
                                       

 

ABSTRACT:                                                                   

This paper deals with the performance 

analysis of SMF (single mode fiber)due to 

dispersion with two different modulation 

techniques as RZ and NRZ coding scheme 

with CW(continuous wave) and 

VCSEL(vertical cavity semiconductor) based 

laser sources. Dispersion compensation fiber 

(DCF), which compensates for dispersion at 

1310nm and 1551nm. The combination of 

SMF length 90km and DCF length 10km 

was chosen with the help of OPTSIM 

simulation software to achieve the best 

performance. The results of the simulation 

are validated by the analysis of numerical 

parameter as BER, Q-value, jitter and eye 

opening. 

Keywords: Dispersion, Dispersion 

compensating fiber (DCF), single mode fiber 

(SMF), Bit error rate (BER) and Q-value.  

1. INTRODUCTION: 

Optical fiber system require hundreds of 

design based considerations such as fiber 

type, modulation scheme, type of filters, 

amplifiers, etc. Instead of metal wires, fibers 

are used because signals travel along with 

less loss over distance[1]. Therefore the 

transmission characteristics of an optical 

fiber need to be analyzed. The main goal of 

the communication system is to incease the 

transmission distance and produce the high 

data rates with fewer dispersion. The 

performance of the SMF is mainly limited by 

chromatic dispersion also called group 

velocity dispersion which occurs because the 

index of the glass varies slightly depending 

on the wavelength of the light and the light 

from real optical transmitters has a non-zero  

   

 

spectral width[2]. Polaraisation mode 

dispersion(PMD)is another source of 

limitation, which occurs because of single 

mode fiber can support only one transverse 

mode, it can carry this mode with two 

different polaraizations, and any fiber 

distortions can alter the propagation 

velocities known as birefringence. High 

speed SMF transmission at 1.55 μm gets 

affected by nonlinear effects such as 

SPM[3]. To overcome these effects and 

dispersion, many techniques have been 

implemented. One of the widely used 

practical techniques for compensating 

chromatic dispersion in long-haul 

communication systems is the use of 

dispersion compensating fiber. This paper 

shows how the performance of an SMF was 

assessed in the presence of dispersion with 

different lengths to overcome the 

problem[4]. 

 II. RELATED WORK: 

The transmitter sends input pulses in a 

simulation link, they propagate first through 

the SMF with a positive dispersion 

coefficient(i.e. negative chirp in nature)and 

DCF has a negative dispersion 

coefficient(i.e. positive chirp in nature). 

Because of the effect of self-phase 

modulation(SPM), the frequency chirp is 

positive regardless of the dispersion 

coefficient parameter and extends its 

spectrum. The rate of pulse expansion 

increases with negative dispersion 

coefficient parameter during fiber 

propagation and the rate of pulse expansion 

decreases with positive dispersion coefficient 

parameter during fiber propagation as the 

two chrip contribution cancels each other. 
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The following conditions to be satisfied for a 

perfect dispersion compensation, 

                    Dsmf Lsmf + Ddcf Ldcf = 0            (1) 

                    Ldcf = -( Dsmf / Ddcf) Lsmf          (2) 

 Dsmf, Ddcf  are the dispersion of single mode 

and dispersion compensating fiber. 

Lsmf, Ldcf  are the length of the single mode 

and dispersion compensating fiber[4]. 

DCF length should be as small  as possible 

for practical reasons. This is only possible if 

the DCF has a large Ddcf (fiber dispersion) 

negative value. High dispersion in a system 

causes problems such as power penalties and 

poor service quality. Users in the optical 

fiber system require more bandwidth and 

better dispersion limits bandwidth. In the 

design of a fiber system, the positive 

dispersion can be compensated by inserting a 

piece of fiber with a negative dispersion 

characteristic in order to almost zero the total 

dispersion of the link is shown in figure1. 

 

 

 

 

 

Fig-1: Mechanism of zero dispersion 

To compensate for dispersion in a narrow 

band frequency spectrum, DCF 

compensation actually requires a very high 

negative dispersion coefficient[5]. 

III.MODULATION SCHEME: 

The data transmission format is to be 

analysed while analyzing the performance of 

any optical communication system as it is 

directly related to the output of the system. 

