
1. Introduction

PON system has expanded extensively as an opti-
cal network in the construction of FTTH economical-
ly. As shown in Fig. 1, PON architecture allows a sig-
nal transmitted over a single optical fiber from the
telephone exchange office to be shared with multiple
users, hence achieving cost reduction per subscriber.
Planar lightwave circuit (PLC), an optical splitter is a
key to realize the branching of optical signal in the
telecommunication network, and currently has a max-
imum of 32 split ratio capability.

Installation of optical splitter is simplified with the
application of latch-on or snap method that can expe-
dite the process with quick plug-in action. This plug-
and-play method is commonly applied at the intercon-
nection points in the FTTH network (This method
enables field installation of optical components with-
out any special tools or skills in managing bare opti-
cal fibers). To effectively deploy with such simple
techniques and modular designs, connectorized com-
ponents are essential to be integrated in the structure
design of optical splitters. In addition, flexibility of
network is achieved with the application of module
terminated with connector cord, which allows easy
reconfiguration of the network. Furthermore, in the
FTTH PON architecture, the function of fiber distrib-
ution hub (FDH) is to house optical splitter outdoor,
therefore the FDH is critical in ensuring high reliabil-
ity against environmental factors. Due to the space
constraint in the FDH, down-sizing of optical splitter
module design is done. The pervasive FTTH deploy-
ment worldwide has been called for an imminent

need to develop low-cost solutions. The newly devel-
oped small sized and lightweight optical splitter is
made from retardant plastic resin with sturdiness
comparable to the conventional metal packaging in
withstanding outdoor environmental conditions, but
at a fraction of its original cost. This paper illustrates
the development of 1×16, 1×32 and 2×32 Wavelength
Division Multiplexing (WDM) optical splitter module.
The characteristics and reliability evaluation will also
be discussed in this paper.

2. Structure of splitter module

2.1. PLC-type splitter

As shown in Fig. 2, the optical fiber is being
branched to 32 outputs through a 1×32 PLC-type opti-
cal splitter. PLC chip is a silica glass embedded with
optical wave circuit. The circuit pattern is designed to
branch a single input into multiple output channels.
Optical fiber is adhered to PLC chip with resin cured
by ultraviolet exposure; this interface conforms to
Telcordia GR-1209 and GR-1221 test conditions,
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hence good reliability is ensured 1)2). Furthermore, in
order to actualize the size reduction, bend insensitive
SM optical fiber 3) has been introduced into this mod-
ule.

2.2. Flame retardant plastic package

The structure of optical splitter module developed
is shown in Fig. 3. Bend insensitive fiber with bend-
ing radius of 15 mm is applied to the optical splitter
module to achieve a considerable size reduction of
the packed module. The overall dimension of L118
mm × D87 mm × H13 mm is 3/5 of the size of the
conventional optical module utilizing single mode
fiber of bending radius 30 mm. In addition, as a flame
retardant plastic resin has replaced metallic material
in the splitter packaging, the weight decreases to 1/3
of the conventional metallic packaging version.

Figure 4 illustrates the internal configuration of the

optical splitter module. The splitter module is termi-
nated with optical connector pigtails. The 2 mm fiber
cords are fixed onto the cable retainer with adhesive.
This structure is designed to withstand tensile
strength of maximum 68.6 N. Moreover, as the opti-
cal cord has a similar structure to the loose tube
cables, allowing the optical fiber free movement with-
in the cord effects the expansion and contraction of
the optical cord that will not exert any external ten-
sion onto the fiber.

The structure of strain relief boot is shown in Fig.
5. The boot is designed to control the bending radius
to a minimum of optical fiber limit, i.e., 15 mm. This
prevents an increase in attenuation brought upon by
fiber bend. The flexible boot developed has taken fac-
tors like hardness, thickness and the quantity of cord
per boot into the design considerations to control the
bending radius to a minimum of 15 mm when a load
is applied at 90° bend to the optical cord perpendicu-
larly.

