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Abstract— This article presents a design of wavelength
division multiplexing/ Time division Multiplexing (WDM-
TDM) in passive optical network with a data rate of 10
Gbps. The implementation has been carried out for varying
link distance from 40km to 100km for 4 different
wavelengths with a maximum of 32 supporting users with
two different receiver photodiodes. The parameters such as
BER and the Q-factor for PON network is being analyzed
with the link distance. The BER is decreased as the
distance of the network is increased when using the APD
receivers than PIN receiver. Optimal value of BER is
obtained for a distance of 97 Km in APD and 96 Kmin pin
receiver.

Keywords—Passive Optical Network (PON), Wavelength
division multiplexing (WDM), Time division multipleing
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l. INTRODUCTION
As observed from the past few decades the requirefoe
the higher Bandwidth from the end users is increasi
drastically. For providing higher bandwidth andoate be
cost efficient with less maintenance requiremerg bas
chosen PON to be a solution. This is due to therads of
electronic switches, routers etc.
WDM is considered as a key solution for the next
generation as in such systems different wavelengties
used for each user, thus meeting high bandwidtraddnof
end users [2], [3]. So many researchers have obdehe
WDM, TDM and also the hybrid WDM-TDM PON. As to
meet the requirement of higher bandwidth WDM is
considered as a key solution as they provide differ
wavelengths for each user. TDM is not widely used-a-
days because it limits the number of users and #iso
bandwidth. Hence forth combining them the hybrid MD
TDM PON has been deployed as they provide timesitini
multiplexing when sharing the wavelength among ehd
users. Thus, such systems seems to be cost effemtid
also offer high bandwidth. In recent times, reskars have
been showing interest in WDM-TDM PON. In such
systems a number of wavelengths are deployed in the
network and each wavelength is shared among end use
using Time Division Multiplexing [3]. Raman and $&h
[4] investigated the performance of the hybrid WONBM
system in the presence of the optical amplifiemtrease
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the maximum number of users. This system was able t
support 320 users up to 160km with a 1.25Gbps ddéa
G.Talli and D.Paul [5] designed a 100km bi-direntib
PON with 10Gbps data rate in both directions and
supporting 1:256 split with 17 TDM PONs each operat

at different wavelengths.

In this paper we have proposed single-direction& NV
TDM PON with downstream part executed for maximum
number of users and with minimum cost. This papger i
organized as follows. Section 2 consisting of tlyst&m
Architecture of WDM-TDM PON. In the next sectioreth
working of simulated architecture is described glavith

the details of the parameters used in the architect
Followed by Section 4 wherein we have reported the
simulation results and in section 5 conclusionsnaade.

II. SYSTEM ARCHITECTURE
The architecture of the proposed WDM-TDM PON is as
shown in Fig.1. The downstream transmitters corafist
series of laser diodes which offer various wavetleador
the downstream data. The output signal of all the
modulators is multiplexed and transmitted over a
distribution link. The standard distribution linkmsists of a
Single Mode Fiber (SMF) and also 2 EDFA (Erbium
Doped Fiber Amplifier) Amplifiers which on a whobects
as an In-Line Amplifier case.
At the downstream receiver, signal is de-multiptexend
then transmitted to different ONU (Optical Netwddkit)
of 1km distribution SMF. At each ONU 2 stages ofvpo
splitters are used to distribute signal amongha32 users.

. SIMULATION ARCHITECTURE
Simulated Model of proposed WDM-TDM PON with an
optical frequency of 191.4 THz is as shown in Fid=@ur
separate output binary sequences are generatecheby t
PRBS block generator each of a data rate 10Gb/thdn
entire system there are four lasers being used edtbh
1550.91 nm, 1551.31 nm, 1551.72 nm, 1552.12 nm
wavelengths respectively. The electrical signalegator is
used to in converting binary sequence into electignal.
The output of each transmitter is applied to MUX
(Multiplexer) block which multiplexes all the fowignals
into a single output optical signal.

Page| 1874



International Journal of Advanced Engineering, Margement and Science (IJAEMS)

Infogain Publication (Infogainpublication.com)

iy )—D»@LH%@:%
|

[Vol-2, ies11, Nov- 2016]
ISSN :3241311

!—Cl

Fig.1: Architecture of PON

The initial frequency of the four optical channelse set
according to the initial frequency of the filterside the

MUX. Henceforth after

multiplexing

the signal

transmitted over a distances of 40 Km, 60 Km, 80, KA0

Km SMF with loss followed by

EDFA which generallgta

as In-Line amplifier with gain of 30dB.
At the downstream receiver block the signal woutdde-

multiplexed and also transmitted to different ONB) (

present. The signal is further broadcasted forsEsuusing
a 1:16 splitter as shown from each of the two Blmesent.
The parameters used for simulation are tabulateshasn

below.

