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ABSTRACT 

The passive optical network WDM-PON is one of the most dominant performers of all communication systems, and 
provides sufficient broadband service. Providing enough data for the demands of today and the future, marks this area 
as a critical topic for researchers. The first goal of this article is to study the performance of OFDM in a bidirectional 
WDM-PON by using QAM and BPSK modulation methods in the downstream link. The second goal is to build the 
upstream link with WBTW-SOA and show its ability to transmit the upstream signal with low equipment. Sending and 
receiving signals from the central office to the last mile, and opposite of the network up to 100 Km via a bidirectional 
single mode optical fiber (SMF) was successfully achieved. 
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1. Introduction 

Provisioning broadband services for downloading and 
uploading high definition data has become a difficult re- 
quirement for data providers. Covering users’ data de- 
mand for the future has encouraged many researchers to 
find suitable ways to develop transmitted or received data. 
Using a wavelength division multiplexing in passive op- 
tical network (WDM-PON) is one of the implementa- 
tions that have been added to cover this additional de- 
mand Figure 1. WDM-PON has shown its ability to in- 
crease the bandwidth of the signal, as a result of expand- 
ing the bandwidth, the signal capacity will increase [1]. 
Moreover, transmission data via optical fiber has a limi- 
tation of how far distance data can be transmitted, after a 
certain distance dispersion will occur. Besides using 
WDM-PON in the communication systems as an en- 
hanced change, orthogonal frequency division multiplex- 
ing (OFDM) has been used to encode data in a multicar- 
rier frequency. The carrier signal of an OFDM is the sum 
of the orthogonal subcarriers, which are individually 
modulated by different types of modulation such as quad- 
rature amplitude modulation (QAM) or phase-shift key- 
ing (PSK). Using M-QAM OFDM in the WDM-PON 
systems helps to increase multi-accesses of multi-users 
[2,3]. An easy way to provide multi-paths, which are 
used in most broadband systems between transmitters 
and receivers, is to use OFDM. In order for WDM-PON  

 

Figure 1. Simple architecture of PON WDM. 
 

to provide multi-paths between the transmission and re- 
ception terminals, M-QAM OFDM must be used. Using 
QAM, which offers orthogonal modulation, helps to modu- 
late each subcarrier independently [4]. In this paper, we 
have proposed an OFDM bidirectional WDM-PON de- 
sign that is modulated by several types of QAM for the 
downstream, and uses a wideband traveling wave semi- 
conductor optical amplifier WBTW-SOA for the up- 
stream. We have compared several types of OFDM modu- 
lations such as BPSK, 16-QAM, and 64-QAM for the 
same WDM-PON system. We also tried to expand the 
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transmission length up to 100 Km and study the constel- 
lation and SNR of downstream and BER and Q factor of 
upstream. 

2. Design Configuration 

2.1. Downstream Design 

Figure 2 contains four identical channels that are multi- 
plexed by a wavelength division multiplexer. For the 
downlink design, in each channels OFDM is used. Modu- 
lation of OFDM in this design has been tried by using 
BPSK 16-QAM and 64-QAM. Each one of the two ports 
of OFDM goes through low pass filter LP which has a 
cutoff frequency equaling 7.44 GHz. The filtered signals 
will be modulated with CW lasers by using mach zehnder 
modulators (MZM). The output laser signals of MZM 
will be multiplexed by using WDM and sent via bidirec- 
tional single mode optical fiber (SMF). The optical fiber 
length in this design has been varied from 40 to 100 Km. 
Before and after the optical fiber, multiplexed signal in 
the downlink will pass through two EDFAs with gains 
equal to 13 dB and 12 dB respectively. After the second 
EDFA an optical circulator is used to redirect the signals 
of downlink and uplink. At the receiver side, and after 
the circulator, DWDM is used to separate the received 
signal into four signals for each channel. Each signal has 
been detected by a photodiode detector, which converts 
the optical signal to an electro signal. This electrical sig- 
nal will be demodulated by using an OFDM demodulator 
and a QAM sequence decoder [1-3,5-10]. 

