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Abstract: The Transverse Hall effect (THE) has been theoretical studied in a quantum well (QW) 

with high infinite potential subjected to a crossed dc electric field and a magnetic field (MF) which 

is oriented perpendicularly to the confinement direction in the present of an intense 

electromagnetic wave (EMW). The analytical expression of the transverse hall coefficient (THC) 

which depends not only on the parameters of the system but especially on the quantum number m 

characterizing confined phonons, is obtained by using the quantum kinetic equation method for 

confined electrons - confined optical phonons interaction. The analytic expression of THC is 

numerically evaluated, plotted and discussed for a specific case of the AlAs/GaAs/AlAs QW. 

Results show the THC depends strong nonlinearly on the EMW amplitude and the MF. All results 

are compared with that in case of unconfined phonons to see differences. 
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1. Introduction

  

In recent years, the low-dimensional system (LDS) is the great interest in researches because of 

these unusual behaviors. This due to that the motion of both electrons and phonon are restricted and 

their energy levels become discrete [1-2]. The strong effect of electron and phonon confinement 

enhanced the nonlinear kinetic properties of LDS have been investigated. For example, the influence 

of confined electrons and confined phonons on the nonlinear absorption coefficient of EMW [3], the 

parametric interactions and transformations of excitations [4] and the Acoustoelectric effect [5] have 

been studied by using the quantum equation method. 

The Hall effect is the production of a voltage difference (the Hall voltage) across an electrical 

conductor, transverse to an electric current in the conductor and a magnetic field perpendicular to the 

current. The Hall effect has been studied extensively both in experiment [6-9] and theoretical in LDS 

with case of unconfined phonons [10-12]. In this work, we study the THE under the impact of 

confined optical phonons in the QW. It is considered that an infinite potential QW subjected to a 
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crossed dc electric field and a MF  which is oriented perpendicularly to the confinement direction in 

the present of an intense EMW  a laser radiation .  We achieve analytical expressions 

for the Transverse Hall Conductivity Tensor (THCT) and the THC in the next section. Numerical 

results and discussions are given in Sec.3. Finally, Sec.4 shows remarks and conclusions.  

2. The transverse hall effect in an infinite potential quantum well under the influence of confined 

optical phonons  

We consider an infinite potential QW structure subjected to a crossed dc electric field , 

a MF and a laser radiation applied along the z direction with the electric field vector 

. Under the impact of these external fields and the material confined potential, the 

motion of carriers is restricted, thus the electron wave function and its discrete energy are now 

modified [13]:  

                                                                                (1) 

                                                                          (2)  

where N is the Landau level index; is the Planck constant; m*
 is the effective mass of an electron; 

kx being the wave vector of the electron along the x axis; ωc = eB/m
*
  is the cyclotron frequency; 

H
N
z( )  is Hermite polynomials. When the phonons are confined, the wave vector of phonon and its 

frequency are quantized [14, 15]:  

;                                       (3) 

 where ν is velocity parameter and m being the quantum number characterizing the phonon 

confinement. The confined electron - confined optical phonon interaction constant : 

                                                      (4) 
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where εo is the electric constant; V
o is the normalization volume of specimen; χ

o and χ∞ are the 

static and the high frequency dielectric constants; J
N ,N '

(u )  is the associated Laguerre polynomial, 

 is the radius of the Landau orbit in the x − y plane, and h(m)=1 i f m is even , 

h(m)=0 if m is odd ; f
n
z( )  and f

n '

* z( ) are the electron subband wave functions in the initial and final 

states.  

Using Hamiltonian of the confined electrons - confined phonons in such a quantum well, we 

establish the quantum kinetic equation for electron distribution function. Following that, the equation 

for the current density 
 
is obtained: 

   with                   (5) 

                                                                    (6) 

 (7) 

where  is the unit vector along the magnetic field; the notation ’∧’ represents the vector 

product; τ is the electron momentum relaxation time, which is assumed to be a constant; 

 and ; δ(...) being 

the Dirac’s delta function and f
N ,k

x

= f
N ,k

x

o - k
x
c(e

N ,k
x

) f
N ,k

x

o ' is the time-independent component of the 

distribution function of electrons,  

and f
n ,kx

o  is the equilibrium electron distribution function.  

