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that the normalized binding energy significantly depends on the asymmetry of the well,
besides depending on the impurity position and hydrostatic pressure. Also, the depen-

I:Ieyworl’#:d bindi dence of the positive normalized binding energy on the pressure can be used to find out
Irs;l;ﬁtl;e inding enerey the degree of the asymmetry of the well or the impurity position in the well.
Asymmetric well © 2016 Elsevier Ltd. All rights reserved.
Pressure

1. Introduction

The asymmetric quantum well structures without the impurity [1—9] and with the impurity [10—14] have been a subject
of extensive investigations in research. When the inverse symmetry of the quantum wells is broken, many new phenomena
have been found which can provide potential device applications in future. Zhang et al. [ 13] have studied the dependence of
the ground state binding energy on the impurity position in an asymmetric well in absence of external influences. Akbas et al.
[14] have investigated the density of the hydrogenic impurity states for different asymmetric well. Moreover, past studies
show that impurities and hydrostatic pressure can obviously effects optical and electronic properties of optoelectronic de-
vices [15]. Hydrostatic pressure effects play an important role in the energy levels in quantum wells without altering the
crystal symmetry of these structures [16].

Recently, there has been interest in the determination of the normalized binding energy of impurities within low-
dimensional structures [17—23]. Dane et al. [17] first calculated the hydrogenic impurity ground state normalized binding
energy in a GaAs/AlAs spherical quantum dot. Further, Sadeghi [ 18] have reported the effect of the electric field on the excited
states normalized binding energy of an on-center and off-center hydrogenic impurity in a spherical quantum dot. Niculescu
et al. [21] have investigated the simultaneous effects of the electric field and hydrostatic pressure on the ground state
normalized binding energy of an on-center hydrogenic impurity in an asymmetric quantum well.

In this paper, we mainly study the dependence of the ground state normalized binding energy on the impurity position in
Aly,Gay_y, /GaAs/Aly,Gay_y, asymmetric quantum well under hydrostatic pressure. We have concerned with ground state
energies and follow a variational calculation with the effective mass approximation.
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2. Theory

In the absence of any impurity, within the effective-mass approximation, the pressure dependence of the Hamiltonian is
given by

h2
2m* (P)

where m*(P) is the pressure dependent effective mass of the electron at the conduction band minimum [1]. The confining
potential for the asymmetric quantum well, is given by

{Vl (x(,P) for z<O
V(z,P) =

Ho = VZ+V(z,P) (1)

0 for 0<z<L(P) (2)
Vr (x,P) for L(P)<z

where L(P) is width of the quantum well. The confining potential is generated by three layers with different Al contents [5,14],
x; for z<0
X(z)=< 0 for 0<z<L(P) (3)
xr for  L(P)<z

the parameters x; and x; tune the confining potential profile. The eigen function for the ground state within the asymmetric
quantum well [14,24] is

Bjef” for 0<L(P)
Yo(z) = {AC sin(8.z+®) for 0<z<L(P) (4)
B,e 0% for z>L(P)
with
By = \/2m" (P)(Vi+(P) — Eo(L(P), P)) /#2 and f. = \/2m" (P)Eo(L(P), P) /12 (5)

The Eo(L(P),P) is the energy of ground state given by the transcendental equation

tan(® 4 B.L(P)) = —% (6)

- [Eo(L(P),P)
sin(P) = VP (7)

The Hamiltonian for a shallow impurity located at 77 = (0, 0, z) in the asymmetric quantum well, in cylindrical co-
ordinates, is

with
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+V(z,P) (8)

where ¢(P) is the hydrostatic pressure dependent GaAs static dielectric constant. The impurity energy in the presence of
pressure is calculated by a variational method. Following trial wave function is adopted for ground-state trial wave function of
the form

W(p.2) = N%(z)exp( N znz) (9)

where N and A are the normalization constant and the variational parameter to be determined. The trial impurity ground-
state energy in the presence of pressure is obtained by

E(L(P),z;,V(z.P)) = minA% (10)

The binding energy, Ex(L(P), zi, V(z,P)), is given as the ground-state energy of the system without the impurity Eg, minus the
impurity ground state energy,Ei(L(P), z;, V(z,P)), i.e.,
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