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Abstract: Problem statement: In this study, authors present a new design ofcapsplitter to be
applied in FTTH-PON named Multi Ratio Optical Siit(MROS). MROS was introduced to enhance
the power distribution in the optical netwofpproach: We also bring in new approach for designing
a new optical device that enable us to charactarizeanalyze the design from waveguide design layer
to network layer before fabricated called virtuab Iplatform.Results: Waveguide design of MROS
would be designed with device designing tool usdBeam Propagation Method (BPM) as a wave
propagator. MROS designed to divide the input powaetifferent percentage on each arm therefore it
could carry data to different users of variousatises. This design then integrated into opticaloiekt

for analysis of device performance. The analysisedaon the losses of output power to the input,
maximum Q factor, Bit Error Rate (BER) and achidgatlistance. The result shows that the total
insertion loss for MROS before being exported w#989dB and 0.3835 dB after embedded into the
network. The distance that the MROS could achieaes up to 50 km as compared to 1x4 Splitter that
could only reach a maximum of 34 km. As an upgradiom this study, the design of MROS could be
modify with expanding the number of splitting arrhish more customer from various distances could
enjoy the service providedConclusion/Recommendations: The result obtained shows that the
performance of design is correlated when embeddiedthe network and the virtual lab platform is
suitable for characterizing new devices in the oekvwprior to fabrication.

Key words: Multi Ratio Optical Splitter (MROS), Beam Propagati Method (BPM), Transverse
Electric (TE), Transverse Magnetic (TM), OpticahkiTerminal (OLT)

INTRODUCTION The advantage of this design is that it can ovectm
disparity in distance from one premise to another,
Virtual lab design platform provides a method of particularly when the premise is outside the acegpt
how equipments that is usually prepared at laboyaso  radius. In this study, MROS had been designed by
compensated with virtual equipment. Virtual labusing device designing tool based on Beam
platform that is developed in this study is a desig Propagation Method (BPM) in order to get the dekire
laboratory that will be used in the photonics output. It is based on the planar waveguide thaeé fza
technology. New devices will be designed andhigh flexibility in terms of design and can be
embedded into the communication network virtuallydeveloped for a variety of usage. Research is done
before they are sent for fabrication process. bteoto  optical splitter using symmetric Y-branch to gee th
test the stability and reliability of the laboratpa new  equal splitting power from this device. Once the
device known as the Multi Ratio Optical Splitter desired output is produced, the research has been
(MROS) is designed and characterized. The device igesumed on the device by taking the value of the
based on the design of common optical splitter pixce design parameters.
that it can reduce the power wastage. The inputepow Beam Propagation Method (BPM) is a step by step
is not equally distributed to each arm. Instead itmethod of investigating linear and nonlinear
distributes power according to the designer's @esir propagation of ligthwave through any waveguide
Corresponding Author: Mohd Syuhaimi Ab-Rahman, Department of Electri€é&ctronic and Systems Engineering,
Faculty of Engineering and Built Environment, Spect Technology Research Division,
Computer and Network Security Research Grddiyersiti Kebangsaan Malaysia 43600 UKM Bangi,
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medium. An optical field can be tracked at any pai L.

it propagates along guiding structure in fibre opti
Optiwave, 2010. The analysis of Beam Propagation
Method that is based on the low-order finite diéfece
algorithm is much easier to use (¥ual., 1994). This

method is used broadly for the application of agitic
waveguide because of its stability. The stabilityttos

method is an advantage because it allows the degign

a device without the need of consideration on the
g%nl\%zrngryg;viesrﬂggd(tléasvgilr;othaemsjc;;?c&asgmheFig. 1:Optical splitter in Fibre to the Home (FT)'H
of polarizations Transverse Electric (TE) and network
Transverse Magnetic (TM). By using the beam
propagation method employing the finite-difference
method, the amplitude electric fields inside antsioke

of a slab structure can be analyzed. Beam propmayati
method, is a step by step technique for simulativeg
propagation of light in optical waveguides (Feitdan
Fleck, 1978; Songt al., 2003). BPM is a powerful tool
for creating guided-wave optical devices usingrioae

combination approach like coupler, multiplexer andapplication suggestion: Figure 1 presents the usage of
demultiplexer, splitter and optical combiners (YiSO qptical moderator in the transmission network whitse
2005). However, it has limitation towards the opftic fynction is to divide the optical signal from Optic
design which is based on the mirror or reflectivaaept | jne Terminal (OLT) to premises. For real netwatie
such as distributed bragg reflector. _distance from each premise to OLT is not standadjiz

