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  :الخالصة
ليزرات أشباه  تم في هذا البحث دراسة تأثير نسبة إخماد النمط على ديناميكية  

بنيت شبكة اتصاالت .  السرعة العالية لالتصاالت الضوئيةإرسالخاصة في ، الموصالت

القيمة . Gbps 10وتحميل ليزر شبه موصل عند ، km 50ضوئية عند ليف ضوئي بطول 

. ليكون ليزر أحادي النمط،  او اكثرdB 20 الليزر كانت عند المثلى إلخماد النمط لنبيطة

عرض خط ، فوضى الشدة النسبية، أخذت هذه الدراسة بنظر االعتبار عدد األنماط الطولية

 تتأثر بنسبة اإلرسالأوضحت النتائج ان عامل النوعية ونسبة خطأ .  والزحزحةرطيف الليز

انحدارا كبيرا في الطاقة ) dB/Hz 100-(ند وكان لضوضاء الشدة النسبية ع. إخماد النمط

وقد لوحظ تشويها لالنماط البينية في نظام . المستلمة وتقلبات أكثر في طيف خرج قدرة الليزر

  .المخطط الضوئي عندما أخذت الزحزحة  بنظر االعتبار

 
Abstract: 

The influence of mode suppression ratio on the dynamics of 
semiconductor laser will be investigated in this paper, especially in a high 
bit rate optical communication. An optical communication network of 
fiber length of 50 km was established, with semiconductor laser 
modulated at 10(Gbps). Mode suppression ratio of more than 20 dB was 
an optimum value for a laser diode to be considered as a single mode 
laser. We have taken into account in this study the following factors 
namely; the number of longitudinal modes, the relative intensity noise, 
laser mode linewidth, and chirping. The result showed that, the quality 
factor and bit error rates were affected by the mode suppression ratio. 
Relative intensity noise of (-100 dB/Hz) had an extreme drop in the 
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received power and more fluctuations were found in the power output 
spectra. Intramodal distortion was observed in the optical layout system 
when chirping was considered in the laser characteristic. 
 
1- Introduction: 

Optical communication network usually works with laser diode as a 
transmitter in the wavelength 1550 nm where the fiber loss is in its 
minimum. Laser diode spectral linewidth will play an important role in its 
characteristics by bandwidth and bit rate[1]. Laser phase noise and 
relative intensity noise are restricting the bit rate and BER (bit error 
rate)[2]. Phase stability of laser diode and its influence on linewidth had 
been pointed out by Gliese et.al and a stable requirement for coherent 
optical beam characteristics of the laser diode[3]. Spectral purity of a very 
narrow linewidth laser transmitter allows the phase modulation of data 
signals had bit rate as low as a 155 Mb/s, which alleviates the need for 
digital signal processing in the detection circuit[4]. Laser diode injection 
current is another noise component and the tuning mechanism for direct 
modulation will convert this drive current noise as an additional 
frequency fluctuations “frequency jitter” components, so all noise 
components mentioned will contribute to the measured linewidth[5]. 
Mode-beating exhibits a narrow linewidth below 100 kHz, and low jitter 
components with high frequency correlation between these modes [6]. 

It has shown that amplified spontaneous emission can affect laser 
diode linewidth and relative intensity noise (RIN), and the enhancement 
linewidth factor [7]. Recently, it has been shown that for long haul optical 
communication system, single mode laser diode is the most cost effective 
transmitter due to the limited chromatic dispersion and polarization mode 
dispersion [8]. On the other hand, side mode rejection ratio (MSR) has 
influence on the coherency of laser diode [9]. 
 
2- Theory:  

In semiconductor lasers, the linewidth enhancement factor ( ) plays 
a great role in deterring its spectral linewidth. This factor can be defined 
as [9]: 

                                                                  (1) 

Where  is the complex electric susceptibility,  is the refractrive 
index, n is the carrier density,  is the gain,  is the angular frequency of 
the laser, and c is the speed of light. 

The spectral linewidth is given, taking into account the  parameter, 
as [9]: 

                                                                   (2) 
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with  is the spontaneous emission factor that emitted with laser 
output contributing as a noise in the laser output, and  is the photon 
number. 

When the laser diode is directly modulated with angular frequency , 
a rich harmonics and relative intensity noise were observed. This 
modulation power spectrum has a resonance peak around the realxation 
oscillation . The influence of both  and  on the power spectrum 
of the phase noise can be seen from the following equation for the phase 
noise[ 9 ]: 

(3) 
 

Knowing that  is the damping factor of  the relaxation oscillations [9]. 
Hence, modulation characteristics of the laser diode is affected by 

many factors, such as spectral linewidth ∆ν,the spontaneous emission 
factor  and the linewidth enhancement factor . 

The modulation characteristics of any laser diode is also affected by 
the number of longitudinal modes and the side-mode suppression ratio 
(SMSR) [10]. The optical field of the laser output, taking into account 
these effects, can be written as [11]: 

                        (4) 
where P is the laser output power, s is the supression  ratio, and  is 

defined as the separation parametetr. 
If the parameter independent side mode is enabled, the average signal 

power will be greater than P, since it includes the contribution from the 
side mode.If this parameter is disabled, the output power will be  P. This 
means that, the signal will be scaled in order to give the same average 
power. The signal phase and polarization is calculated in the same way as 
the CW laser. 

