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Question 1:  

 

1.1.  
The rate equations are the two sets of differential equations that represent the time evolution of the 

laser that is single mode.  Both equations are to be solved simultaneously, where one represents the 

carrier number and the other represents the photon number.  

The first equation describes the Carrier time evolution  
  

  
 . The term 

 

 
 describes the carriers that 

are injected by the bias current per unit of time.  The ratio represents the number of charges per 

unit time divided by the elementary unit charge. A is the slope of the linear function of the carrier, 

N is the carrier number and    is the carrier number that is required, to have no attenuation and no 

amplification of the signal. P is the photon number and 
 

  
 is the carriers that recombine or get lost 

in the crystal and    is the lifetime of the carrier before it recombines.  

  

  
 is the photon time evolution and where 

 

  
  is the rate of photons lost by the transmission of the 

facets and by imperfections of the waveguide. β is the spontaneous emission coupled to the mode.  

1.2.  

The expression for the current threshold is obtained by considering the case where   
  

  
 , and 

spontaneous emission is neglected as more photons are generated by stimulated emission. It is 

assumed that the carrier number    is at transparency. The linear gain           .  

In steady state as there is no time variation, 
  

   
  . We use the second differential equation for 

  

   
 

to determine the value of the threshold current.  

       
 

  
  

 

  
 

             
 

  
  

 

  
 

Dividing both sides by P: 
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The  
 

   
  is cancelled out as it represents the spontaneous emission which is negligible.  

 

  
          

       
 

   
 

Now take the first differential equation where 
  

  
 = 0.  

   
 

 
           

 

  
 

 

 
 

 
  

 

  
           

Subbing the value of N into the first differential equation of the carrier number gives the following 

result: 
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Now, P can be written as where    is the threshold current:     
  

 
       

So, the threshold current    is given as follows:  
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1.3.  

Above the threshold the carrier number is clamped at    
 

   
 because the value of N is fixed and is 

independent of the bias current. Below the threshold, the value of the carrier number N increases 

along with the increasing bias current in a linear manner where 
  

  
   and the photon number P is 

negligible and   
    

 
 .  

 

Question 2:  

2.1.  
The rate equations are as follows:  

  

  
           

 

  
 

  

  
   

 

 
            

 

  
 

 

When the bias current is above the threshold current:  

       

       

       

The change in current I causes a change in photon number P and carrier number N. The spontaneous 

emission term 
  

  
 is neglected as it is in steady state and above threshold,  (    )  

 

  
 . 

Substituting them into the rate equations gives us the following: 
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The equations for perturbation are as follows where second order terms were neglected: 
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These equations can also be written as:  

     

  
   

    

 
 

    

  
     

 

  
      

     

  
       

In the form of matrices, the equations are:  
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Therefore, the matrix    (
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2.2.  

   (
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2.3. 
The elements of the matrix are invariant in the Fourier domain.  
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And also, 
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)     is the relaxation oscillation and 

 

  
 is the dumping coefficient. 
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Question 3: 

3.1.  
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3.2.  
Temperature = 00 C = 273 K 
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3.3. 
The SNR for the photodiode increases with decreasing temperature. 

 

3.4.  
The SNR for the photodiode decreases along with increasing temperature.  

Question 4:  

4.1. 

Internal Quantum Efficiency of an LED = 
   

      
 

Where    the radiative recombination and     is the non- radiative recombination time.  

           
   

      
  

       

                   
  

 

 
     

                         

        
 

 
         

Extraction Efficiency =                          [  (
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