Waveguide is one of the important components inherefore MROS has been designed in order to cope
developing homogeneous optical device. Y-branch hagith this situation. MROS that has four arms (btzes)
a simple structure and yield high product fabridate givides the power received into ratio 1:2:3:4. Niemb
with compact device with stable wide angle branghin of arms of MROS and its power division ratio can be
ratio and Planar Light wave Circuit (PLC) (L&t al.,  modified according to necessity. So the power lsse
1999). Considering the ability of optical device to during conveying the data can be reduced becaase th
reduce losses such as absorption loss, scattemtabs signal power is divided according to the distande o
radiation loss, suitable polymer which has |OW-|OSSevery house. Another advantage of MROS is this
criteria had been produced (Daum, 2002). One of thgevice does not use amplifier to divide the povignai
advantages of using polymer in producing opticalo the different distance. MROS also can be used to
integrated circuit is the cost of fabrication iswloln divide the signals in various distances.
addition, polymer has the combination criteria ohn
linear electro-optic, photosensitive and thermdeopt MATERIALSAND METHODS
(Kassim et al., 2004). Parameters such as refractive ) ) _ )
index, length and width of waveguide and also wide USINg device designing tool, OptiBPM, MROS
angle branching in Y-branch need to be analyzed by@S designed using opt|mu_m parameter va!ue with fou
using simulation of BPM tool in order to get the separated_ arms. The de§|gn was then S|m_ulated and
optimum design. Research by simulation is important Characterized to get four different output poweioréor
getting the optimum value of design parameters fofach arm. Based on results analyzed and suppoyted b
MROS device. Usually the results of the simulatigti ~ another value of parameters, the maximum cable
be the benchmark for the real output which will bedistance for %4 Optical Splitter and MROS was
compared with the MROS device once it beencalculated and compared. After that, the MROS desig
developed. Hence, this study will discussed abbet t exported into optical network and simulation result
simulation as the initial factor of development tleal  were characterized. Exported MROS and 1x4 Optical
MROS device. In Fiber-To-The-Home (FTTH) Splitter was embedded into FTTH network design
application, optical splitter or Multi Ratio Optica using OptiSystem. The maximum distance achieved
Splitter (MROS) has been designed in order to reducby both splitter calculated based on output povger,
the wastage of power. factor and BER.
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This optical device has also been developed to
overcome the problem due to disparity in distamoenf
one premise to another, particularly when the pserig
exceeding the accepted radius. It can be overcome b
customizing the power distribution based on the
distance of every premise. With this, the signal ba
extended to wider radius.
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Design of Multi Ratio Optical Splitter (MROYS):
MROS is designed based on the asymmetrical Y splitt
where the output power of each arm is differenthis
design, the input power is separated into fourediit
percentages that is 10-40% on each arm. At thé firs

Input

Output 1

Output2

phase, the power is divided in the ratio of 1:1,clkh
means the input power is divided equally. For the
second phase, the power for arm 3 and 4 is divided
the ratio of 1:4 where the first arm representsfigo

Output3
302.5um

Output 4

of the output power and the second arm repres@8is 4 <
of the output power. For arm 5 and 6, the power is

30200um

divided in the ratio of 2:3 where the 20% of outputFig. 2: Layout design of Multi Ratio Optical Spdtt

power is at arm 5-30% at arm 6. The width of the
waveguide at second phase is set to be equal to the
width of waveguide at first phase to avoid lossés o
power from the first phase. The angular divergeisce
manipulated to obtain the right portion of output.
Parameter used in this waveguide design is shown in
Table 1 and the layout of the design is shown @ Bi

and 3 shows the 3-D graph of effective index rafio >

waveguide against propagation distance. Lsst

Simulation Characterization (BPM Tool): The
design is first simulated using the BPM tool softeva
to get the optimized performance of the device.
Figure 4 shows the power distribution and their
magnitude for each four output which are measured
at the end of propagation. The total output poveer f Fig
this device is the sum of output on each arm:

