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Abstract—By using a quantum kinetic equation for electrons 

interacting with an optical phonon, an analytic expression is obtained for 
the Ettingshausen coefficient (EC) in quantum wells with parabolic 

potential (QWPP) under the influence of laser radiation. The dependence 

of EC on frequency, amplitude of laser radiation, quantum wells 
parameters and temperature gradient is studied. 

The theoretical results are numerically calculated, plotted and discussed 

for GaAs/GaAsAl quantum well. Especially, when we study the 
dependence of EC on temperature, we realize that the EC in QWPP is 

102 times bigger than that in bulk semiconductors. 
 

 

We are now more and more interested in studying the 

behavior of low-dimensional semiconductor systems. The 

motion of particles is strictly limited along the 

coordinates with a very narrow area of less than a few 

hundred A
0
 and if the width is comparable with the 

wavelength Debroglie length of the particle, the energy 

spectrum and the wave function of the material will 

change. It leads to the appearance of size effects and 

alters most of the physical properties of materials [1]. As 

a result, the properties of low-dimensional systems such 

as: the Hall effect [2-4] absorption of electromagnetic 

waves, relative magnetoresistance, etc [5-9] are very 

different from the bulk semiconductors that the previous 

work studied [10-13]. The Ettingshausen effect which has 

just been researched in bulk semiconductors [14-17] is 

one of the electrical, magnetic and optical effects of 

semiconductor systems. It is a thermoelectric (or 

thermomagnetic) phenomenon that affects the electric 

current in a conductor when a magnetic field appears. 

Moreover, it has not been resolved in low-dimensional 

systems in general and in QWPP in particular. So, in this 

work, we use the quantum kinetic equation method that 

ensures high accuracy and high efficiency to get the EC in 

QWPP under the influence of laser radiation. We see 

some differences between the results obtained in this case 

and in the case of bulk semiconductors. Then, we estimate 

numerical values for the specific GaAs/GaAsAl quantum 

well to clarify our results. 

In this research, we put our system into a parabolic 

potential with a constant electromagnetic field 

1 1(0,0, )E E , (0, ,0)B B  and a laser 0( ) sinE t E t   
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(where 
0E  and   are the amplitude and frequency of 

laser radiation).  We establish the Hamiltonian of the 

electron optical phonon by using the wave function and 

energy spectrum of electron in a quantum well in the 

presence of laser radiation. Starting from the Hamiltonian 

and using the commutative relations of creation and 

annihilation operators, we obtain a quantum kinetic 

equation for electrons in QWPP. As a result, we have 

obtained the current density J  and the thermal flux 

density 
eq : 

      
0 0

1
, ,e FJ X d q X d

e

 

          (1) 

where: 

  
* ,

,

( ) ( )
x

x

x N xN k
N k

e
X k f k

m
      (with 

, xN k
f  being an 

unknown electron distribution function perturbed due to 

the external fields and ( ,0,0)x xk k  being the wave 

vector of an electron.  

Through some analytical calculation, we could achieve 

conductivity tensors to determine the EC: 
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here , , ,ik ik ik ik     are kinetic coefficients, LK  is the 

lattice heat conductivity. 
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Bk  is the Boltzmann constant, 
xL  and 

F  are the 

normalized length in the x direction and the Fermi level, 

respectively. 

The EC (2,3,4) exhibits also its dependence on external 

fields (i.e. electrical field intensity 
1E , the cyclotron 

frequencies 
c ), including laser radiation (i.e.  frequency 

  and amplitude 
0E  of laser), temperature and special 

parameters for QWPP (i.e.  quantum well length 
xL ) . In 

the next section, we will give numerical calculations 

carried out for a specific GaAs/GaAsAl Quantum Well to 

discuss the dependence more clearly. 

 

In this section, we present detailed numerical 

calculations of the EC in QWPP subjected to uniform 

crossed magnetic and electric fields under the influence of 

laser radiation .The parameters used in the calculations 

are as follows:  

0 050 , 10,9, 12,9, 0.067F meV m m         

(
0m is the mass of a free electron) and for the sake of 

simplicity: 0ω 36.25meV , 1210  . We only 

consider electron transition between the ground state and 

the lowest excited state, respectively: N=0, N=1, electron 

transition amongst other states is not considerable. 

Figure 1 describes the dependence of the EC on laser 

frequency with 
2 1 6 1 9

1 05.10 , 5.10 , 2.10 ,xE Vm E Vm L m    T=100K. 

 
Fig. 1. The dependence of EC on laser frequency. 

In Figure 1, we show the dependence of the EC on the 

frequency   of intense laser radiation.  

The electrons will absorb photons and lead to a change in 

the energy spectrum of a material that makes the EC 

change. From these figures, we can see that when the 

frequency of laser radiation increases, the EC increases. 
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Fig. 2. The dependence of EC on temperature. 

Figure 2 describes the dependence of the EC on 

temperature with 
2 1 6 1 16

1 05.10 , 5.10 , 9.10 (Hz),E Vm E Vm    

92.10 .xL m   

 

In Figure 2, the dependence of the EC on temperature is 

non-linear and decreases to zero when temperature 

increases. The directionality of an outside electromagnetic 

wave is less remarkable because an electron is more 

chaotic with great velocity when temperature is higher. 

The dependence of the EC on temperature under the 

influence of laser radiation which we obtained in QWPP 

is similar to the results published before in the case of 

bulk semiconductors. However, the value of the EC in 

QWPP obtained in this case is 210  times larger than the 

EC in bulk semiconductors [15]. 

 

Figure 3 describes the dependence of the EC on quantum 

well length with 
2 1 6 1

1 05.10 , 5.10 ,E Vm E Vm   T=100, 169.10 (Hz).  

 

 
Fig. 3. The dependence of the  EC on quantum well length. 

 

Figure 3 shows that the dependence of the EC on 

quantum well length is non-linear and decreases to zero 

when quantum well length increases. This result is 

completely consistent with the previously studied theory. 

It means that when quantum well length approaches 

infinity, it returns to the case of bulk semiconductors. The 

reason is that when the quantum well length increases, 

our material approaches to the bulk semiconductor 

structure. Therefore, the EC lessens quickly. 

In this paper, we analytically investigated the EC in 

QWPP in the presence of a magnetic field. The electron-

phonon interaction is taken into account at low 

temperatures, and for non-degenerated electron gas.  

   Basing on our new analytical expression of the EC in 

the quantum wells with parabolic potential and under the 

electron – optical phonon scattering mechanism, we 

realize that the EC depends on some elements such as: the 

parameters of quantum wells, amplitude and frequency of 

radiation, phonon frequency and temperature.   

We estimated numerical values and graph for a 

GaAs/GaAsAl quantum wells to see clearly the nonlinear 

dependence of the EC on laser radiation frequency. The 

more laser radiation frequency increases, the more the EC 

increases. However, the EC reduces immediately if 

temperature or quantum wells length increases. We 

concluded the results originated from reduced dimensions 

effects and the influence of laser radiation on the EC. 

Especially, when we studied the dependence of the EC on 

temperature, we realized that the EC in QWPP was 
210 times bigger than that in bulk semiconductors. This 

was the difference between the EC in QWPP and the EC 

in bulk semiconductors. 
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