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Abstract—A hybrid WDM/TDM PON architecture implemented by means of two cascaded Arrayed 

Waveguide Gratings (AWG) is presented. Using the Free Spectral Range (FSR) periodicity of 

AWGs we transmit unicast and multicast traffic on different wavelengths to each Optical Network 

Unit (ONU). The OLT is equipped with two laser stacks, a tunable one for unicast transmission and a 

fixed one for multicast transmission. Optical transmission tests demonstrate correct transmission at 

2.5Gbps up to 30km.This proposed experimental set up is evaluated using optisystem software 

version 12. 

Keyword—SMF, WDM PON,TDM PON 

I. INTRODUCTION 

Considering the exponential growth of Internet traffic and emerging new applications such as high 

definition TV(HDTV), interactive games and video conference, etc., there is a need for much higher 

bandwidth. In particular, considering that triple play service (TPS) which delivers integrated voice, 

data and video services through a single network, will be available, and this trend is likely to 

continue, access networks must evolve based on increasing demand for more bandwidth. The 

wavelength-division multiplexing (WDM)-passive optical network (PON) has recently been 

considered to be an original technology which can satisfy these bandwidth requirements and 

overcome several limitations of existing PONs, which employ a splitter at a remote node (RN) [1-3]. 

In general, a PON employs end-to-end passive optical transmission using two network segments: 

feeder and distribution. Between the feeder and the distribution segments, it uses an RN, usually a 

passive star coupler, to implement power splitting for downstream transmission and to combine 

upstream optical data streams from the user ends. The other end of the feeder segment, usually a long 

fiber cable, is connected to the optical line terminal (OLT) located at the central office (CO), which 

in turn provides the connection between the PON and the backbone network. The OLT delivers 

services through the long fiber feeder and the passive star-configured distribution segment, to 

multiple optical network units (ONUs), which are located at the user ends or curbs. 

In WDM-PON, the passive star coupler in a RN is replaced by a special passive optical device, 

called arrayed-waveguide gratings (AWGs). Each ONU is usually assigned a separate wavelength or 

channel, at least for downstream traffic, and these channels are routed by an AWG, sometimes more 

than one, located at a RN, whose routing characteristics depend on the wavelength. The salient 

features of AWG-based WDM-PON are a follows. Most importantly, an AWG at a RN replaces the 

power splitting function of a passive star coupler for downstream distribution, by its inherent 

wavelength-routing functionality and wavelength reuse capability. These features of AWG 

significantly enhance power efficiency and hence network scalability, and enable the network to 

accommodate additional bandwidth demands by supporting multiple wavelengths through WDM. 

Secondly, different ONUs receiving different wavelengths can be configured to support different bit 

rates, where necessary. Thirdly, its passive wavelength-routing functionality retains the reliability of 

the passive-splitter-based PON, but offers privacy to individual ONUs operating at different 

wavelengths for downstream reception. Finally, the simple implementation technology of AWGs 

reduces network cost and complexity, by comparison with an electronically enabled curb used to 
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perform equivalent tasks at the RN. WDMPON does not have multicast capability because it is a 

point-to-point (P2P) network for the downstream direction, from OLT to ONUs. However, the 

multicast transmission capability has become a very important requirement for access networks. In 

essence, it is required to provide the TPS, which is considered to be a promising business model or 

application. Therefore, the AWG-based WDM-PON should provide multicast transmission to satisfy 

the new requirements to be an advanced access network, and efficiently accommodate the TPS. To 

provide multicast transmission in AWG-based WDM-PON, the following requirements are 

considered, in addition to cost. Firstly, an SCB should be possible. Unlike existing PON with a single 

wavelength and splitter at RN, the WDM-PON has problems providing an SCB, due to the nature of 

WDM. The multicast packet must be copied, to be the same wavelength, by a splitter in OLT. This 

results in many complicated problems, such as greater buffer size, processing overhead, signal 

attenuation, etc. Secondly, transparency of transmission is guaranteed for each multicast group. In 

AWG-based WDMPON, several ONUs may receive the multicast data through the same wavelength, 

even though they are not subscribers of that service, because the wavelength can be reused at each 

input port of AWG. The multicast data of each service must be controlled independently, and 

prevented from being accepted by other multicast group ONUs using the same wavelength. Thirdly, 

the multicast traffic must be transmitted more flexibly, on a separated wavelength. Some 

architectures have been proposed for providing multicast transmission. 

