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  الخلاصة

ًشتت الــنمط الاســتقطابي دورا كبیــرا تــ        یــؤثر  ت معــدلا فــي أنظمــة الاتــصالات الــضوئیة عنــدً
                                                              شكل تفــصیلي باســتخدام البرنــامجبــ و فــي هــذا البحــثً نظریــاتــم دراســة هــذا العامــل, الإرســال العــالي

(OptiSystem7.0) .لتـــــــشتت الـــــــنمط الرئیـــــــسیةوالممیـــــــزات الهامـــــــة  المحاكـــــــاة بعـــــــض وبینـــــــت 
 متوســط ,معامــل تــشتت نمــط الاســتقطاب(علــى ســبیل المثــال و, المتعلقــة بهــذا العامــل طابيالاســتق

والقــیم المثلــى التــي تــم الحــصول علیهــا للمعــاملات المــذكورة  ).مقطــع التفــرق تــشتت ,مقطــع التــشتت
مقطـــع  تـــشتت, 150= قطــع التـــشتتمتوســـط م ,2= معامـــل تــشتت نمـــط الاســـتقطاب :ًســابقا كانـــت

   .110= التفرق
 والــذي,  عنــد معــدل الإرســال العــالي(PMD) تكمــن أهمیــة هــذه الدراســة لبیــان تــأثیر العامــل       

  .له فائدة كبیرة عند تصمیم منظومة اتصالات ضوئیة یكون یمكن أن
 

Abstract 
         Polarization Mode Dispersion (PMD) plays a great role in high bit 
rate optical communication systems. This factor had been studied 
thoroughly in this article of optical layout simulation by (OptiSystem7.0). 
This simulation had revealed some interesting features of (PMD) relating 
its major parameters, i.e, (PMD coefficient(DPMD)), mean scattering 
section, and scattering section dispersion). An optimum values have 
found for the mentioned parameters were: DPMD= 2, mean scattering 
section=150, scattering section dispersion=110. 
The opportunity to study the influence of PMD on high bit rate network 
can be of a substantial benefits to engineer the optical communication 
network. 
   
1. Introduction 
        Polarization Mode Dispersion (PMD) is a major effect that has been 
encountered in the coherent optical communication and at high bit rate. 
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This effect had been under high intensive efforts of scientists to solve this 
problem. In its simplest manifestation, (PMD) splits pulse between the 
fast and the slow axis in an optical fiber, at the same time. Higher orders 
of PMD induce depolarization and polarization-dependent chromatic 
dispersion (PCD) [1]. The (PMD) results from the variation in the 
refractive index and existence of the birefringence of the fiber with 
respect to the polarization of the light signal [2]. As result the polarization 
of the light in a waveguide travel at different speeds causing random 
spreading of optical pulses. This difficulty is ultimately limits the rate at 
which data can be transmitted over a fiber. In a realistic fiber, however, 
there are random imperfections that break the circular symmetry, causing 
the two polarizations to propagate with different speeds. In this case, the 
two orthogonal polarization components of a signal will slowly separate, 
e.g. causing pulses to spread and overlap. Because the imperfections are 
random, the pulse spreading effects correspond to a random walk [3]. The 
resulting difference in propagation times between the two polarization 
modes is known as differential group delay (DGD). Spinning the fiber 
during the drawing process reduces the differential group delay and hence 
the polarization mode dispersion [4], and thus have a mean polarization-
dependent time-differential (also called the differential group delay or 
DGD) [3]. This fiber property is responsible for pulse broadening and, 
thus, a signal degradation, which can be assessed by the “effective pulse 
broadening” for single pulses or the “eye-opening penalty (EOP)”which 
is factor is defined as high quality factor (QF) and less bit error rate 
(BER), with regard to pulse sequences [5]. The bit error rate  itself is 
insufficient for characterizing system performance. Adequate 
characterization requires introducing the probability distribution function 
(PDF) of the (BER) obtained by averaging over many realizations of 
birefringent disorder. Theoretical analysis showed that this PDF has an 
extended tail indicating the importance of anomalously large values of 
(BER) [6]. 
        In this article, numerical investigated had been carried and for the 
effects of PMD on an optical communication layout, taking into account 
the fiber length, bit rate, and laser diode characteristics. (PMD) with its 
influence on the layout was studied in terms of (BER), quality factor 
(QF), gain, and signal power output. 
 