2.2. Upload Design 

For the uplink, the wideband travelling wave semicon- 
ductor optical amplifier (WBTW-SOA) is used to simu- 

late the traveling wave SOA that is based on an identical 
hidden edge SOA. A transmitter source Tx and CW laser 
source are coupled by using an optical coupler and the 
output is applied to WBTW-SOA. The output signal of 
WBTW-SOA will be sent via the uplink of SMF. Before 
reaching the PD at the receiver side, EDFA is used to 
amplify the signal. SMF in this link has been varied, and 
the bit error is compared. 

3. Result and Discussion 

We simulate the design by using the Optiwave software 
V-11 to analyze and discuss the results. For the down- 
stream link, we tried three different types of OFDM 
modulation; we used BPSK, 16 QAM, and 64-QAM. For 
each type, the SMF length varied from 60, 80 and 100 
Km. At a certain length of SMF, we found that maximum 
received power occurs when 64-QAM OFDM is used. 
However, the minimum received power occurs when 
BPSK is used as shown in Figure 3. To study the quality 
of the received signals, which is modulated and demodu- 
lated by using QAM, an electrical constellation visualizer 
is used. Modulation of the digital OFDM signal by using 
2-QAM or BPSK was our first step in this experiment. 
Figure 4 shows a constellation diagram of three different 
cases of BPSK, when SMF equals 60, 80 and 100 Km, 
respectively. A 60 Km length of SMF can be clearly seen, 
the constellation is more clearly arranged, and the stars 
are separated (Figure 4(a)). Expanding the SMF length 
up to 80 and 100 Km (Figures 4(b) and (c)) respectively, 
gives us constellations that are less arranged than the 
constellation at 60 km. Having scattered constellations in 
80 and 100 km shows that the qualities of the received 
signals are less than at 60 km, however, these qualities 
are acceptable overall. 

 

 

Figure 2. Proposed bidirectional WDM-PON system with OFDM downstream link and WBTW-ROS for Upstream link. 
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Figure 5 represents a constellation diagram where a 

16-QAM modulation is used at a different length of SM. 
When a 60 km SMF is used, the received signals show a 
more clearly arranged constellation (Figure 5(a)), as 
compared to the constellations when 80 and 100 km SMF 
is used. Using a 64-QAM modulation type produces 
more power than the other types. However, the constella- 
tions of the received signals are more scattered, espe- 

cially at 100 km (Figure 6). The upstream link BER and 
Q factor were measured at different lengths of SMF. 
When 60 Km SMF is used, the BER equals 37.8, and the 
Q factor is very close to zero. Having less BER and more 
Q factor portrays a large eye opening in the eye diagram 
pattern (Figure 7(a)). As the SMF length expanded, the 
BER increases, and the Q factor reduces; as a result the 
opening eye will became smaller (Figures 7(b) and (c)). 
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Figure 3. Received power of downlink signal vs length of SMF. 
 

       
(a)                                     (b)                                     (c) 

Figure 4. Electrical constellation of the received downlink signal modulated by BPSK over (a) 60 Km (b) 80 Km (c) 100 Km. 
 

       
(a)                                     (b)                                     (c) 

Figure 5. Electrical constellation of the received downlink signal modulated by 16 QAM over (a) 60 Km (b) 80 Km (c) 100 Km. 
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(a)                                     (b)                                     (c) 

Figure 6. Electrical constellation of the received downlink signal modulated by 64 QAM over (a) 60 Km (b) 80 Km (c) 100 Km. 
 

       
(a)                                     (b)                                     (c) 

Figure 7. Eye diagram of the received uplink signal with different length of SMF (a) 60 km (b) 80 Km (c) 100 Km. 
 

4. Conclusion 

In this paper we have demonstrated how to transmit sig-
nals via SMF with lengths up to 100 km by using OFDM, 
which is modulated by BPSK, 16QAM, and 64QAM in 
the downstream link. The received signals were studied 
by using an electrical constellation visualizer, which 
helps to show the constellation of the symbols at the re- 
ceiver’s end. According to the maximum received power 
when 64-QAM was used, the best modulation method is 
64-QAM, while BPSK is the worst. For the upstream link, 
the wide band traveling wave modulator was used, and 
the BER and Q factor of the received signals were meas- 
ured. Even when expanding the SMF length up to 100 
km, the opening eye of the received signals is big enough 
for having received signals with good qualities. 
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