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Abstract In this evaluation, we have compared two popular return to zero (RZ) and non-return to zero (NRZ) modulation
formats in a 100-km and 400-km single-channel and wavelength division multiplexing (WDM) optical networks for bit rate
of 10-Gb/s and 160-Gb/s, respectively, by using Optisystem software. The results showed the better performance of the RZ
technique in tolerating the non-linear effects and noisy environments. It’s shown that NRZ technique is a good option for
single-channel networks and long-haul WDM links. The obtained evaluation results show that the RZ technique is a better

choice for short-distance WDM links.
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1. Introduction

Return to zero (RZ) and non-return to zero (NRZ) are the
popular techniques, which are used to encode optical pulses
in optical networks. In a simple comparison, the NRZ
technique requires less bandwidth for transmission than the
RZ and it is not sensitive to laser phase noise. Also, while the
NRZ is more economical, the RZ, on the other hand, is more
tolerant to nonlinearity than the NRZ [1].

In a study, the RZ and the NRZ techniques have been
compared in an optical duobinary system. The results
showed that NRZ pulse shape was superior compared with
RZ for duobinary transmission in all the cases that were
studied including systems that are limited by
amplified-spontaneous noise, fiber chromatic dispersion and
self-phase modulation [2].

Another study has been done to compare standard forward
error code (FEC) in 40 Gb/s optical transmission systems
with NRZ, RZ, and -carrier-suppressed RZ (CS-RZ)
modulation formats. The results showed the NRZ format had
a similar tolerance to intersymbol interference due to the
interaction of dispersion and nonlinearities as that of RZ and
CS-RZ formats without FEC [3]. A comparison between the
NRZ and the RZ data formats with respect to polarization
mode dispersion (PMD)-induced system degradation
showed the RZ performance better than the NRZ [4].
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Another comparison between the RZ and the NRZ
modulation formats for 40-Gb/s time division multiplexing
(TDM) system, showed that for upgrading the existing
network to 40-Gb/s, the RZ-modulation format is superior
compared to conventional NRZ-modulation. They reported
that transmission distances of 400 km and 1200 km with bit
rate of 40 Gb/s are feasible within the RZ- and the
NRZ-modulation formats [5].

The effects of amplified spontaneous emission in the
networks with the RZ, the NRZ, and the CS-RZ modulation
formats were evaluated by using an Erbium-doped fiber
amplifier (EDFA). The results showed the smaller
bandwidth was required by using NRZ format, while better
performance of the RZ format was obtained to withstand
fiber non-linearity effects [6].

A comparison of the RZ and the NRZ modulations in laser
intra-satellite communication systems showed that by using
an amplifier, the RZ format had a better performance for a
long transmission distance; and without an amplifier, the
RZ- and the NRZ-modulation formats had the same
performance [7].

In a 2.5-Gb/s optical network, the RZ- and the
NRZ-modulation formats have been compared, where the
BER for the network with the NRZ- and the RZ-modulation
techniques were 10™* and 1072, respectively, with 30-km
single-mode fiber link. The results of this study showed the
better performance of the NRZ format [8].

Another comparison between the RZ- and the
NRZ-techniques has been reported in a 4-users WDM
system with bit rate of 2.5-Gb/s per channel. The results for
transmission distance of 400 km showed the BER of 107
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and 107 for the RZ- and the NRZ modulation techniques,
respectively. They reported better performance of the RZ
modulation format [9].

Recently, we have designed a 160 Gb/s DWDM network
with transmission power of 0 dBm, using NRZ encoding
technique through a 32-chanels optical transmitter over a
distance of 1000 km [10]. In the present study, we have
compared the NRZ- and the RZ-modulation techniques in a
400-km/10-Gb/s single-channel and a 400-km/160-Gb/s
WDM networks. The analyses are based on eye-diagrams of
the simulated received signals in each case.

2. Design of Optical Link

We have designed an optical network to be used as a
single-channel wavelength division multiplexing (WDM)
link, by using Optisystem software. To this aim, we have
designed a span including a 100-km non-zero dispersion
shifted fiber (NZDSF), 2.7 km of dispersion compensating
fiber (DCF), an EDFA with a gain of 21 dB and six
connectors with a total loss of 4.5 dB.

We have built a loop control in the network to increase the
number of spans for each design step, as shown in Fig. 1.
Each loop is equivalent to 100 km fiber. In Table 1, the
parameters of the designed optical link are tabulated.

To start with, first the loop was set on 1 and in another
attempt; it was set on 4 for 100-km and 400-km transmission
distances, respectively. We have used this network as a base
for designs of single-channel and WDM optical links to

evaluate the RZ- and the NRZ-modulation techniques in
each network case.