2. Theoretical Modeling Dispersion (PMD) in the Field 
         Competitive market pressures demand that service providers 
continuously upgrade and maintain their network’s to ensure they are able 
to deliver higher speed, higher quality applications and services to the 
customers. This requires verifying and ensuring that the network’s fiber 
infrastructure and equipment can meet exacting performance standards 
and operate reliably [7]. 
         Polarization Mode Dispersion (PMD) testing is becoming essential 
in the fiber characterization process, but still one of the most difficult 
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parameter to test, due to its sensitivity to a number of environmental 
constraints[7]. 
The intensity of  laser is Gaussian  shape as function and given by [8]: 

2

o 2

2 rI ( r ,z ) = I e x p ( - ). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ( 1 )
ow

 
Where: (r) is the radial distance from the center axis of the beam, (wo) is 
the waist beam at 2

o

I 1( = )
I e

, (z) is the axial distance.         
         When a short pulse is launched through the fiber, a time delay   with 
respect to the polarization mode delay will exist, and with its RMS width 
of the pulse (  ) given by [9]:  

(2)..........................................))
h
2z(exp1

h
2z(

2

2h2ξ2τ)(   

is one half of the difference of the group delays per unit length between 
the fast and slow axes of the fiber,() is a parameter that depends on its 
boundary condition, (h) is the mean coupling length. 
In the limit z>> h (high polarization mode coupling) with the laser pulse 
close to Gaussian, Equation (2) becomes [9]:  

)3(............................................................zhξ)( 22   
The PMD coefficient parameter in the optical fiber (DPMD) component is 
given [9]:   

.......(4)..................................................hξ2)PMD(D   
where DPMD is the (PMD) parameter of the fiber, typically measured in 
ps/ km , a measure of the strength and frequency of the imperfections. 
Given the (PMD) parameter, the average (DGD) of a fiber of length L is 
given by [2]: 

  
......(5)..................................................LPMDDDGD  

the Bit Error Rate (BER) of transmitted data is given by [10]: 
1 QFBER= erfc( )..........................................................(6)
2 2

 

 
3. Network layout 
        To show the effect of PMD on characteristics of optical 
communication system, had been built this layout by using 
(OptiSystem7). The pulse generator consists of bit sequence source to 
generate binary signals (0,1) and a Return to Zero (RZ) pulse generator. 
The laser diode was directly modulated and optical fiber to transmit the 
signal and photodetector (PIN) serving as a receiver which is connected 
with eye diagram analyzer to show the effects of (PMD) on the eye 
diagram and optical spectrum analyzer  and dual port WDM analyzer. 
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4. Results and discussion 
        The parameters that had been taken as optimum values in the  optical 
communication system are show in Table (I) as: 

 
Table (I): Main parameters of the optical communication system.  

 
 
 
 
 
 
 
 
 
         

As can be noticed from the table, the laser wavelength was adjusted 
in the minimum region of losses in the silica based fiber. The power of 
the laser diode was maintained at 5 mW when the spectrum was observed 
with low linewidth and single longitudinal mode. Fiber was taken as 30 
km in order to operate without the need of optical amplifiers for these 
parameters. High bit rate of 10Gbit/s for the transmission to be used in 
order to observe the effect of (PMD). 

