
and installation time required, and designed a fiber
insertion tool to improve on the fiber installation
process. The connectors were evaluated and proven
to exhibit exceptional optical performance and out-

standing environmental and mechanical characteris-
tics. 

We have accomplished the objectives set out for
the development of the field installable LC connector.
Following this, we will continue our endeavors to
achieve further targets such as better optical perfor-
mance and increased ease of installation in optical
networks. 
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Table 5. Mechanical characteristics of field installable LC connector terminated with φ0.25mm fiber.

Test items Fiber type
Mean loss Maximum Mean change in Mean reflectance Minimum 

(dB) loss (dB) loss (dB) (dB) reflectance (dB)

SM 0.22 0.35 0.05 55.6 43.1
Vibration test GI50 0.09 0.17 0.03 - -

GI62.5 0.13 0.19 0.07 - -

SM 0.27 0.36 0.00 53.2 44.0
Twist test GI50 0.12 0.20 0.01 - -

GI62.5 0.20 0.29 0.02 - -

Transmission with
SM 0.27 0.36 0.02 53.9 41.8

applied tensile load
GI50 0.13 0.24 0.00 - -

GI62.5 0.22 0.28 0.01 - -

SM 0.29 0.40 0.08 54.5 42.6
Impact test GI50 0.13 0.19 0.02 - -

GI62.5 0.23 0.30 0.02 - -

SM 0.36 0.39 0.07 52.7 42.8
Durability GI50 0.14 0.21 0.01 - -

GI62.5 0.25 0.31 0.04 - -

Table 6. Mechanical characteristics of field installable LC connector terminated with φ0.9mm fiber.

Test items Fiber type
Mean loss Maximum Mean change in Mean reflectance Minimum 

(dB) loss (dB) loss (dB) (dB) reflectance (dB)

SM 0.29 0.36 0.06 52.7 41.9
Vibration test GI50 0.08 0.15 0.02 - -

GI62.5 0.13 0.17 0.03 - -

SM 0.35 0.42 0.01 53.1 44.2
Twist test GI50 0.10 0.19 0.00 - -

GI62.5 0.16 0.21 0.00 - -

Transmission with
SM 0.36 0.41 0.01 55.5 42.8

applied tensile load
GI50 0.10 0.17 0.01 - -

GI62.5 0.16 0.22 0.00 - -

SM 0.37 0.42 0.04 52.9 43.9
Impact test GI50 0.11 0.20 0.03 - -

GI62.5 0.16 0.24 0.04 - -

SM 0.41 0.45 0.06 54.3 43.3
Durability GI50 0.14 0.18 0.04 - -

GI62.5 0.20 0.25 0.02 - -