3. Optical performance and characteristic

3.1. Functionality of FDH

Figure 6 captures the appearance of FDH system
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in configuration with optical splitter module load. The
hub, optical connector, and optical adapters are all
mounted onto a panel to enable ease of operation
with a latch mechanism. The pigtail is elegantly man-
aged in a U-shape through the mandrel. This plug-
and-play method makes installation extremely simple
and efficient.

3.2. Fundamental optical characteristics

The 1×16 and 1×32 splitter modules were fabricat-
ed to be mountable onto the above described fiber
distribution hub. The vacant port (a port which is not
in service) present in the FDH will result in back
reflections of the optical signal. To prevent return
loss from the end face of vacant port, SC connector is
polished to an Angled Physical Contact (APC) inter-
face. Data below tabulates the optical characteristics
of the optical splitter module, inclusive of the connec-
tor pigtails.

The histograms shown in Figs. 7 and 8 illustrate
the insertion loss performance of 1×16 and 1×32 opti-
cal splitter module respectively. At operating wave-
length 1310 nm, the average insertion loss of 1×16
splitter stands at 13.23 dB while that of 1×32 splitter
is 16.33 dB. Similarly, at 1550 nm operation wave-
length, the insertion loss of 1×16 and 1×32 splitter
module is 13.10 dB and 16.22 dB respectively. In addi-
tion, the standard deviation of 1×16 splitter is 0.29 dB

while 1×32 splitter yields a standard deviation of 0.34
dB. At the same time, this value decreases to 0.23 dB
for 1×16 splitter and 0.28 dB for the 1×32 splitter at
wavelength 1550 nm. 

The performances of other optical characteristics
apart from insertion loss are shown in Table 1. These
results show consistent good performances, as exhib-
ited in the insertion loss histogram, in characteristics
including uniformity, return loss and PDL values. 

3.3. Temperature dependent loss

History from past experimental results has shown
that components terminated with optical pigtail cord
are susceptible to insertion loss fluctuation with tem-
perature change. To isolate the effects of cordage
expansion/contraction on the optical fiber within, the
optical cord is designed to allow free movement of
optical fiber, thus eliminating the external stress from
the expansion/contraction of the cord. Figure 9
depicts the insertion loss variation of the 1×32 optical
splitter module during temperature cycling from −40
°C to +85 °C. The average, minimum, and maximum
values obtained from the 32 output ports are illustrat-
ed in the graph shown in Fig. 9. From the graph, the
maximum loss deviation between the ports with maxi-
mum and minimum insertion loss is 0.17 dB. This
result has an evident exceptional stability of the opti-
cal splitter module that is developed. 

3.4. Wavelength dependent loss

The wavelength dependent loss of the 1×32 optical
splitter module is shown in Fig. 10. The perfor-
mances of insertion losses over wavelengths from
1260 nm to 1680 nm are measured. Again, the aver-
age loss from 32 ports and minimum and maximum
wavelength dependent losses are illustrated in the
graph. The average deviation is 0.36 dB while the
maximum deviation from all the 32 ports is 0.86 dB.
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Fig. 7.  Insertion loss of 1×16 splitter module.
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Table 1.  Measurement result of optical characteristics.

Item 1×16 1×32

N Target 20 units Target 20 units

Wavelength (nm) value 1310 1550 value 1310 1550

Insertion
max 14.0 13.76 13.74 17.5 17.09 17.12

loss (dB)
avg 13.23 13.10 16.33 16.22

σ 0.29 0.23 0.34 0.28

Uniformity
max 1.2 0.93 0.82 1.5 1.36 1.17

(dB)
avg 0.66 0.46 0.81 0.70

σ 0.18 0.18 0.23 0.19

Return
min 55 57.8 57.2 55 57.2 57.1

loss (dB)
avg 65.5 66.5 64.8 66.1

σ 2.80 2.40 2.15 2.29

max 0.3 0.17 0.19 0.3 0.19 0.18

PDL (dB) avg 0.07 0.07 0.07 0.06

σ 0.03 0.02 0.03 0.02



This proves that the splitter module has shown
resilience in insertion loss variation over a broad
spectrum of wavelength.