Many coding techniques have been proposed 

earlier and in telecommunications and 

computer networks they have become 

standards. NRZ and RZ coding are the most 

common and simple coding technique[6]. 

The signal varies between the positive(+v 

voltage) and the negative(-v voltage) in the 

NRZ nad RZ coding. while logic 1is the 

positive value, logic 0 is the negative value. 

In yhe NRZ method alternation from logic 0 

to 1 and vice versa, however, the zero 

voltage level passes directly, while in the RZ 

method the transitions remain at zero voltage 

level for some more time[7].    

 

Fig.2: RZ and NRZ coding technique 

 But the NRZ and RZ are used in different 

ways in optical communication because there  

is no negative type of light present, NRZ 

signal means that a bit with a logical value 

1(a pulse of light known as photons) changes 

its value from light to no light or vice versa 

at the border line of the bit period. Contrary 

to this, RZ shows that the light pulse is 

thinner than in the bit period. NRZ requires 

one symbol transaction, while RZ requires 

two transitions is shown in figure 2. It 

implies directly that the bandwidth required 

for RZ is twice as large as NRZ[7]. In RZ, 

for a portion of the total period, pulse is 

made to the on state, but in NRZ the same is 

done for the whole period. 

IV.   SIMULATION MODEL: 

Optsim 5.1 simulation software is used to 

analyze the system’s physical 
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realization[10]. The simulation model 

consists of three main section as transmitter, 

an optical fiber channel and a receiver. 

A.Transmitter: 

The transmitter consists of a pseudo random 

bit sequence(PRBS), non return to 

zero(NRZ) coder that essentially converts the 

data into the electrical signal pulse stream. 

With the help of a carrier generated from the 

CW/VCSEL laser with 10 Gbps data rate, 

the sin
2
 amplitude modulator modulates the 

signal. 

B.Optical fiber (Channel): 

The fiber transmits the optical signal 

generated by the transmitter. Here the 

combination of smf and dcf with the correct 

variations in length is used. 

C.Receiver:  

The light signal is converted into an 

electrical signal by a photodiode. For a 

measurement optsim provide a visualization 

tool called scope with numerical data 

processing options, BER estimation and Q 

value. 

V. COMPARATIVE STUDY OF NRZ 

ANDRZ SCHEMES WITH DCF AND 

DIFFERENT LASERS: 

A. NRZ with DCF and different Optical 

sources:  

The optical transmission link with the 

CW(continuous wave) laser modulation 

scheme with NRZ is shown in fugure 3, and 

the VCSEL(vertical cavity semiconductor 

based laser)modulation scheme with NRZ is 

shown in figure 4. In order to overcome the 

effects in the transmission system, the 

combination of SMF and DCF was simulated 

with a proper variation in its length over the 

long distance. 

 

Fig.3: Optical fiber link with NRZ scheme with   

CW laser  

 

 Fig.4:Optical link with NRZ scheme with VCSEL 

laser  

B.RZ with DCF and different Optical                                              

Sources: 

The optical transmission link with the 

CW(continuous wave) laser modulation 

scheme with RZ is shown in figure 5, and the 

VCSEL(vertical cavity semiconductor based 

laser)modulation scheme with RZ is shown 

in figure 6.  

 

Fig.5:Optical link with RZ scheme with CW laser  
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Fig.6:Optical link with RZ scheme with VCSEL 

laser  

In order to overcome the effects in the 

transmission system, the combination of 

SMF and DCF was simulated with a 

proper variation in its length over the long 

distance. 

VI. METHODOLOGY: 

The use of OPTSIM simulator is to 

simulate the optical circuitary basically. 

Here is the schematic mode used. Using 

the Pseudo random sequence generator, 

the data bits are generated and then 

applied to the NRZ driver that gives 

pulsed electrical stream. The transmitter 

output  is transmitted by the fiber and 

received by the receiver with a pin 

photodiode that converts the optical signal 

into a electric signal. Hence the output is 

available at the visualization tool in the 

form of numerical data in terms of 

(BER),Q-value and jitter. From table 2 

and table 3, BER increases with 

decreasing q-value. From table 4 and table 

5,BER decreases with same q-value. 