The model can also works as a Fabry-Perot laser; in this case, the 
parameter number of side modes defines the number of modes of the 
laser. The normalized power for each mode is calculated based on the 
power of the central mode and the power of  the first side mode [12], 
according to: 

                                                        (5) 

Where  m is the  number of  side modes,η1  is the index of each side 
mode pair, and   is calculated from the power (number of photons) of 
the first side mode: 

                                                          (6) 
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When RٌIN  is enable, the model generates noise with bandwidth and 
spacing that you define. The parameter RIN is the ratio of the mean-
square optical intensity noise to the square of the average power [12][13]: 

                                                                (7) 

Where  is the mean-square optical intensity fluctuation at a 
specific frequency and  is the measured power. These models 
estimates  based on the parameters RIN and measured power.  

The signal phase and polarization is calculated in the same way as the 
CW laser, where the laser phase noise is modeled using a Gaussian 
random variable for the phase difference between two successive time 
instants with zero mean and a variance equal to  , where   is the 
laser Linewidth. 

Chirping occurs when the carrier density in the active region is rapidly 
changed, causing a shift of the index of refraction with time. This 
modifies the frequency of the output light (the term “chirp” refers to a 
linear change in frequency over time) and affects dispersion and other 
link noise sources [14]. Chirping is most often observed in pulsed 
sources. The chirping effect on the transmitted power through the optical 
fiber will be considered implicitly in the optical network layout. The 
chirp to the power ratio can be described in the following equation [15]: 

 

                                                                          (8) 
 

Where Rp  is the modulation response of the laser diode with respect to 
the modulation frequency, and    represents the change in the phase of 

laser cavity due to chirping. 
  
3- Optical Communication Layout: 

The optical network that has been proposed in this work will be using 
the state-of-the-art of high bit rate (10 GHz) laser diode as a transmitter. 
Fig. (1) shows the proposed network layout. The bit sequence was 
generated from a pseudo-random unit and connected to non-return-to-
zero (NRZ) pulse generator. The laser diode unit had been selected from 
the menu of the computer aided design package (Optisystem 7.0) with 
rate equations characteristics that can be varied through the simulations.  
Laser diode rate equations have many parameters that must be given in 
order to simulate the layout, including carrier and photon lifetimes, bias 
current & modulation currents, and wavelength, as given by Table (1). 

The table represents the values of the laser parameters that have been 
used through the simulation. The single mode laser or multimode laser 
can be characterized by defining the number of modes, side mode 
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rejection ratio and laser linewidth. The single mode laser in the 
simulation had a linewidth of 10 MHz with no side mode. While the 
multimode laser had a linewidth of 100 MHz and (6) side modes.   

The optical fiber parameters are given in Table (2). These parameter 
values will be used in the simulation for the optical network layout. 

 
Table (1): Laser Diode Parameters and their Values 

Name of Parameter Value Units 

Laser wavelength 1.552 µm 

Laser power output 2  mW 

Number of Side mode 6  

Relative intensity noise -130 dB/Hz 

Threshold current 20 mA 

Slope efficiency 0.6 W/A 

Linewidth variable  

Mode suppression ratio variable  

 
Table (2): Optical Fiber Parameters and their Values at Laser Wavelength 

1.552 µm. Fiber Length was Taken as 50 km as a Moderate Length for  
Short and Long Haul Distance for Optical Communication Network. 

Name of parameter Value Units 

Length 50 km 

Attenuation 0.2 dB/km 

Dispersion 8 ps/nm/km 

Effective area 80 µm2 

Differential group delay 0.2 ps/km 
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 Fig. (1): Optical communication layout 
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4- Results and discussion: 
In order to study the effect of number of modes on the laser 

spectrum, Fig. (2a&b) shows the spectra of the laser diode for single and 
multimode laser. Fig. (2a) shows the spectrum of single mode laser with 
linewidth of 10 MHz and power output 15 mW. From the figure, we can 
see that the laser is completely a single mode, and with side mode 
rejection ratio is more than (13.3 dB). On the other hand, when the mode 
suppression ratio is low, such as (4.9 dB), a multimode spectrum will be 
observed, as shown in Fig. (2b). 

 
 
 
 
 
 
 
 
 
 
 
 
   

  

As a matter of fact, the power in the main mode should be as large as 
ten times more than the power of the nearest mode [11]. This will be used 
throughout the simulation in order to fulfill this requirement.   

Fig. (3a&b) illustrates the influence of launching such a spectrum 
(single mode & multimode) with a fiber length (50 km). Due to the fiber 
effects, single mode laser spectrum (Fig. (3a)) had decreased in its power 
output. While the decrease in the power output of the multimode 
spectrum of the laser diode emerging from the fiber had a decrease in the 
main mode and the side modes as well, as shown in Fig. (3b), which 
gives less coherency and less side mode rejection ratio. 

