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Abstract - Multilevel modulation format, DQPSK is considered to be an efficient technique in today’s communication 
system due to its high spectral efficiency. This paper presents the design architecture for 16-channel long haul WDM 
systems, where each channel operates at data rate of 10 Gbps. The proposed design has been simulated for 50 GHz channel 
spacing to compare the performance of DQPSK-RZ and -NRZ techniques. The different performance parameters have been 
obtained like eye diagram, optical spectrum, BER, Q factor, etc. The simulation studies show that the DQPSK NRZ 
performs better than that of DQPSK RZ because of fewer complications as of nonlinearities and dispersion in DQPSK NRZ. 
Also, DQPSK NRZ has lower BER and high Q factor value as compared to RZ. 
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I. INTRODUCTION 
 
The need for high speed with maintaining the signal 
quality is one of the major challenges in today’s 
transmission systems [1]. But as the transmission 
capacity increases, the power level on the transmitter 
side also increases. Due to increase in this power 
level, the system degradations due to nonlinearity 
affects and interference arise. Also, other factors 
including chromatic dispersion, filter concatenation, 
crosstalk etc. are major factors which affect the 
system performance [2]. This demands a modulation 
technique which will be a capable to solve all these 
problems and simultaneously maintain the system 
performance. 
 
The DQPSK technique, presented in this paper, is one 
approach to achieve high speed with better 
performance and to compensate any nonlinearity, 
interference to the greater extent. The main advantage 
of DQPSK technique is its differential property. Due 
to this property, it helps in reducing the complexity of 
transmitter section, and hence saves power. Also, it is 
the combination of all the multi-level modulation 
formats, and these multi-level modulation formats not 
only requires high OSNR, but also should be more 
sensitive to nonlinear effects and noise factor [3]. 
In simple QPSK technique, the absolute phase is 
used, but in this differential-QPSK technique, the 
transmitted information is encrypted as the phase 
variation from one symbol period to the next symbol 
period [4]. This phase change is detected by the 
coherent receiver used in the system. Due to this, the 
DQPSK technique is unaffected by fixed phase offset 
and has the benefit of avoiding the need for a 
synchronized local carrier [3]. 
 
The drawbacks of QPSK technique which are mainly 
the increased SNR required and the increase in the 

complexity of the system are solved in DQPSK 
technique. This technique has less complexity; better 
efficiency and high tolerance to effects of dispersion 
like CD, PMD etc. Also in comparison to QPSK 
technique, DQPSK operates at a lower symbol rate 
for the same total bit rate [4]. 
 
In this paper, we employ the 16 channels WDM 
system with 50 GHz spacing using DQPSK-RZ and 
DQPSK-NRZ techniques. Thus, the system 
performance is analyzed on the basis of design 
parameters which include Q-value, BER, eye 
opening, jitter etc. 
 
This paper is organized as follows; Section 2 briefly 
explains the 16 channel WDM transmitter section for 
DQPSK modulation technique. Section 3 design the 
simulation setup of 16 channels optical WDM system 
each with DQPSK-RZ and DQPSK-NRZ modulation 
formats. Section IV mentions the assumptions and 
discusses the several parameters used in the 
simulation. In section V, simulation results are 
discussed and finally section VI concludes the 
findings. 
 
II. DQPSK TRANSMITTER SECTION 
 
The DQPSK modulation technique is becoming a 
main research focus among researchers, due to its 
high tolerance to dispersion, and ability to 
successfully mitigate the nonlinear effects. But, the 
designing of transmitter section is a challenging task 
for designers, because of concatenation of various 
modulator stages; along with maintaining the system 
performance [5,6]. 
 