Total output power = 0.8673686.7%

Total output power from all arm is expected to be
equal to the input power. However, in practicalr¢he
are various types of losses that affect the perdoca
of the design. These losses are caused by scgttamih
absorption at the fiber cladding. According to theult
from the Table 2, the total losses for MROS with an
input power of 0.97295 calculated and can be seen i
Table 3. The total loss for MROS is relatively shaaid
acceptable with 10.85% of losses. The total inserti
loss is still in the range of normal insertion losk
optical devices with insertion loss for overall MRO

Output power (a.u)
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design is 0.4989 dB. Arm 2 which has the leasbrati Fig. 4: Output power of each arm

power division has the biggest value of insertiossl
compare to the other arms with 10.18 dB.

Table 1: Data for each parameter

30000

Calculating maximum cable distance: Maximum

cable distance can be calculated if the number oi

connectors, splices and estimation of optical I9s#  Refractive Index of substrate wafer, n1
each port of transmitter and receiver are knowre Th Refractive Index of

estimation of losses is 0.75 dB at each conneGthdB  Waveguide substrate wafer, n2

at each splice and addition of 3dB as the margin ofvaveguide width

error (state the source of this estimation). Thialto

loss at each unit for every component and thegarization
maximum distance that can be achieved is shown iBoundary condition
Table 4. BPM solver

Parameter Input data
ubstrate length 32200 pm
ubstrate width 1900 pm

1.522
1.599
6pum

Wavelength 1.55um

Medium Gaussian

TE, TM

Simple TBC method
Paraxial
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Table 2: Output power of each arm

Simulated Percentage of Actual Total
Arm output power output power (%) output power loss
1 0.32810 40 0.4 0.07190
2 0.09343 10 0.1 0.00657
3 0.21320 20 0.2 -0.01320
4 0.23263 30 0.3 0.06737

Table 3: Value of total loss and insertion loss€ach arm

Parameter Formula Value
Pout- Pi
Total loss Pi 0.10853~ 10.85%
in

Insertion loss 10 logPo/Pin 0.4989 dB
Insertion loss arm 1,,L. 10 log, Po2/Pin 4.72 dB

Insertion loss arm 2,,L. 10 log, Po2/Pin 10.18 dB
Insertion loss arm 3,;L 10 log, Po3/Pin 6.59 dB

Insertion loss arm 4,.L 10 log, Po4/Pin 6.21 dB

Table 4: Values of insertion loss for every compuse

Item Components Insertion loss/unit
1 Laser output 0.0dB

2 Connector -0.75dB

3 Adaptor -0.20 dB

4a MROS insertion loss (Arm 1) -4.72 dB
4b MROS insertion loss (Arm 2) -10.18 dB
4c MROS insertion loss (Arm 3) -6.59 dB
4d MROS insertion loss (Arm 4) -6.21 dB

5 Optical splitter insertion loss -7.3dB

6 Route loss -1.08 dB

7 Fibre attenuation/km 0.35 dB kin
8 Receiver (ONU) sensitivity -28.0dB

The equation for maximum cable distance is:

[(PowerTP-SensitivityRP)-(LossC + LossA)-ILMROS-
IL] / Fiber Attenuation per km

Where:
PowerTP = Output power of transmitting port
SensitivityRP = Minimum sensitivity of receiving po

LossC = Connector loss
LossA = Adaptor loss
ILMROS = MROS insertion loss
IL = Insertion loss

The maximum cable distance forx4l Optical
Splitter and MROS was calculated in Table 5 and 6.