Parameter Value 
Laser wavelength 1552.52 nm 

Laser power 5mW 
Length of fiber 30 km 

mean scattering section 450m 
scattering section dispersion 80m 

PMD coefficient 10ps/sqrt(km) 
Bit Rate 10Gbit/s 

 

Figure (1): optical communication system to show effect of PMD  
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         The quality of the eye diagram is related to severity of (PMD) 
effects, the eye opening and quality of the eye diagram decrease as 
(PMD) value and the bit-rate were increased. As it can be seen from the 
eye diagrams, with the same value of (PMD), but especially for low value 
of (DGD), it can be seen that the compensated signal perform an 
overcompensation that cause a distortion of the eye diagram[6]. 
         We change the (PMD) coefficient to a value 7 ps/sqrt(km) and 
another value is shown in Table (I). 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

(b) (a) 
Figure (2): power output with PMD coefficient 10 ps/sqrt(km) 

(a)  optical spectrum                           (b) eye Pattern 

Figure (3): power output with PMD coefficient 7 ps/sqrt(km) 
(a)  optical spectrum                     (b) eye Pattern 

(b)  (a) 
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        we note that the increase of number of modes and will decrease the 
eye opining (decrease the QF and increase of BER) with decrease of 
PMD coefficient. as results in pulse broadening and distortion thereby 
leading to system performance degradation. 
         By changing the mean scattering section inside the optical 
communication system to value (200 m) and another value its shown in 
table (I), and the result is show in figure (4). many longitudinal  modes 
had been observed due to the effects of increasing the scattering inside 
the optical fiber and due the effects of higher PMD 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       
 Figure (4): The effect of decreasing the mean scattering section =200 m on 

 (a) transmitted optical spectrum      (b) received Optical spectrum      (c) eye Pattern 

(c) 

(b) (a) 
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The eye diagram of the received signal before compensation and after 
compensation shows a significant reduction in the degradation caused by 
PMD. Fig 4(a), and 4(b) show the eye diagram of the transmitted signal, 
received signal and compensated signal respectively [7].  
         In order to obtain an optimization values of (PMD) parameter such 
as: DPMD, mean scattering section, and scattering section dispersion. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
         As can be noticed from the figure (6), (7), (8), we can say that (QF) 
is at optimum value when (BER) is in maximum value, this curtly the true 
of results according with equation (6). 
         And from the figure (6) we can say that to decrease the effect of 
(PMD) on optical communication system the best of the (PMD) 
coefficient is be 2 ps/sqrt(km) to given the best perform (optimum value) 
for its system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (5): the relation between (QF, BER) and PMD coefficient  

Figure (6): the relation between (QF, BER) and mean scattering section   
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         And from the figure (6) we can say that to decrease the effect of 
(PMD) on optical communication system the best of the mean scattering 
section is be (150 m) to given the best perform (optimum value) for its 
system.  
 
 
 
 
 
 
 
 
 
 
 
 
          
 
 
 
 
 
 
 
 
 

 

         And from the figure (7) in order to decrease the effect of (PMD) on 
optical communication system the best of the scattering section 
dispersion  is be (110 m) to given the best perform(optimum value) for its 
system. 

 
Table (II) The optimization values for PMD 

 
The fitting equation of the plotted data is:  =2.( )+2.7e-5 with slope of 
(2). 

Parameter Value Unit 

PMD coefficient 2 ps/sqrt(km) 

mean scattering section 150 meter 

scattering section dispersion 110 meter 

Figure (7): the relation between (QF, BER) and scattering section dispersion 
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According the condition  z>> h, we plot () versus () by using equation 
(3) that will be true if ( 


1) and the equation (3) should be linear as 

can be seen from figure (8) 
 
 
 
5. Conclusion 
         Polarization mode dispersion (PMD) plays important role in high bit 
rate, coherent long haul optical fiber communication system. This study 
has revealed some important characteristics about the parameters of 
(PMD). 
         The results show that in order to minimize its influence, (PMD) 
parameters should be as given in Table (II). This table gives optimum 
values for (PMD).We can conclude that this theoretical study insight the 
major effects of PMD on quality factor(QF) and bit error rate (BER). 
 

Figure (8): The relation between (, )   


 ( 

ps
)

  
  

( ps/ km)  
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