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Abstract: In this paper role of different modulation formats is elaborated. After comparing the performance of RZ 

and NRZ modulation formats. The ability to modulate optical signals in formats different of the common RZ and 

NRZ like duobinary, modified duobinary, carrier suppressed RZ, DPSK and DQPSK is explained 

1. Introduction 

In the past, the optical modulation format employed in lightwave communication systems was non-return-to-zero 

(NRZ). At that time, the most deleterious effect of an optical fiber was the dispersion, which increases with the bit 

rate. However, at high bit rate, such as 40 Gb/s, the effect of nonlinearity becomes more important, and the RZ 

signal format is proving to be superior to NRZ at such high bit rates. The advantages of the RZ signal format over 

the NRZ are discussed below. Due to the fact that the RZ signal format has larger bandwidth than the NRZ, the RZ 

pulses are broadened more rapidly by dispersion. However, this turns out to be beneficial because as a pulse is 

broadened, its peak decreases. The severe pulse broadening in the case of RZ signals makes it more robust to the 

effect of nonlinearity [1]-[5] due to the fact that the nonlinear effect is proportional to the signal intensity. This is 

very important in high-bit-rate systems in which high launched power is required to provide adequate SNR at the 

receiver. The effect of accumulated dispersion can be removed by employing dispersion compensation, which in 

effect recovers the waveform back to its original form. Since the pulse width of the RZ signal is narrower than that 

of the NRZ signal, the RZ pulse has higher peak power than the NRZ for a given average power. Thus, the eye 

opening of the RZ signal format is wider than that of the NRZ, resulting in better receiver sensitivity than the NRZ 

for a given average power [6-8]. This implies that for a required receiver sensitivity, the transmitted power can be 

lowered by employing the RZ signal format rather than the NRZ [7]. The better receiver sensitivity in the case of the 

RZ signal also suggests that the transmission distance can be increased compared with the NRZ signal for the same 

transmitted power [8]. When the SPM is considered, its interaction with dispersion depends strongly on the pulse 
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width. In the case of the NRZ signal format, the transmitted signal consists of pulses having different pulse widths 

depending on the data pattern. Thus, the effect of SPM depends on the data pattern. On the other hand, the 

transmitted RZ signal consists of a sequence of identical pulses corresponding to the data pattern; hence, the pattern-

dependence of SPM-induced waveform distortion can be avoided [9-12]. In addition, the interaction between the 

SPM and dispersion in the anomalous dispersion regime can be exploited effectively in the case of the RZ signal, 

resulting in uniform pulse compression. 

2. System description:   

To generate the optical signals we have used a CW laser source, Mach-Zehnder modulators, NRZ pulse pattern 

generator and a sinusoidal electrical signal generator. Furthermore, we have used a duobinary precoder for the 

duobinary and MDRZ signals in order to avoid recursive decoding in the receiver. 

Figure 1 shows a system transmitting a Duobinary signal at 40 Gb/s. The Duobinary was generated by first creating 

an NRZ doubinary signal using a precoder and a duobinary pulse generator. The generator drives the first MZM, and 

then concatenates this modulator with an second modulator that is driven by a sinusoidal electrical signal with the 

frequency of 40 GHz.The duobinary precoder used here was composed of an exclusive-or gate with a delayed 

feedback path. 

 

Figure 1: System Set-up 
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3. Results and discussions 

The optical signal at the output of the second MZ modulator is shown in Figure 2. The CSRZ signal is generated in a 

similar way to the RZ format. However, the frequency of the sinusoidal electrical signal applied in the second MZM 

has half of the bit rate, 20 GHz.  

The second MZM was biased in a way to provide alternating optical phases between 0 to for the neighboring time 

slots. 

 

 

(a) 
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Figure 2 Duobinary signal (a) Time domain, and (b) spectra 

Most installed fibers are standard single mode fibers (SMF) with high group velocity dispersion values () at 1.55 µm. 

To achieve a good level of bit-error-rate (BER) as well as to enable larger repeater spacing and larger signal-to-noise 

ratio (SNR) in this type of fiber, it is very important to consider the influence of group velocity dispersion, nonlinear 

effects, PMD, and their interplay on the transmitted signals. Increasing the capacity of optical systems may require 

either an increase in the bit rate, usage of WDM or ultimately both. At high bit rates, the modulation format, type of 

dispersion compensation scheme, and channel power become important issues for optimum system design. In 

particular, it has been demonstrated numerically and experimentally that the conventional nonreturn-to-zero (NRZ) 

modulation format is superior compared to the return-to-zero (RZ) modulation when dealing with large WDM 

systems, as RZ modulation causes a significant Eye Closure Penalty near end channels. The results obtained in this 

tutorial will be used to compare the Eye Closure Penalties for both NRZ and RZ cases, as well as the effects of 

nonlinearities. 

 

4. Conclusions 
It is clearly seen that the RZ signal format provides many advantages over the NRZ signal in terms of tolerance to 

interchannel and intrachannel impairments. However, the system performance can be further improved by imposing 

some special characteristics onto the RZ signal. Each RZ optical modulation format has its own mechanism to 

combat the impairments caused by dispersion and nonlinearity in an optical fiber. Those mechanisms are spurious 

pulse suppression and pulse compression, which are obtained by manipulating the phase of the signal. However, the 

RZ pulse shape itself can also lead to performance improvement 
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