3. Simulation of Single-Channel Optical
Link

To design a single-channel optical network, the base
optical link of Fig. 1 is employed and inserted between point
A and B of Fig. 2, interconnecting the transmitter and
receiver that are designed, by using the selected design
parameters given in Table 2. The full diagram of the
designed single-channel optical network is depicted in Fig. 2,
which is used to modulate single wavelength based on the
RZ/NRZ techniques. Each employed connector has a loss of
0.75 dB.

The transmitter was set on direct modulation technique
(DMT), where the light wave propagates through the fiber
without using an external modulator. In the receiver side, a
PIN photodetector is used with a bit rate (B) of 10 Gb/s and
cutoff frequency of (0.75xB) Hz. The receiver sensitivity
and noise figure are -18 dBm and 6 dB, respectively.

Throughout our analysis, the parameters of the
eye-diagrams, which are obtained by the Optisystem
software, are used. Now, by using the RZ- and the
NRZ-modulation formats, in a 100-km and a 400-km
transmission distances will result in the eye-diagrams of the
respective received signal, as shown in Figs. 3 for
comparisons.
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Figure 1. The designed optical link

Table 1. Parameters of the designed optical network

Optical Fiber

100 km NZ-DSF

Dispersion of NZ-DSF

4 ps/nm.km

Loss Per Connector

0.75 dB

Number of Connectors

6

Length/dispersion of DCF

2.7 knmy/-147 ps/nm.km

Amplifier Type/Gain

EDFA/21dB

Noise Figure

6 dB

System Margin

6 dB
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Figure 2. Block-diagram of the designed single-channel network
Table 2. Parameters of the transmitter/receiver used for RZ/NRZ single-channel network
Parameters Transmitter Parameters Receiver
Transmission type DMT Type PIN photodetector
Transmitter power 5 dBm Cutoff frequency 7.5 GHz
Bit rate 10 Gb/s Bit rate 10 Gb/s
Central wavelength 1550 nm Receiver sensitivity -18 dBm
Modulation type RZ/NRZ Thermal noise 1e-022 W/Hz
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Figure 3. The eye-diagram of the received signals from 100-km and 400-km single-channel networks by using (a) RZ and (b) NRZ modulation formats,
respectively
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Table 3. Parameters of the received signal for the different distances of the
single-channel networks

TraDniZEinscs;on Modulation Max. Min. BER Eye-height
(km) type Q-Factor (a.u.)

RZ 27.6145 | 3.19924e-168 | 0.00373972

100 NRZ 32.0246 | 2.19395e-225 | 0.00460835

RZ 9.42732 | 1.88909¢-021 | 0.000994257

400 NRZ 11.0457 | 1.06243e-028 | 0.00129043

Table 3 shows the numerical parameters of the received
signals from the 100-km/400-km single-channel optical
networks. In the single-channel network, we have examined
the effects of RZ and NRZ modulation techniques for the
100-km and 400-km transmission distances with a bit rate of
10 Gb/s by using the eye-diagram parameters.

Comparing the eye-diagrams in Fig. 3 will show a low
level noise because of the ideal height opening of the eye
diagrams. The amplitude (the height between points A and E)
of the eye achieved from the NRZ format is higher than that
of the RZ, which shows a higher received power and easier
detection of the NRZ signals by the receiver. It is noted in
Table 3 that the higher quantity of Q-factor and the
eye-height (the length between points B and D for NRZ and
the points h and I for RZ technique) and lower BER of the
NRZ received signals show a better performance of this
technique as compared to the RZ format. The jitter (the width
between points F and G) is low in both methods for 100-km
transmission distance.

For transmission distance of 400-km, the distortion (the
distance between points A and B) can be observed at
high-levels of both the eye-diagrams; but as we can see, the
RZ format presents lower levels of non-linearity effects on
the received signals. According to the ideal eye-height, the
signal-to-noise ratio (SNR) (the height between points B and
C) is acceptable and the signals have enough power to be
detected by the receiver.

The numerical parameters in Table 3 show a better
performance of the NRZ modulation technique due to the
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higher SNR and eye-height, and a lower BER. But in
long-haul systems, which are affected by distortion and noise,
using RZ modulation technique is recommended.

4. Simulation of WDM Link

With a similar procedure, a WDM link is made by
connecting a transmitter to point A and a receiver to point B.
We have used the 32-channel WDM transmitter with a bit
rate of 5 Gb/s by using NRZ- and RZ-modulation techniques
for distances of 100 km and 400 km, as illustrated in Fig. 4.
The full characteristic parameters of the transmitter and
receiver are given in Table 4.