For simplicity, we limit the problem to the cases of s = −1, 0, 1. This means that the processes with 

more than one photon are ignored. Let us consider the electron gas is non-degenerate 

f
N ,k

x

o = e
b (e

F
-e
N ,kx )

,b =
1

k
B
T

, here εF is the Fermi level, and kB is the Boltzmann constant. After 

some manipulation, the expression for the THCT is obtained:  
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here δij is the Kronecker delta; εijk being the antisymmetric Levi - Civita tensor; symbols i, j, k, l, 

p corresponding the components x, y, z of the Cartesian coordinates,  
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                   (9) 

                                       (10a)  

                  (10b) 

     (10c) 

                                                      (10d) 

                                              (10e) 

B5 =B1 (C1 D1), B6 =B2 (C1 D1), B7 =B3 (C2 D2), B8 =B4 (C3 D3)                                 (10f) 

And the THC is given by the formula [16]:  
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                     (11) 

Formulae (8) and (11) show the dependence of the THCT and the THC on the external fields, the 

temperature T of the system, the quantum well width L, and especially the quantum numbers n, m 

characterizing the electron and phonon confinement, respectively. When m goes to zero, we obtain 

results as the case of bulk phonon. 
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3. Numerical results and discussions  

In this section, we present the numerical evaluation of THC for the AlAs/GaAs/AlAs QW. 

Parameters used in this calculation are as follows: m*
 = 0.067mo, (mo is the free mass of an electron), 

χ∞ = 10.9, χo = 12.9, εF = 50meV, τ = 10
-12

s, ν = 8.73 × 10
4

ms
−1

, n
o = 10

20
m

−3
, ωo = 36.6meV , Ω 

= 6.5 × 10
12

s
−1

, T = 290K, Lx = Ly = 100nm, E1 = 2.10
2
V/m. 

 

Figure 1. The dependence of THC on the B of MF in both case of confined phonon (dashed curve) and 

unconfined phonon (solid curve). 

Figure 1 shows that the strong and nonlinear dependence of the THC on the B of MF for both 

cases of confined and unconfined phonons. Especially, there are appearing clearly two resonant peaks 

of the THC at B = 18,5T and B = 20,5T. The resonants pick in case of confined phonon is higher than 

that in case of unconfined phonons. This results shows that the confined phonons have increased the 

value of THC about 5 percentage. 

 

 

Figure 2. The dependence of THC on the Ω of a laser radiation in both case of confined phonon (dashed 

curve) and unconfined phonon (solid curve). 
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Figure 2 shows that the THC is nonlinear fuction of the frequency of the laser radiation for both 

cases of confined and unconfined phonons. THC’ value increases fast as the value of the frequency of 

the laser radiation (from 1.10
12

s
-1

 to 4.10
12

s
-1

) and decreases as the value of the frequency of the laser 

radiation (from 4.10
12

s
-1

 to 10.10
12

s
-1

). The results also show that THC increases about 20 percentage 

in case of confined phonons. 

4. Conclusion  

In this work, the influence of confined optical phonons on the THE in a QW with high infinite 

potential under the presence of an intense EMW is studied by using quantum kinetic equation method. 

The analytical expressions for the THCT and the THC are obtained. The THCT and the THC 

dependence complex on the external fields, the temperature T of the system, the QW width L, and 

especially the quantum numbers n, m characterizing the electron and phonon confinement. When m 

goes to zero we have results as the case of bulk phonon in the QW. Numerical calculation is also 

applied for AlGaAs/GaAs/AlGaAs QW. Results show that the strong and nonlinear dependence of the 

THC on the B of MF and the Ω of laser radiation. All the results show that the THC has been 

enhanced much strongly in value under influences of confined phonons and a EMW but not in the 

posture. 