 VII. SIMULATION RESULT: 

            TABLE 1.  SMF and DCF parameter 

PARAMETER       SMF DCF 

Fiber length 

(km)  

100-80 0-20  

 

Fiber dispersion 

D (ps/nm/km)   

17   

 

-95   

 

Effective core 

area Aeff  (µm2) 

80 20 

Dispersion slope 
(ps/nm2/km) 

0.08   

 

-0.1   

 

Nonlinear 

refractive 

indexn2 (×10-20) 

2.5   

 

 

2.5 

Attenuation α 
(dB/km)   

 

0.25   

 

0.55 

          

      TABLE 2: NRZ with CW laser source                                                          

Parameters             CW laser 

Fiber 

length 

Smf-90 

Dcf -10 

Smf-85 

Dcf -15 

Smf-80 

Dcf -20 

BER 3.18e-007 3.71e-007 5.25e-

007 

Eye opening 0.00509 0.00504 0.00503 

Jitter 0.0253ns 0.0253ns 0.0253ns 

Q-value 5.05 dB 5.01 dB 4.98 dB 

         

        TABLE 3: NRZ with VCSEL laser source                                                          

Parameters             VCSEL laser 

Fiber 

length 

Smf-90 

Dcf -10 

Smf-85 

Dcf -15 

Smf-80 

Dcf -20 

BER 2.09e-005 2.16e-005 3.42e-005 

Eye opening 0.00369 0.00378 0.0036 

Jitter 0.0258ns 0,0259ns 0.0259ns 

Q-value 4.26dB 4.19dB 4.11dB 

 

       
NRZ with CW laser for smf-90Km and dcf-10Km 
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NRZ with VCSEL for smf-90Km and dcf-10Km 

     NRZ with CW laser for smf-85Km and dcf-

15Km  

        
NRZ with VCSEL for smf-85Km and dcf-15Km 

  

      NRZ with CW laser for smf-80Km and dcf-

20Km  

 
       NRZ with VCSEL for smf-80Km and dcf-

20Km  

          TABLE 4: RZ with CW laser source                                                          

Parameters             CW laser 

Fiber 

length 

Smf-90 

Dcf -10 

Smf-85 

Dcf -15 

Smf-80 

Dcf -20 

BER 0.022e-007 0.03e-007 0.03e-

007 

Eye opening 4.2602 2.128 7.655 

Jitter 0.0227ns 0.0214ns 0.0229ns 

Q-value 6.021dB 6.021dB 6.021dB 

 
           TABLE 5: RZ with VCSEL laser source                                                          

Parameters             VCSEL laser 

Fiber length Smf-90 

Dcf -10 

Smf-85 

Dcf -15 

Smf-80 

Dcf -20 

BER 0.03e-007 0.02e-007 0.02e-

007 

Eye opening 0.00023 0.00030 0.00031 

Jitter 0.0194ns 0.0192ns 0.0192ns 

Q-value 6.021dB 6.021dB 6.021dB 

 

 
   RZ with CW laser for smf-90Km and dcf-10Km 
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     RZ with VCSEL  for smf-90Km and dcf-10Km  

 

     
RZ with CW laser for smf-85Km and dcf-15Km  

     
RZ with VCSEL  for smf-85Km and dcf-15Km  

      
RZ with CW laser for smf-80Km and dcf-20Km  

 
     RZ with VCSEL  for smf-80Km and dcf-20Km  

  

VIII. CONCLUSION: 
In this paper, the analysis is made on the 

performance of the SMF with NRZ and 

RZ modulation coding schemes with CW 

and VCSEL as a laser sources at a bit rate 

of 10Gbps using OPTSIM 5.1simulator. 

Based  on the analysis, single channel 

NRZ system with CW laser has higher bit 

error rate compared to VCSEL. But in RZ 

the VCSEL laser source has higher bit 

error rate when compared to CW laser. 

Hence better dispersion performance is 

obtained when choosing the smf length as 

90km and dcf length as 10km and the 

results are evaluated on the basics of q-

value, BER and eye opening. So I 

conclude that while using NRZ VCSEL 

laser is preferred and while using RZ CW 

Laser is preferred to use for long distance 

communication system. 
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