We propose a passive optical network (PON) architecture that uses wavelength multiplexing (WDM) 

for routing and time multiplexing (TDM) for laser sharing [4, 5]. At the same time, multicast and 

unicast traffic are wavelength multiplexed using the free spectral range (FSR) periodicity of the 

Arrayed Waveguide Gratings (AWGs) that are used to connect the Exchange Center (Optical Layer 

Termination - OLT) with the user equipment (Optical Network Unit - ONU) [6, 7]. Two AWG 

stages are used to share equipment more efficiently [8]. The cost of the ONU is also critical because 

of the large number of them that are required and the fact that are a dedicated device for each end 

user. Therefore, a design based on simplicity and WDM transparency is presented, using a reflective 

modulator. The main novelties of this topology are the use of the FSR to transmit multicast data an 

the tunable laser stack located at the OLT to send unicast data to the ONUs on TDM basis. 

Also, the utilization of the proposed routing technique using two cascaded AWGs to share multicast 

transmitters is innovative. 

II. PROPOSED HYBRID WDM/TDM PON ARCHITECTURE 

 

Fig.1 A hybrid WDM/TDM PON architecture with two cascaded AWG 
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The network architecture is presented in Fig. 1. It is based on two cascaded AWGs. The first stage is 

an NxN AWG that interconnects the optical transmission equipment with N remote nodes. These 

remote nodes are 1xN AWGs that route 2·N wavelengths to each of the output ports, using the main 

pass band and the adjacent AWG FSR. The ONU has two receivers. The multicast receiver is a 

simple photo detector. The unicast receiver needs to also be able to modulate upstream data. Any 

device that can remotely modulate the carrier sent from the OLT is suitable to be used, like a 

Reflective Semiconductor Amplifier (RSOA) [8]. As there is no light generation at the ONU, these 

are wavelength independent. However, an unmodulated optical carrier needs to be sent from the 

OLT. The OLT optical sources are a tunable laser stack and a fixed laser stack. The tunable laser 

stack performs unicast transmission and is shared on TDM basis among N ONUs, which are 

connected to one of the N remote nodes. This architecture allows dynamic bandwidth allocation as 

time slots can be dynamically assigned depending on the transmission. The OLT optical sources are 

a tunable laser stack and a fixed laser stack. The tunable laser stack performs unicast transmission 

and is shared on TDM basis among N ONUs, which are connected to one of the N remote nodes. 

This architecture allows dynamic bandwidth allocation as time slots can be dynamically assigned 

depending on the transmission requirements. The fixed laser stack is composed of N fixed lasers with 

wavelengths compatible with the AWG routing table, not using the main pass band but the adjacent 

FSR. The optical sources are coupled and modulated with a single modulator and then split to the N 

input ports of the NxN central AWG. Optical Amplification after the modulator is required. This 

architecture shares each laser by a factor of N. Each tunable laser serves N users on TDM basis while 

the N lasers from the multicast laser stack serve the entire network, to which NxN users can be 

connected. 

Table 1 shows the different parameters that are utilized for the simulation 

Parameter SMF 

Dispersion 16 ps/nm/km 

Dispersion slope -0.08ps/nm
2
/km 

PMD coefficient 0.2 ps/km 

Effective Area 80 um
2
 

Nonlinearity Coefficient 2.6 e10
-20

 

Attenuation 0.2 dB/Km 

III. EXPERIENTAL SET UP 

The proposed experimental set up is shown in fig .2. 
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Fig.2 Proposed Experimental Set up 

As shown in OLT, we have used fixed laser stack to generate a light of different wavelength .In fixed 

laser stack, we have used 8 laser which generate a light of wavelength of 1544.4 nm, 1545.2,1546 

nm,1546.8nm with channel spacing equal to 0.8 nm. These light signals of difference wavelength are 

modulated with data which is multicast data of 2.5Gbps with the help of eternal modulator. These 

modulated signals are nm,1547.6 nm, 1548.4 nm,1549.2 nm and 1550 nm amplified with the help of 

amplifier and applied to splitter (1:8)which will splits a incoming signals .The output  signals of 

splitter are  applied as input for AWG (8*8)IN OLT. Here, AWG’s role is to multiplex the signal 

which are carrying multicast data from OLT .This multiplexed multicast data signals are transmitted 

to ONU through 30 km length single mode fiber (SMF) which provide attenuation of 0.25dB/km. 

