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Abstract: This article has demonstrated the performance
parameters optimization of the Giga passive optical net-
works (PONs) can enhanced with high transmission data
rates with various modulation schemes. These modulation
schemes are Mach–Zehnder modulator (MZM), electro-
absorption modulator (EAM), amplitude modulator (AM),
dual drive MZM measured (DDMZMM), electroabsorption
modulator measured (EAMM), and LiNb MZM. The network
reach can be extended to 30 km with 20 Gb/s. Maxi Q and
mini bit error rate can be measured at both PIN and APD
receivers. The study has emphasized AMmodulation scheme
is the best candidate modulation scheme for upgrading the

network performance efficiency. LiNb MZM is the worst
modulation scheme for the estimation of PONs performance.
Optical power signals after fiber optic channel based
differentmodulation schemes are clarified. EAMmodulation
scheme is the best technique for upgrading optical power
signal through the network reach.

Keywords: DDMZM; EAM; MZM; performance optimization;
PON.

1 Introduction

They have studied the Ethernet passive light network
simulation system by using Optimism simulation software
version 3.6 [1–12]. They have used this program to build
Ethernet light passive network with the performance
parameters evaluation [13–20]. They have evaluated the light
passive network performance based on the employment of
1580 and 1625 nm wavelength instead of 1310 and 1490 nm
[21–30]. They have used light line terminal with light
network unit for the build of the system architecture based
on singlemodefiberwith variousfiber lengths [31–40]. Their
results clarified the enhancement of the light Ethernet
network performance parameters though the increase the
total number of subscribers that are connected to the light
Ethernet network [41–45]. They have employed the trans-
mission distance incremental that is reduced in the light
output power received at the receiver site and therefore
reduces BER [46–50]. Optical system networking have been
clarified the attractive techniques and methods to high rate
increase in light Ethernet optical path networking [51–59].
High Giga bit bandwidths are employed for Internet/multi-
media applications. The higher transmission reach that
achieved the interconnection delays are increased. By the
employment of digital optical fibers, consistent signal is
employed over the transmission path length [60–70].

Their studies have calculated the budget of the fiber loss
to be sure that enough light signals have reached the light
receiver in order to achieve adequate system network
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performance [71–75]. Their studies are employed to calculate
the fiber pulse dispersion and then to calculate the fiber
bandwidth [76–85]. Passive light network system can be used
to transmit signals at the proper high speed data rates
transmission through ling reach [86–93]. The performance
parameters of a digital light transmission system can be
estimated by the date rate transmission distance product at
the Tx–Rx spacing [94–106]. There are many performance
parameters that is influenced by this passive light ether met
network system, the required input signal light power in
the receiver site are employed to get the BER, and the total
fiber system attenuation and fiber bandwidth through
passive light Ethernet network system [107–128].

This study has clarified the network reach that can be
extended to 30 km with 20 Gb/s. Maximum Q and mini bit
error rate can be tested at both PIN and APD receivers. The
study has emphasized AM modulation scheme is the best
candidate modulation scheme for upgrading the network
performance efficiency. LiNb MZM is the worst modulation
scheme for the estimation of PONs performance. Optical
power signals after fiber optic channel based different
modulation schemes are clarified. EAM modulation scheme
is the best technique for upgrading optical power signal
through the network reach.

2 Simulation network model

Figure 1(a) shows the schematic view of passive optical
network description. Figure 1(b) clarify the passive optical
network simulation description. The digital stream of
bits generates serial of bits (one’s and zero’s) and these
stream of bits are encoded with NRZ modulation code. CW
Laser generates the light signal which is used as a carrier
to modulate the digital signal formats. The combined data
bits and the light signal code are modulated. These modu-
lation schemes are MZM, EAM, AM, DDMZMM, EAMM and
LiNb MZM. Maximum Q and mini bit error rate can be
tested at both PIN and APD receivers. The study has
emphasized AM modulation scheme is the best candidate
modulation scheme for upgrading the network perfor-
mance efficiency. LiNb MZM is the worst modulation
scheme for the estimation of PONs performance. The
modulated signals are attenuated through the optical
attenuator. The attenuated signal though the optical fiber
channel and then amplified through Raman amplifiers and
EDFA amplifiers. The optical splitters are splitting through
PIN and APD receiver and the retiming, reshaped and
reconfigured signal through 3R regenerator. The light po-
wer is measured and Q and BER are measured through the
measurement device.

3 Network system results with
discussions

Wehave clarified the performance parameters optimization
of the Giga passive optical networks (GPONs) can enhanced
with high transmission data rates with various modulation
schemes. These modulation schemes are MZM, EAM, AM,
DDMZMM, EAMM and LiNbMZM. The network reach can be
extended to 30 km with 20 Gb/s. Maximum Q and mini bit
error rate can be analyzed at both PIN and APD receivers.
The study has emphasized AMmodulation scheme is the best
candidate modulation scheme for upgrading the network
performance efficiency. LiNb MZM is the worst modulation
scheme for the estimation of PONs performance. Optical
power signals after fiber optic channel based different
modulation schemes are clarified. EAM modulation scheme
is the best technique for upgrading optical power signal
through the network reach. Figure 2 has presented the Q
factor with time based MZM in the presence of PIN receiver.
Q value is 10.9832 while BER is 2.04 × 10−28, eye eight is 0.045,
threshold value is 0.0128 and decision inst. is 0.703.

Figure 3 has clarified the Q factor with time based MZM
in the presence of APD receiver. Q value is 10.9385 while BER
is 2.29 × 10−28, eye eight is 0.1322, threshold value is 0.356 and
decision inst. is 0.703.

Figure 4 has clarified Q with time based EAM in the
presence of PIN receiver. Q value is 10.6232 while BER is
1.13 × 10−26, eye eight is 0.0417, threshold value is 0.01289 and
decision inst. is 0.703.