RESULTSAND DISCUSSION
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PART2

PART 1

PART 3

Fig. 5: Apportionment of MROS in BPM tool

Table 5: Maximum cable distance for norma#t¥Optical Splitter

Arm 1 2 3 4
No. of connector (Unit) 7.00 7.00 7.00 7.00
Total connector loss (dB) -525 -5.25 -5.25 -5.25
No. Of adaptor (Unit) 3.00 3.00 3.00 3.00
Total adaptor loss (dB) -0.60 -0.60 -0.60 -0.60
MROS insertion loss (dB) -7.30  -7.30 -7.30 -7.30
Route Loss (dB) -1.08 -1.08 -1.08 -1.08
Fiber attenuation/km 0.35 0.35 0.35 0.35
Maximum cable distance (km) 39.34 39.34 39.34 39.34
Table 6: Maximum cable distance for MROS
Arm 1 2 3 4
No. of connector (Unit) 7.00 7.00 7.00 7.00
Total connector loss (dB) -5.25 -5.25 -5.25 -5.25
No. Of adaptor (Unit) 3.00 3.00 3.00 3.00
Total adaptor loss (dB) -0.60 -0.60 -0.60 -0.60
MROS insertion loss (dB) -4.72  -10.18 -6.59 -6.21
Route Loss (dB) -1.08 -1.08 -1.08 -1.08
Fiber attenuation/km 0.35 0.35 0.35 0.35
Maximum cable distance (km) 46.71  31.11 41.37 42.46
Table 7: Output Power of each arm of MROS

Simulated Percentage of Actual Total
Arm  output power output power (%) output power loss
1 0.48007 50 0.5 0.01993
2 0.48007 50 0.5 0.01993
3 0.75278 80 0.8 0.04722
4 0.19035 20 0.2 0.00965
5 0.36677 40 0.4 0.03323
6 0.55321 60 0.6 0.04679

Exporting design into network design tool: Before
exporting the design into the network design tool,
MROS design in BPM tool need to be sliced into 3
parts as shown in Fig. 5 and has been simulateth Ea
part is simulated using BPM and the simulation lteésu

According to the calculation made in Table 5 forshown in Table 7. The total output power at eachipa

1x4 Optical Splitter and Table 6 for MROS, the

the sum of output power of each arm in that part:

maximum distance that can be achieved by a normal

1x4 splitter is 39.34 knt for all arms. As for MROS,

the maximum distance that can be achieved by each

arm is different according to the percentage opout
power. The distance that can be achieved by arnis1-4
46.71, 31.11, 41.37 and 42.46 Rmespectively. Based

Total output power of part 1 = 0.960486.0%
Total output power of part 2 = 0.943234.3%
Total output power of part 3 = 0.919982.0%

Based on the total losses obtained, the totaldbss

on the values obtained, MROS can carry data 7.37 kmeach part with an input power of 0.97295 is carséden

farther than a normalx splitter

in Table 8.
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. Fig. 7: FTTH (PON) Platform
Fig. 6: Output power of each arm
By referring to Table 9, the total output power of

Table 8: Value of total loss and insertion lossdach arm MROS is the sum of output power on each arm.

P t Formul Val
aramerer Porn:u aP, ae Total Output Power = 497.082 pW
Total losses of part 1 M 0.01316 1.32% Based on the total loss on each arm, the total los
Pin of MROS with an input power of 542.969 uW is as
‘POUt— PITT! foll .
Total losses of part 2 r 7 0.03064= 3.06% ollows:
Pin Total Loss = 0.0845% 8.45%
Pout- Pi i = = -
Total losses of part 3 | = 1 0.05297 5.30% Total Insertion Loss = 10 log10 = -0.3835 dB
n
|Pout- Pif The total loss is relatively small and acceptable.
Total Losses of MROS i 0.09677~ 9.68% The total insertion loss is still in the range afrmal
Total insertion loss (Part 1)sL 10 logio Po/Pin 0.0575 insertion loss of optical devices. The comparisén o
Total insertion loss (Part 2)oL 10 logo Po/Pin -0.1352 dB total insertion loss when simulated using BPM taxadi
Total insertion loss (Part 3)sL 10 log Po/Pin -0.2431 dB k desi it | ith th
Total insertion loss of MROS, L 10 lagPo/Pin  -0.4358 network design software, also with the output power