TABLE Il: BER FOR VARIOUSUSERS (PIN)

Distance| Downstream BER BER Max
(km) Users (dB) Q-
factor

40 32 1.24x18° | -359.06| 12.5655
60 32 9.926x1% | -310.03| 11.6393
80 32 9.49x18° | -190.22| 8.9958
96 32 1.07x1%° | -129.70| 7.3201
100 32 0.00638 -21.95 2.386b

From Table Il it is observed that as the link dis&
increases from 40 Km to 100 Km the BER values are
seeing an increase and the proposed architectune ca
support up to 32 users with satisfactory value8BR till

96 Km beyond which they are not satisfactory. Alsere

is a gradual decrease in the maximum Q-factor alith
increase in link distance.

TABLE I11: BER FOR VARIOUS USERS (APD)

Distance| Downstream BER BER Max
TABLE I: PARAMETERSUSED IN SMULATED MODEL (Km) Users (dB) 0-
Parameter Value factor
OLT 40 32 422x10" | -403.74 | 13.355]
Bitrate 10 Gbps
Laser Peak Power 0dB 60 32 4.028x18" | -363.95 | 12.656(
Frequency Grid Spacing 50 GHz
Laser Wavelengths 1550.91 nm to 1552.1 80 32 7.374x10" | -161.32 | 8.2280
nm 97 32 3.15x18" | -135.01 | 7.4653
Modulation type NRZ
MUX initial frequency 193.1 THz 100 32 0.00235 -26.29 2.8228
EDFA Gain 30dB
Link
Distribution From Table Il it is understood that BER values rdese
EDFA gain on downstream path 30 dB and maximum Q-factor values decrease with incréase
Fiber dispersion Constant 0 ps/nm/Km link distance. With APD in the receiver block the
Fiber Loss 0.2 dB/Km architecture gives satisfying BER values up to &imam

Fiber length 40 Km to 100 Km
ONU

DEMUX initial frequency 193.1 THz

Distributed Fiber Length 10 Km

IV. RESULTSAND DISCUSSION
The data here is transmitted at 4 different wawgtlen

namely 1550.91 nm, 1551.31 nm, 1551.72 nm, 1552m 2

with a frequency spacing of 50GHz. The results lated
below are simulated with a pre-amplifier in the datveam

distribution link.
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of 93 Km of link distance. Hence we can concludat th
there exists a tradeoff between the link distance the
BER values and Q-factor values for a fixed numbér o
supporting users.

Various analyses has been carried out namely istas.
BER, Distance vs. Q-factor and Q-factor vs. BER #red
eye diagrams for two cases, using PIN and APD eas th
receiver diodes. Here the BER is plotted in its\dfues.
These analyses has been plotted using MATLAB soéwa
and are as follows:
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Distance vs. BER:
Receiver as APD:

Distance vs BER{dB)
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Fig.2: Digt. vs. BER

Receiver as PIN:

Distance vs BER(dB)
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Fig.3: Dist. vs. BER
Distance vs. Q-factor:
APD:

Distance vs Max G-factar
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Fig. 4
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PIN:

Distance vs May C-factor
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Eye Diagrams for various fiber lengths and receivers:

PIN (40 Km)

PIN (100 Km)
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Fig. 13

Page| 1877



International Journal of Advanced Engineering, Margement and Science (IJAEMS)

Infogain Publication (Infogainpublication.comn)

[Vol-2, Issue-11, Nov- 2016]
ISSN : 2454-1311

APD (80 Km)
[ BER Analyzer sendinds 2}
- Time ibi poriod | P,

[ 5w Ege Diagram

1am

Analysis ]

MaxaFackr]
Wi, BER 2

E fye Aeiaht
Ly Threshald

| [oecision inst
e8| [t Cetors
s g [7] Eolor Grade

{ £ =
-
Paftems ]

m

Pattzrn 1 a2l

o Pattern 2 wanl |
Pattern 3
Pattern 4 |

a Falterns | el ||

i it pee riend)
QFactor  Mrom || Treestold )| Heght J =7 Patiem [

Fig. 14

APD (100 Km)
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V. CONCLUSION

In this paper we have proposeddatiemonstrated a cc
effective  WDMTDM PON with downstream pa

implemented for 32 users at the endork observing the
graphical analysis, as the distance increases Hi \Balue
decreases andalues are satisfactory till 97 Km for AF
and 96 Kn for PIN, while the APD receivehas better
performance ovePIN. From the Distancevs. Q-factor
analyses, we can conclude that the distance isrdalkg
proportional to Q-factorFrom the analyses of-factor and
BER we can say that €ctor is inversely proportional
BER. We have also performed the analyses on

diagrams for various distances. As we know thatetye's
vertical opening in the diagram says about the intersol

interference, as we can observe as the distargmdually
increasing the verticabpening of the eye is decreas
which clearly understands that the intersymbol interfee
is low for less distance and it increases with ease ir
distance. This is the cagar both PIN and APD receive
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