Figure 5 has clarified Q with time based EAM in the
presence of APD receiver. Q value is 10.34 while BER is
2.06 × 10−25, eye eight is 0.1220, threshold value is 0.062 and
decision inst. is 0.703.

Figure 6 shows Qwith time based AM in the presence of
PIN receiver. Q value is 14.1062 while BER is 1.15 × 10−45, eye
eight is 0.0465, threshold value is 0.0116 and decision inst. is
0.71875.

Figure 7 illustrates Q with time based AM in the pres-
ence of APD receiver. Q value is 13.6178 while BER is
1.33 × 10−42, eye eight is 0.138711, threshold value is 0.0312 and
decision inst. is 0.71875.

Figure 8 clarifies the Qwith time based DDMZMM in the
presence of PIN receiver. Q value is 10.3397 while BER is
1.67 × 10−25, eye eight is 0.0599, threshold value is 0.01612 and
decision inst. is 0.71875.

Figure 9 illustrates Q with time based DDMZMM in the
presence of APD receiver. Q value is 10.6154 while BER is
9.965 × 10−27, eye eight is 0.1819, threshold value is 0.06846
and decision inst. is 0.359375. Figure 10 shows Q with time
based EAMM in the presence of PIN receiver. Q value is
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11.634 while BER is 1.14 × 10−31, eye eight is 0.043, threshold
value is 0.009 and decision inst. is 0.703125. Figure 11 showsQ
with time based EAMM in the presence of APD receiver. Q
value is 11.2779 while BER is 7.06 × 10−30, eye eight is 0.1305,
threshold value is 0.02902 and decision inst. is 0.703125.
Figure 12 reports Q with time based LiNb MZM in the pres-
ence of PIN receiver. Q value is 7.543 while BER is
2.144 × 10−14, eye eight is 0.0285, threshold value is 0.0144259
and decision inst. is 0.59375.

Figure 13 illustrates Qwith time based LiNb MZM in the
presence of APD receiver. Q value is 7.419 while BER is
5.4798 × 10−14, eye eight is 0.08396, threshold value is 0.04238
and decision inst. is 0.59375. Figure 14 reports the light power
signal after fiber optic channel based LiNbMZMmodulation
scheme. The power is −13.606 dBm which is equivalent
43.589 μW. Figure 15 shows the light power signal after fiber
optic channel based AM modulation scheme. The power
is −8.638 dBm which is equivalent 136.808 μW. Figure 16

Figure 1: (a) Proposed passive optical network description. (b) Proposed passive optical network description.
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Figure 3: Q factor variations with time based MZM in the presence of APD receiver.

Figure 4: Q with time based EAM in the presence of PIN receiver.

Figure 2: Q factor variations with time based MZM in the presence of PIN receiver.
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Figure 5: Q with time based EAM in the presence of APD receiver.

Figure 6: Q with time based AM in the presence of PIN receiver.

Figure 7: Q factor variations with time based AM in the presence of APD receiver.
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clarifies the light power signal after fiber optic channel
based MZM modulation scheme. The power is −8.640 dBm
which is equivalent 136.775 μW. Figure 17 illustrates the light
power signal after fiber optic channel based EAM modula-
tion scheme. The power is −8.678 dBm which is equivalent
141.962 μW.

Figure 18 shows the light power signal after fiber optic
channel based DDMZMM modulation scheme. The power
is −10.490 dBm which is equivalent 89.327 μW. Figure 19
shows the light power signal after fiber optic channel based
EAMM modulation scheme. The power is −8.625 dBm which
is equivalent 137.525 μW.

Figure 9: Q factor variations with time based
DDMZMM in the presence of APD receiver.

Figure 10: Q factor variations with time based
EAMM in the presence of PIN receiver.

Figure 8: Q factor variations with time based
DDMZMM in the presence of PIN receiver.
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Figure 11: Q factor variations with time based
EAMM in the presence of APD receiver.

Figure 12: Q factor variations with time based
LiNb MZM in the presence of PIN receiver.

Figure 13: Q factor variations with time based
LiNb MZM in the presence of APD receiver.

Figure 14: Optical power signal after fiber optic
channel based LiNb MZMmodulation scheme.
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4 Conclusions

We have studied the optimization of the performance
parameters of the Giga-bit PONs for the high transmission
data rates with various modulation schemes. Q factor and
BER values estimation are clarified based MZM, EAM, AM,
DDMZMM, EAMMand LiNbMZM in the presence of both PIN
and APD receivers. Max Q factor is 14.1, 13.61 and BER is
1.51 × 10−45, 1.33 × 10−42 with AMmodulation scheme for PIN,
APD receivers respectively. While the Max Q factor is 7.54,
7.41 and BER is 2.14 × 10−14, 5.47 × 10−14 with the LiNb MZM

modulation scheme for PIN, APD receivers respectively.
Thus the best modulation scheme is AMmodulation scheme
while the worst modulation scheme is LiNb MZM for the
network distance up to 30 kmand 20Gb/s. The best candidate
for upgrading the optical power signal through the network
is EAMmodulation technique,where the power is achieved a
value of 141.962 μW through the fiber channel.

Author contributions: All the authors have accepted
responsibility for the entire content of this submitted
manuscript and approved submission.

Figure 16: Optical power signal after fiber optic
channel based MZM modulation scheme.

Figure 17: Optical power signal after fiber optic
channel based EAM modulation scheme.

Figure 18: Optical power signal after fiber optic
channel based DDMZMMmodulation scheme.

Figure 15: Optical power signal after fiber optic
channel based AM modulation scheme.

Figure 19: Optical power signal after fiber optic
channel based EAMM modulation scheme..
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