A variety of optical devices are stored in this optical
splitter module, making it multifunctional. An exam-
ple is the 2×32 WDM optical splitter module shown in
Fig. 11 and the structure of its cable retainer in Fig.
12. A WDM filter was built in front of a 1×32 splitter
module, enabling the structure to have multiple wave-
lengths.

Figure 13 shows the wavelength dependent loss of
the 2×32 WDM optical splitter module. With the
WDM filter, the wavelength ranging from 1530nm to
1570nm are transmitted from the B port, and the
other wavelength ranges are transmitted from the A
port. The wavelength dependent loss of A port and B
port are split evenly among the 32 fibers, hence excel-
lent loss performance is obtained in each port. 

4. Reliability

The reliability of 1×32 splitter module is evaluated
in accordance to test procedures stipulated in the
Telcordia GR-1209 and GR-1221. The test conditions
and the results of the 1×32 splitter module measured
at 1550 nm are shown in Table 2. The average, maxi-
mum, and minimum values of 32 output ports mea-
sured are recorded in Table 2. The results of side pull
test and cable retention test are maximum in-situ data
monitored during load application onto the cable
cord. On the other hand, the recorded data of damp
heat, temperature cycling, mechanical shock, vibra-
tion, and water immersion shows the variation of
insertion loss before and after the test conditions.
From the results, it is confirmed about the reliability
of 1×32 splitter module.

The results of high temperature and humidity test
are depicted in Fig. 14. The optical splitter samples
underwent a total of 2000 hours of storage at 85 °C
and of 85% relative humidity. Insertion loss data at
100 hrs, 168 hrs, 500 hrs, 1000 hrs, and 2000 hrs junc-
ture were measured. The average insertion loss of
the 32 ports, maximum and minimum insertion loss
measured at 1550 nm are displayed in the graph.
From the graph in Fig. 14, it is concluded that there
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is very minimal loss variation even after 2000 hrs. The
optical splitter module has shown good stability when
exposed to high temperature and humidity conditions

Furthermore, to meet the flame retardant require-
ments for optical components and accessories, we
have applied frame retardant plastic material of 1.5
mm thickness complying to UL-94 V-0. On the same
note, the jacket of optical fiber cord is made of grade
V-0 flame retardant PVC.

5. Conclusion

A compact and economical optical splitter that
boasts of superior optical performance and reliability
against stringent environmental conditions suited for
outdoor installation has been successfully developed.
This plug-and-play design for installation of the above

optical splitter has enabled simple and speedy instal-
lation, at the same time provided added flexibility for
future network reconfigurations, thus making this
optical splitter module the perfect solution for PON
architecture FTTH deployment.
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Table 2.  Reliability test result of 1×32 splitter module.

Test Conditions Target value Results

Damp heat
85°C, 85 %RH, 

0.5 dB
max 0.48 dB

2000 hrs avg 0.27 dB

Temperature −40°C to 85°C, 
0.5 dB

max 0.37 dB
cycling 500 cycles avg 0.08 dB

5 times/direction, 
Mechanical shock 6 directions, 0.5 dB max 0.29 dB

500 G, 1 ms

20 G, 20-2,000 
Vibration Hz min/cy, 0.5 dB max 0.29 dB

4 min/cy, 4 cy/axis

Water immersion
+43°C, pH5.5, 

0.5 dB max 0.23 dB
168 hrs

Fiber side pull 0.45 kg, 90°C, 5 sec 0.2 dB max 0.06 dB

Cable retention 1.0 kg, 60 sec 0.2 dB max 0.01 dB
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Fig. 14.  Insertion loss variation of loss during damp heat test.