In optical DQPSK, the information is encrypted as 
the differential optical phase between the successive 
bits, and this optical phase takes one out of the 4 
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values [0, ᴨ/2, ᴨ, 3ᴨ/4]. In this, there are four 
symbols, which are mapped to a specific change in 
phase. The mapping of two bits is done with the help 
of this technique and thus effectively transfers the 
data to one of the four modulated phase pattern. Since 
two bit information is transmitted by each symbol 
instead of one, the ‘π/2’ phase reference in between 
the “0” and “1” phase, and thus symbol rate has the 
value equal to half of the total bit rate B [4]. In 
transmitter section, with different possible 
combinations of Mach-Zehnder modulators and phase 
modulators, different possible arrangements are 
created to generate the DQPSK phase signal [7]. The 
one combination, which is most common, has its 
block diagram depicted in fig. 1. 
 

 
 

Figure 1:  Single Channel DQPSK NRZ Transmitter Block 
Diagram. 

 
The various components required in designing the 
transmitter for the single channel are (a) two data 
sources each of 5 GHz data rate (b) DQPSK precoder 
(c) RZ or NRZ modulator drivers (c) Low Pass filters 
(LPF) (iv) a Laser source (v) Phase shift bias (vi) 
DQPSK modulator. 
 
The two data sources in the transmitter section are 
used to generate the pseudo random bit sequence 
(PRBS). The output of these two data sources is then 
given to DQPSK precoder, which is key component 
used in WDM systems for DQPSK transmissions. 
This precoder is used to minimize the system 
complexity, for avoiding the iterative decoding and 
for any wrong transmission. This DQPSK precoder 
has two output signals, which modulates the 1st and 
2nd modulator i.e. RZ or NRZ for 4-level phase 
modulation [2]. 
These MZMs are followed by a low pass Bessel filter, 
which send the filtered output to final DQPSK 
modulator by maintaining the waveform of the 
signals [8].The laser source is also attached to input 
of DQPSK modulator for providing the specific 
wavelength of light. These DQPSK modulators will 
finally produce the desired DQPSK output, according 
to the given phase shift bias at the input [9]. 
The transmitter section thus produces DQPSK-RZ or 
DQPSK-NRZ optical signal, based on the type of 
modulation driver used, as shown in fig. 1 
respectively. The shown fig. 1 is DQPSK transmitter 
with NRZ modulator driver. Similarly, the DQPSK 

transmitter with RZ modulator driver can be 
designed. The filter bandwidth and driving voltage of 
MZM’s may also affect the final optical signals [11]. 
 
III. SIMULATION SETUP 
 
The transmitter section discussed above is used 16 
times, in order to design the simulation setup for 16 
channels WDM system. The simulation setup for 16 
channels WDM system is shown in fig. 2. This setup 
is used to transmit the data to distance of 100 km with 
the help of DQPSK technique. The system 
performance is also studied by using various 
parameters such as BER, eye diagram, spectrum etc. 
The data rate in all 16 channels remains same, while 
the laser frequency of all 16 transmitters is variable, 
with channel spacing of 50 GHz. These lasers have 
the output optical power of 20 dBm. 
A combiner is used after the 16 channels, to combine 
the DQPSK outputs from all the 16 channels. It 
combines the signal power from 16 channels. This is 
then amplified; to further transmit it to the fiber of 
distance 100 km. The amplification of the signals is 
being done with the help of EDFA, which are used in 
between the links [12]. 
The fiber of 0.2 dB/km attenuation value and 
dispersion of 17 ps/km/nm, is used. The band pass 
filter is used, to pass the frequency only of certain 
band. This filter has two sided bandwidth 35 dB and 
1550 nm as the center wavelength. The filtered output 
is received by a PIN photodiode, which has the 
quantum efficiency 0.75, 0.9393821 A/W 
responsivity and 0.1 nA dark current. The used Bessel 
filter in this of order of 4. 
The optical spectrum for DQPSK modulation 
technique for 16 different channels is studied with the 
help of an optical spectrum analyzer (OSA). OSA is 
used at the output of fiber. Also the eye diagram is 
studied by taking different transmission distances. To 
check the time interval in which the received signal at 
the output is sampled without any error, the width of 
eye opening is measured. The optical signal is best 
received when the height of eye opening in the eye 
diagram is maximum. This height is reduced when 
there is some distortion or interference in between the 
channels. These problems usually occur at higher 
transmission distances. The noise margin i.e. 
immunity to noise in the system is shown by the 
height of eye opening at any specified sampling time 
[13]. 
In an optical fiber system, another system 
performance parameter i.e. jitter (also known as 
timing jitter), arises from the receiver noise and any 
distortion in the fiber. The amount of jitter is 
indicated by the amount of distortion in the system, if 
the optical signal is sampled in the middle of any time 
interval [5]. 
At the receiver, the coherent receiver is used, for the 
process of carrier recovery. This is being done for 
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extracting the frequency and phase of incoming 
carrier signal. 