when design is sliced into several parts is shown i

Table 9: Output Power of MROS after simulated usimgwork Table 10. According to the result obtained as shown

design tool software _Table_ 10, t_he insertion loss is decreasing as dmgd
Simulated output  Percentage of  Actual output Total is sliced into several parts before exporting into
Arm_power (uW) output power  power (uW) loss (UW) network design software. The reduction is due ® th
1 198121 10 217.188 19.067  fraction of power when the overall design is didde
2 50.674 40 54.297 3.623 . L .
3 98.794 20 108.593 9.799 into parts. T_he dIVI$I0n of the design reduced ltiss
4 149.493 30 162.891 13.398 due to fraction of light that propagates at the udang
divergence. Instead the input signal splits equally
Table 10: Comparison of total insertion loss of MRO before entering the second phase without passing
Overall design Part by part of the Overall design ; ;
Total insertion (BPM tool) design (BPM tool) (Netwkodesign software) throu_g_h_ the angular dlvergence that has a very hlgh
loss (dB) -0.4989 -0.4358 -0.3835 possibility for loss to occur.

The percentage of all types of losses is relatively =~ Embedding design into the FTTH PON network:
and still acceptable. Each part has a low insertiorf he design that has already been simulated usiag th
loss and still in the range of typical insertiorsgoof — network design software is then embedded into the

optical devices. communication network to test the performance ef th
device as in Fig. 7. In this study, FTTH PON netivor
Simulation Characterization (Network design tool): platform that has a sensitivity of -25dBm is chasdhe

Each part that had been simulated in BPM tool énth test pad for the design. The simulated result of&R
exported into network design software and simulateds compared to the simulated result fox41Optical
separately to see the performance of the desigoréef Splitter. The comparison is made in terms of the
embedded into the network. The simulation result ismaximum distance that can be achieved by both dsvic
shown in Fig. 6. Table 9 shows the output power obased on the output power, maximum Q factor and
MROS after simulated in network design wafe. BER on each arm.

868



J. Computer <ci., 8 (6): 864-871, 2012

1x4 Optical splitter

2% &
\\ Distance achieved at-25dbm
24 e
= P ‘®\ Am1=2=3=4
Z 26 T w
= | .
] 1 e
) ! L
= ! ~
Z 28 N
5 i =
: : ~d
50 ! o
1
1 ﬁ‘\\
32 ' e
| n,
; S
34 .
20 30 40 50 60
Length of fiber (km)
MROS

_ Distance achieved at-25dbm

-30

Output power (dBm)

Length of fiber (km)

Fig. 8: Comparison of output power against distaofce

both splitters

Table 11: Comparison of distance based on outpuepo

Distance at Distance at Distance at Distance at
10% of Output 20% of output 30% of output 40% ofput
power +km power + km power + km  power + km
1x4 Optical splitter 31 31 31 31
Multi ratio 24 37 44 47

optical splitter

Table 12: Comparison of distance based on maximuacr

Distance at 10% Distance at 20% Distance at 308tabce at 40%

of output of output of output of output
power + km power + km power + km power + km
1x4 optical 31 32 33 34
splitter
Multi ratio 26.80 38.90 47.77 49.85

optical splitter

Maximum distance based on the output power:

1x4 Optical splitter
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Max Q factor
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Length of fiber (km)

Fig. 9: Maximum Q factor against distance of both
splitters

As for MROS, the distance that can be achieved is
different according to the output power of each.ahin

25 dBm, the distance that can be achieved by ate 1
arm 4 are 24, 37, +44 and +47 KrFrom the result, it

is proven that MROS can carry data 16 krfarther
than a normal 24 Optical Splitter.