The eye-diagrams of the received signals from 100-km
and 400-km distances of the WDM network with bit rate of
160 Gb/s by using RZ- and NRZ-modulation formats, as
depicted in Fig. 4. The parameters of the eye-diagrams for
the received signals from 100-km and 400-km WDM links
based on RZ- and NRZ-modulation techniques are tabulated
in Table 4.

Comparing the eye-diagrams in Fig. 5 will show that both
the techniques have transmitted signals symmetrically,
because occurring rise/fall times in the consecutive periods
are at the same points. The NRZ signals have higher
amplitudes, indicating that high-power signals are received
by using this technique. The parameters in Table 5 indicate
that by using RZ technique for 100-km WDM link, a higher
Q-factor and lower BER are attained. In both methods,
distortion in logic 1 is evident, but it does not cause to disturb
the signal shapes.

By increasing the transmission distance up to 400 km in
the WDM link, noise and distortion of the NRZ signals were
more than that of the RZ signals. However, the amplitudes of
the NRZ signals were higher than that of the RZ signals.
Numerically, as we can see in Table 5, the NRZ signals have
a higher Q-factor and an eye-height, and lower BER,
indicating a better performance of signal-to-noise, resulting
in a less erroneous transmission.

. B

B Rx

Optical Reoeiver 1

Cutoff frequedey = 0.75* Bit rat
Connector 2 )
Insertion loss -<E ..........

g L2 T I I I I TR ET ST 2T LR 22T

i

output ports = 32

Figure 4. Block-diagram of the designed WDM Network
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Table 4. Characteristic parameters of the designed WDM transmitter and receiver

Parameters Transmitter Parameters Receiver
Transmission type DML Type PIN photodetector
Number of channels 32 Cutoff frequency 37.5 GHz
Transmitter power 5 dBm Bit rate 5 Gb/s
Bit rate per channel 5 Gb/s Receiver sensitivity -18 dBm
Total bit rate 160 Gb/s Thermal noise le-022
Central wavelength 1550 nm Loss of demultiplexer 5dB
Modulation types RZ/NRZ Number of outputs 32
Loss of multiplexer 5dB Insertion loss of PIN 3dB
Frequency spacing 100 GHz - -
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Figure 5. The eye-diagrams of the received signals from 100-km and 400 km WDM networks by using (a) RZ and (b) NRZ modulation techniques
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Table 5. Parameters of the eye-diagram of the received signal from WDM network

Transmission Distance (km) Type Max. Q-Factor Min. BER Eye-Height
RZ 34.19242 1.42307e-256 0.000268329
100 NRZ 28.8535 2.12699¢-183 0.000377886
RZ 8.92451 1.88235e-019 6.62429¢-005
400 NRZ 11.064 7.49404¢-029 0.000108488

5. Discussions

In a study, the RZ/NRZ techniques were compared and
reported the RZ technique as a better modulation format
because of its less PMD in transmission [4]; not only PMD,
but also some other parameters are effective in choosing one
method between the two, which are affected by non-linear
properties of fiber that should be considered in final choice.

In an article, the RZ and the NRZ methods were compared;
the results showed the same performance for both the
methods [3]. This comparison only checked intersymbol
interference (ISI) in a 40 Gb/s network, but the question is
that how the results would appear by increasing/decreasing
the bit rate, transmission distance or number of wavelengths?

In another study which was done on communicating
satellites, the selected better formats for long- and
short-transmission distances, were the RZ and the NRZ
techniques, respectively [7]. The point is that to choose a
better technique when the number of users are increased,
thus we need implementing a WDM network.

A comparison between the RZ and the NRZ techniques
with/without EDFA in transmission link was done and the
results showed better performance with NRZ method for
both the cases [8].

6. Conclusions

In this paper, we have evaluated the influences of the
RZ/NRZ modulation techniques in a single-channel and
WDM networks for transmission distance of 100 km and 400
km by using Optisystem software. The results have been
analyzed based on the eye-diagrams of the received signals
obtained in each case.

The obtained results show that the RZ modulation
technique has a better performance in noisy environments
and situations where distortions affect on the transmitted
signals.

In the 10-Gb/s single-channel optical networks, using
NRZ modulation technique is recommended, because of its
low BER and high Q-factor for both 100-km and 400-km
optical transmission network.

In the 160-Gb/s WDM network, the RZ technique had a
better performance due to the higher Q-factor and lower
BER for short distances. On the other hand, the NRZ
technique had a better performance in long-haul WDM
network, but with more vulnerability from fiber non-linearity
and noises.
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