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Abstract 

Simulation of the quantum well semiconductor lasers are 

usually done based on the abrupt variations in the 

neighbouring materials. Practically, it is not possible to 

construct such quantum wells because the material mole 

fraction of compound semiconductors cannot change 

abruptly. In this paper, a quantum well semiconductor 

laser with a Gaussian-well shape is used to simulate this 

effect. It is found that for In0.72Ga0.28As0.6P0.4 lasers, 

application of this assumption causes about six-percent 

decrement in the output wavelength of the laser. 

Keywords: Quantum well semiconductor laser, 

Schrödinger equation, numerical simulation. 

 
Introduction 

  Quantum-well (QW) structures are made by epitaxial 

growth of different and lattice-matched materials with 

various thicknesses. These engineered structures, can be 

used to have some special electrical and optical 

characteristics. Based on the required accuracy and the 

related application, they are simulated by different 

methods such as using the Airy functions [1], finite 

difference [2], finite element [3] and transfer matrix 

method [4]-[6]. In these methods, two factors must be 

found: the eigen-values or energies and the eigen-vectors 

which are the wave functions. To find the mentioned 

parameters, the Schrödinger equation is solved and the 

undefined coefficients are achieved by using the boundary 

conditions [4].  

In practice, the interface of two adjacent materials is not 

a step. This is because of the gradual variations in mole-

fraction of different elements.  

In this paper, a QW structure with non-abrupt change 

for two neighbouring materials in the In0.72Ga0.28As0.6P0.4 

QW semiconductor laser is considered.  

A potential function in the form of a super-Gaussian 

distribution is used to show this effect. With a super 

Gaussian potential, it is possible to impose the boundary 

conditions and find the eigen-energies for this structure.  

 

Theory 

In a single QW structure the one-dimensional eigen- (or 

Schrödinger-) equation for finding the energy levels is: 

   xEuxu EE ̂  (1) 

 

Where ̂ is the system Hamiltonian in the form of: 
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V(x) is the potential distribution and m is the particle 

mass. 

 Based on the definition of potential energy, this eigen-

equation has different eigen-values. In usual calculations 

it is assumed that there is an abrupt potential change 

between input and output of the QW. But it is not true 

because at the interface between the different materials 

there is a medium which is not the active layer or the 

cladding layer. So, if the form of the potential distribution 

is considered as a Gaussian shape, this effect can be 

considered. 
Application of a super-Gaussian potential in (1) and using 

an iterative method can help to find the eigen-energies for 

the structure. 

 Our initial estimate was based on the typical energies in 

a single square-shape well. This prediction is corrected by 

solving (1) with the assumption of zero wave for long 

lengths.  

In any step, the eigen-equation is solved by the forth-order 

Range-Kutta method. The super-Gaussian potential in a 

single QW of width a, is assumed to be: 
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Numerical Results 

Infinite QW 

At first, Range-Kutta method is applied to a single infinite 

QW with a=


A2 and the first six energies is found. 

Furthermore, there is an analytical method to find the 

eigen-energies. The obtained energies from two methods 

are compared in Table 1. 

Finite Step-like QW 

At the second step, a finite single QW with 


Aa 2 and  

V0 =6eV is assumed. After solution of the Schrödinger  
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equation in three different layers and imposing the 

boundary conditions, the possible energies can be found 

form a transcendental equation.  

The first three energies are calculated by the proposed 

numerical method and compared with the analytical 

results, in Table 2. 

 
Table 1. Approximate and exact values of eigen-energies 

for a single infinite QW with a=0.2nm 
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Table 2. Approximate and exact values of  eigen-energies 

for a single finite QW with a=0.6nm and V0=6eV 
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 0.6480356206
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0.6482050260
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Finite non-step-like QW 

In this step, to study the effects of well sharpness on the 

energies, a potential structure with the super-Gaussian 

form is assumed, as defined in (3). This potential is 

Gaussian for m=1 and is step-like for large m; for example 

m=1000.  

Figure. 1 shows the potential variations in a single QW 

with a finite barrier. This finite single QW of a= 


A6  and 

V0 =6e is assumed.   
    The eigen-energies of super-Gaussian (Gaussian) 

potential by using proposed iterative method are 

computed and the results are reported in Table 3. As 

shown in this table, there is an increment in the eigen- 

 

 

energies of structure having Gaussian potential (real 

structures) than super-Gaussian. 
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 Fig. 1 Potential variations in single QW 

 

 
Table 3. Values of  eigen-energies for a single finite QW 

with a=0.6nm and V0=6eV 
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The probability distribution function of three first modes 

of the Gaussian and super-Gaussian potentials are 

plotted in Fig. 2. 

 

Application in Semiconductor Lasers  

The effect of non-step-like QW structure is studied in a 

single QW In0.72Ga0.28As0.6P0.4 semiconductor laser. In 

this laser, there is a barrier difference of about 1.18eV for 

a well width of


A6 . The output wavelength of the emitted 

light for step-like (super-Gaussian) configuration is 

calculated and compared with the case of a Gaussian 

potential. 

 It is found that there is an about 63nm blue shift in the 

output emitted wavelength with this approximation. This 

is due to the shifting of the eigen-energies toward the 

higher energies reported in Table III. 

 

Conclusions 
In a real structure the shape of the quantum wells is not 

abrupt and can be considered as a Gaussian distribution. 
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In this article, the eigen-energies of a non-Step (Gaussian) 

single quantum well semiconductor laser are calculated.  

Application of Gaussian distribution to the semiconductor 

structure concludes that there is a blue shift in the output 

wavelength of the emitted light (in real structures) than 

analytical results. 
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 Figure. 2 Probability distribution function for a) first,  

b) second and c) third mode in single QW 
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