Maximum distance based on the maximum Q
factor: Maximum distance that can be achieved by both
splitters is measured at the ideal value of maxin@am
factor; 6 as extracted from graph in Fig. 9 andented

in Table 12. A normal #4 Optical Splitter can achieve
distances in the range of 30-34 RmAs for MROS, the

Maximum distances that can be achieved by bothjistances that can be achieved at each arm aB9248
splitters are measured when the output power is-2and +49 km'. MROS is better for user whose located
dBm because the platform used as the test padTi$iFT outside the accepted radius because it can cataylga
PON that has a sensitivity of-25 dBm. The achiewabl km™ farther than %4 optical splitter.

distance extracted from both graphs of conventional

1x4 optical splitter and MROS in Fig. 8. The resultsMaximum distance based on the Bit Error Rate
were tabulated in Table 11, the maximum distane¢ th (BER): Based on both graph shown in Fig. 10, distance

can be achieved by all arms of4l Optical Splitter is
+31 kmi™.

that can be achieved by each arm is measured when
BER value is at 1x10-9.
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Fig. 10: Comparison of BER against distance fombot Fig- 12: Graph of distance against MROS® arms

splitter When the loss is higher, the distance that can be
This is the ideal value of BER on an eye diagrate T achieved is nearer. The wastage of power happens
maximum distance that can be achieved by MROS is i¥hen the location of the user is near to the OLT
the range of 25-50 kth as compared to normai4 because the fraction of power that is distributeddch
Splitter that can achieve the distance in the rarigid-  arm the equal. . . .
34 km. From the graphs based on output power, The calculated and simulated distance for MROS is
maximum Q factor and BER, while MROS can carrycompared as shown in Fig. 12. Calculation is made
data up to 50 ki, the maximum distance that can bebased on the theoretical formula based on the outpu
achieved by a normalx Splitter is only up to 34 kth ~ power obtained by simulation using BPM tool with
From this comparison, it can be said that MROSdsem estimated losses. The maximum distance achieved
efficient because it can carry data to differerstatices using simulation is based on the output power &ed t
without wasting any power and the distance thatlman maximum Q factor. As seen in the graph, the distanc
achieved is much farther that a normed bptical splitter. ~ achieved by each arm is different according to its

percentage of output power. The curve based on the
Analysis of device performance in the network: The  calculation is high at the first two arms and lowethe
maximum distance that can be achieved by each &irm ¢ast two arms. This is because of the output pdhvatr
1x4 Optical Splitter is compared between calculationis obtained in simulation using BPM tool is low aihd
and simulation result. The calculation is made gisihe  affects the calculation as the theoretical formusdas
theoretical formula based on the result of outptigr  the simulation result to calculate the distancé ithean
obtained by simulation using BPM tool. The maximumachieve. As for the distance based on the simulatio
distance that can be achieved using network désgn network design software, the distance that eachcamm
is based on the output power and maximum Q factorachieve is increasing according to the percentdge o
By referring to the curve in the graphs in Fig. tltan  output power. The distance is farther as the péagen
be seen that the distance that can be achieveddy e of output power is higher.
arm is almost equal. This is because of the sartpibu The wastage of power can be reduced because the
at each arm. The calculation result shows thaiddita ~ maximum distance that can be achieved by eacharm i
can be carried at a longer distance as compar#ueto different. The user in the location nearer to theTO
simulation result. This is because of the totatéssthat  will get the data from the arm that has the lowest
is used in the calculation is an estimated valugelwls  output power and the user at the farthest locatidh
relatively lower than the actual losses. get data from arm that has the highest oyiputer.
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Table 13: Comparison of MROS and a norml $plitter REFERENCES
Multi ratio optical splitter %4 Splitter
Designed to reduce Powe’WaStagediﬂe':m%’ig’tvgﬁéaegk‘iﬁggﬁ :]% jes  Daum, W., 2002. POF-Polymer Optical Fibers for Data
Output power can be Fixed output power Communication. 1st Edn., Springer-Verlag, Berlin,
customized as desired ISBN-10: 3540420096, pp: 433.
Design is based on the _ Design is based on variety Feit, M.D. and J.A. Jr. Fleck, 1978. Light propagat
commercial polymer SU-8 material of material. . ded-ind tical fib Aoplied Opt.. 17:
The SU-8 material used is for Multiple wavelengtis supported: In graded-index optical nbers. Applie pt., :
wavelength that is over 1550nm 1310, 1383 and 1460 3990-3998. DOI: 10.1364/A0.17.003990
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