 
Figure 2: Simulation Setup of 16*10 Gbps WDM System 

 
The various simulation parameters of the system for 
both DQPSK-RZ and DQPSK-NRZ techniques are 
listed in table 1. 
 

Parameters DQPSK-NRZ DQPSK-RZ 

Laser Power (nm) 1547.925-1551 1547.725-
1551 

Central frequency 
of first channel 193.673 193.673 

Frequency (nm) 1550.0 1550.0 
Attenuation  (dB) 0.4 0.4 

Dispersion 
(ps/nm/km) 18 18 

Differential group 
delay (ps/km) 0.5 0.5 

Samples per bit 45 45 
Fiber non 

linearity coeff. 1.26677 1.26677 

Raman Constant 0.18 0.18 
Table 1. Simulation Parameters 

 
RESULTS AND DISCUSSION 
 
The eye diagrams obtained at various transmission 
distances in 16 channels WDM system, are shown in 
fig. 3 (a) & (b). These are studied for DQPSK-RZ and 
DQPSK-NRZ technique. From these eye diagrams, it 
is analyzed that the DQPSK-NRZ modulation format 
have better eye opening as compared to DQPSK-RZ. 
Also, the data is transmitted to distance of 100 km. 
 

 
(a) 

 

 
(b) 

Figure 3: Eye Diagram for DQPSK  (a) RZ (b) NRZ 
Modulation format 

 
The optical spectrum obtained from the optical 
spectrum analyzer, are shown in fig. 4 (a) & (b). 
From these optical spectrums, it is analyzed that the 
DQPSK modulation format performs better and 
receive the optical spectrum free from any noise, in 
case of DQPSK-NRZ as compared to DQPSK-RZ, in 
16 Channels WDM optical communication systems. 
 

 
(a) 

 

 
(b) 

 
Figure 4: Optical Spectra for DQPSK (a) RZ (b) NRZ 

Modulation format 
 
BER for both DQPSK RZ and NRZ technique is 
shown in fig. 5. For obtaining the high bit error ratio, 
the interference in between the channels, must be 
controlled. 
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(a) 

 

 
(b) 

Figure 5: BER for DQPSK (a) RZ (b) NRZ Modulation format. 
 
The BER for DQPSK-RZ and DQPSK-NRZ are 
shown in fig. 5. In this figure, length (km) is plotted 
on X-axis and BER at Optimal Decision Threshold is 
plotted on Y-axis. 
 
CONCLUSION 
 
Thus, we have successfully studied the 16 channel 
WDM systems with DQPSK-RZ and DQPSK-NRZ 
modulation technique. The results shows that the 
DQPSK-NRZ format has better eye opening, received 
noise free optical spectrum and better system 

performance in comparison to DQPSK-NRZ 
modulation format. 
The comparative analysis of various performance 
parameters for DQPSK-RZ and DQPSK-NRZ 
technique is shown in Table 2. 
 

Sr. 
No. Parameters DQPSK 

RZ 
DQPSK 

NRZ 
1. BER 2.32e-30 1e-40 

2. Jitter 1.32564 0.0295994 

3. Q value (dB) 16.32 24.42 

4. Eye Opening 1.2302e-
002 3.4023e-005 
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