 

 Fig. (3a&b) The influence of launching a spectrum (a) single 

Fig. (2a&b): Spectrum of the laser diode (a) single mode (b) multi mode. 

 
a  b  
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The influence of mode suppression ratio (MSR) on the quality factor 
(Q.F) and   Bit Error Rate (BER) of the optical network will be discussed. 
The quality factor was zero at MSR equal to 5dB, and Q.F was increased 
to 5.5 at MSR of 25 dB. The BER at MSR of 25 dB became (1.6x10-8). 
These values were obtained when the eye diagram of the receiving signal 
from the photodiode was analyzed, so eye diagram analysis will be 
discussed. 

Usually any optical network analyzed its performance through the 
study of eye diagram. Eye diagram of a single mode laser diode is shown 
in Fig. (4a) while the eye diagram of the multimode laser diode   is shown 
in Fig. (4b). 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 

 
As can be seen from Fig. (4a), the bits can be recognized at a bit rate 

of 10 GHz with high  amplitude and low BER. This diagram show a 
pronounced peaks for the receiving signal. Fig. (4b) shows the eye 
diagram for the multi mode laser with a high BER, low amplitude and  
overlapping between the peaks that will indicate a very low performance 
for the network. 

The idea of single and multimode laser diode as a transmitter of 10 
Gbps data rate and its effects on the optical communication network for 
different fiber length will be presented. Fig. (5) shows the attenuation in 
the power output as a function of fiber length for both single mode and 
multimode laser. As can be seen from the figure that the power of the 
receiving signal is more decreased in multimode than single mode. 

 
a   b

Fig. (4a&b): Eye diagram of a (a) single mode laser diode (b) multimode laser diode. 
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Fig. (5): Single and multimode laser diode as a transmitter and its effects on the 

optical communication network. 
 

This study will consider the effect of the relative intensity noise 
(RIN) on the proposed optical network. The influence of the RIN is on 
the normalized power output when launched through a fiber length of 50 
km as shown in Fig.(6) for two values of (RIN=-130&-100 dB/Hz). The 
extreme drop of the power was observed when the RIN was equal to -100 
dB more than when RIN was =-130 dB/Hz. This can be explained         
(with the aid of Eq. (7)) due to the more fluctuation in the power of the 
laser diode when RIN was increased. 

 

  

dB/Hz 

dB/Hz 

Fig. (6): The normalized power output as a function of number of modes for 
two different values of RIN. The MSR=2 dB, laser linewidth =20 MHz and 

fiber length=50 km. 
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Chirping effect on the proposed optical network had been taken into 
account, as a parametric value in the laser diode characteristic when 
externally direct modulated. This effect can be observed on the 
normalized power output as a function of number of modes as shown in 
Fig. (7). The influence of chirping on the power output is fluctuating at 
different mode number. This effect has been recognized as a partition 
noise or mode partition noise. In an optical communication link, mode 
partition noise is a phase jitter of the signal caused by the combined 
effects of mode hopping in the optical source and intramodal distortion in 
the fiber. 

 

 
Fig.(7): The normalized power output as a function of number of mode with 
chirping, at modulation frequency 10 GHz, 50 Km fiber length , MSR=2 dB, 

RIN=-130 dB/Hz, and laser linewidth =20 MHz. 
 

To summarize the results as a comparison between the performance 
of single mode laser and multimode laser in our proposal of optical 
communication layout, Table (3) summarize these results. As one can 
conclude that, for 50 km network, multimode laser showed a poor 
performance. This suggests that multimode laser is no longer fit for more 
than (10-20 km) fiber length. 

 
Table (3): Comparison between single mode and multimode laser performance 

Parameter Single Mode Multimode 
MSR ≥20 dB ≤5 dB 
RIN -130 dB/Hz -100 dB/Hz 
BER 1.6x10-8 10-2 
Q.F. 5.5 0 
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In order to show how multimode laser can signifies the nearest side 
mode to the dominant mode compared to single mode laser, we had 
solved Eqn. (5) numerically as shown in Fig. (8). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. (8): Power of the side mode as a function of number of side mode for both 
single and multimode laser. 

 
 

As can be seen from the figure, the power of the side mode for 
multimode laser increase linearly and sharply while for single mode laser 
the power of side mode increases very small with the number of modes.     
 
5- Conclusions: 

We can conclude from this study that optical network operation 
condition is mainly affected by the laser diode characteristics. The most 
effective parameter on the launched power of the transmitted signal is the 
number of modes in the output spectrum in the laser diode. The 
associated effects in addition to that are the MSR, RIN, and the chirp. 
These mentioned effects were studied through the normalized power 
output as a function of number of modes. High drop in power output will 
degrade   signal to noise ratio and can be observed thoroughly in the eye 
diagram of the received signal. RIN value of (-130 dB/Hz) showed better 
performance than (-100 dB/Hz), making an attainable power in the fiber 
link. When chirping was taking into account a mode partition noise was 
observed degrading the signal to noise ratio. Generally speaking, laser 
diode parameters must be considered in order to make a liable optical 
network like using a DFB laser.   
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