Acknowledgments 

 This research is funded by Vietnam National University, Hanoi (VNU) under project number 

QG.17.38 

References 

[1] Friedman. L, Electron-phonon scattering in superlattices, Phys. Rev. B 32, (1985), 955. 

[2] Wang, X.F. and X.L. Lei, Polar-optic phonons and high-field electron transport in cylindrical GaAs/AlAs 

quantum wires, Phys. Rev. B 49, (1994) 4780. 

[3] Bau, N. Q., L. T. Hung, and N. D. Nam, The Nonlinear Absorption Coefficient of a Strong Electromagnetic 

Wave by Confined Electrons in Quantum Wells Under the Influences of Confined Phonons, J. of Electromagn. 

Waves and Appl. 24, (2010) 1751. 

[4]  Phong, T.C, L.V. Tung and N.Q. Bau, Parametric Resonance of Acoustic and Optical Phonons 

[5] in a Doped Semiconductor Superlattice, J. Korean Phys. Soc. 53, No. 4, (2008) 1971. 

[6] Bau, N.Q and Hieu, N.V, The quantum acoustoelectric current in a doped superlattice GaAs:Si/GaAs:Be, 

Superlattices and Microstructure 63, (2013) 121. 

[7] Chao-Xing Liu and et all, Quantum anomalous Hall effect in magnetic topological insulators, Annual Review of 

Condensed Matter Physics, Vol. 7, (2016) 301. 

[8] Likai Li, and etc, Quantum Hall effect in black phosphorus two-dimensional electron system,  Nature 

Nanotechnology 11, (2016) 593. 

[9] Y. Matsubara, and et all, Observation of the quantum Hall effect in δ-doped SrTiO3, Nature Communications 

7, (2015)
 
11631. 

[10]  A. van den Brink and et all, Field-free magnetization reversal by spin-Hall effect and exchange bias, Nature 

Communications 7, (2016) 10854. 



L.T. Hung et al. / VNU Journal of Science: Mathematics – Physics, Vol. 33, No. 1 (2017) 1-7 

 

7 

[11] Bau N. Q. and Hoi B. D., Dependence of the Hall Coefficient on Doping Concentration in Doped Semiconductor 

Superlattices with a Perpendicular Magnetic Field under the Influence of a Laser Radiation, Integrated 

Ferroelectrics, Vol.155, (2014) 39.   

[12] Hwang E. H. and S. Das Sarma, Hall coefficient and magnetoresistance of two-dimensional spin-polarized 

electron systems, Phys. Rev. B, Vol. 73, 121309, (2006) 1. 

[13] Shmelev G. M., G. I. Tsurkan, and N. H. Shon, The magnetoresistance and the cyclotron resonance in 

semiconductors in the presence of strong electromagnetic wave, Sov. Phys. Semi- cond., Vol. 15, (1981) 156.   

[14] Vasilopoulos P., M. Charbonneau, C. M. Van Vliet, Erratum: Linear and nonlinear electrical conduction in quasi-

two-dimensional quantum wells, Phys. Rev. B, Vol. 35, (1987) 1334.   

[15] Bhat, J. S., B. G. Mulimani, S. S. Kubakaddi, Electron-confined LO phonon scattering rates in GaAs/AlAs 

quantum wells in the presence of a quantizing magnetic field, Semicond. Sci. Technol, Vol.8, (1993) 1571. 

[16]  Rudin, S., T. Reinecke, Electron–LO-phonon scattering rates in semiconductor quantum wells, Phys. Rev. B, 

Vol. 41, (1990) 7713. 

[17]  Charbonneau M., K. M. van Vliet, and P. Vasilopoulos, Linear response theory revisited III: One‐body response 

formulas and generalized Boltzmann equations, J. Math. Phys., Vol. 23, (1982) 318.  