The multicast data signals are demultiplexed with the help of AWG (8*8) in RN. At RN, AWG 

demultiplex the incoming signals and are proceed to ONU .At ONU, these signal are accepted by 

PIN photodiode optical receiver .This PIN photodiode is having responsivity equal to 0.7 A/W, dark 

current equal to 10 Na. At optical receiver thermal noise, ASE noise and shot noise are taken into 

consideration. After optical to electrical conversation, the performance analysis for transmission of 

multicast data is done with the help of eye diagram, and BER. At ONU, a Separate optical sources 

are used for the transmission of unicast data. 8 Optical sources are used which are having extinction 

ratio equal to 20 dB and line width equal to 10 MHz. Unicast data is equal to 2.5 Gbps. 8 optical 

sources generate a light of difference wavelength from 1544.4 nm to 1550 nm with channel spacing 

equal to 0.8 nm. These light carriers are modulated with the help of unicast data 2.5 Gbps .These 

signals are multiplexed with the help of AWG which is present in RN .This multiplexed signal are 

transmitted via 30 km bidirectional SMF.  At OLT, AWG demultiplex the incoming signals andare 

proceed to receiver .At OLT, these signal are accepted by PIN photodiode optical receiver .This PIN 

photodiode is having responsivity equal to 0.7 A/W, dark current equal to 10 Na. At optical receiver 

thermal noise, ASE noise and shot noise are taken into consideration. After optical to electrical 

conversation, the performance analysis for transmission of multicast data is done with the help of eye 

diagram,and BER. 

IV. RESULTS AND DICUSSION 

1. Performance analysis of Multicast data transmission: 
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Table1.Recevied output Power 

 

Table 2.  Bit Error Rate 

 

 

 

a)  1544.4nm 
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b) 1550 nm 

Fig.3 Eye diagram for multicast data transmission for wavelength 1544.4 nm and 1550 nm 

2 Performance analysis of Unicast data transmission 
 

Table 3 Received Optical Power 

 

Table 4.  Bit Error Rate 
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a)1544.4 nm 

 

b)1550 nm 

Fig.4 Eye diagram for Unicast data transmission for wavelength 1544.4 nm and 1550 nm 

Both unicast and multicast data was modulated at 2.5Gbps with PRBS 223-1, using two external 

LiNbO3 modulators. Sequences were decorrelated using an electrical delay line. Both lasers offered 

nominal output power of 0dBm. 30Km of SMF connected the central AWG to the remote node and 

an optical attenuator was used after the remote node to obtain BER against Pin curves. The ONU 

receiver was composed by an PIN photo detector .An optical Coarse WDM (C-WDM) demultiplexer 

was also used to recover unicast and multicast data independently. Results for unicast and multicast 

reception at the ONU are depicted in Table 1 and Table 2.These results are obtained by varying input 

optical power from -5 to 0 dBm .The results are mentioned in terms of received optical power vs 

BER for corresponding wavelength. As shown in fig.3 eye diagrams are obtained for multicast data 

after 30 km transmission for wavelength 1544.4 nm and 1550 nm respectively. As shown in fig.4 eye 

diagrams are obtained for unicast data after 30 km transmission for wavelength 1544.4 nm and 1550 

nm respectively. 

V. CONCLUSION 

In the proposed architecture, we studied the performance of WDM-PON.A novel network 

architecture to transmit unicast and multicast data using the inherent free spectral range periodicity of 
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two cascaded AWGs is presented. A shared tunable laser stack provides unicast transmission 

capabilities while a fixed laser stack is used for multicast transmission. Optical tests at 2.5Gbps over 

30km of SMF confirm the feasibility of the proposed network platform. 
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