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Abstract Within the framework of the effective mass and

parabolic band approximations and using a variational

procedure, a detailed theoretical study of the combined

effects of hydrostatic pressure and in-growth direction

applied electric field on the electronic states and binding

energy of a donor impurity in a GaAs–(Ga,Al)As coupled

double quantum well-wires is presented. The particular

situation of W-shaped confining potential profile is ana-

lyzed. The results obtained show that the energy for the

first confined electron states as well as the impurity binding

energy bear strong dependences with the hydrostatic

pressure, the strength of the applied electric field, and the

shape of the confining potential barriers. In the case of the

electron states, it is observed that their energies are

increasing (decreasing) functions of the potential-shape-

related K-parameter (hydrostatic pressure). It is also found

that, in the high hydrostatic pressure regime (25 kbar in

this work), the binding energy of a donor impurity

decreases with the pressure and the effects of hydrostatic

pressure on the potential barriers are predominant over the

effects of hydrostatic pressure on the GaAs static dielectric

constant. It is shown that the binding energy can increase

or decrease depending on the combined effects of the

applied electric field and the dimensions of the transversal

section of the coupled quantum well wires.

Introduction

The advances in experimental crystal-growth techniques

have revealed new opportunities to study the optoelectronic

properties and band structure of semiconductor superlat-

tices and heterostructures. The set of different alternatives

by which it is possible to manipulate such nanodevices is

called the engineering of the quantum confinement. Among

these systems, potential W-profile quantum well-wires

have attracted considerable interest due to the occurrence

of new physical phenomena as well as their possible

applications in photo-detectors and other optoelectronic

devices [1–19].

Many theoretical investigations have calculated the first

few hydrogenic impurity states, the binding energies, and

the impurity related optical properties associated with

shallow-donor and/or shallow-acceptor impurities in low-

dimensional systems such us quantum wells (QW), quan-

tum-well wires (QWW), and quantum dots (QD). Some

works deal with the effects of hydrostatic pressure on

exciton and shallow-donor impurity states in single GaAs–

Ga1-xAlxAs QW [1–3], single GaAs–Ga1-xAlxAs QWW

[4, 5], and isolated QD [6]. All these works have consid-

ered abrupt potential barriers which confine the carriers

into the region on the quantum system. Using a variational

procedure within the effective-mass and parabolic band

approximations, the simultaneous effects of temperature,

hydrostatic pressure and applied electric and magnetic

fields on shallow-donor impurity states in single square

QW and double square QWW have been also reported

[7–9].

The combined hydrostatic pressure and applied electric

field effects on the donor-impurity states in double-coupled

QW with square and triangular well potentials have been

reported by Raigoza et al. [20] and Kasapoglu et al. [10].
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They found that associated with the breaking of the sym-

metry—as effect of the applied electric field—the density of

impurity states is richer in structures. Also, they claim that

depending on the impurity position along the growth

direction of the structure, the impurity binding energy is an

increasing and/or decreasing function of the applied electric

field. The mixing of square and triangular well potentials

has been considered in the study of the electron-energy

spectrum and of the binding energy of a shallow-donor

impurity confined in single GaAs–(Ga,Al)As rectangular-

transversal section QWWs [11–13]. As a general trend they

found that: (1) due to the two-dimensional confinement,

the binding energy in one-dimensional-systems is approxi-

mately twice the binding energy in single QW, and (2) the

binding energy of donor impurities strongly depends on the

external inputs such as the pressure and the applied electric

field, and also on the structural features of the low dimen-

sional system.

The Intense laser effects and the nonparabolicity on the

electronic and donor states in QW with V- and W-shape

confinement potential have been studied by Niculescu et al.

[14] and Vanitha and Peter [15]. They found that the

binding energy depends sensitively on the geometric con-

finement and the impurity position. Low-dimensional het-

erostructures with W-profile confinement potential present

a higher nonlinear optical rectification than the single and

coupled square quantum wells, which has significant

influences on improvements of optical devices, such us,

ultrafast optical switches, infrared waveguide devices and

so on [16–19].

Stimulated by the works of Bilekkaya et al. [12], Aktaş

et al. [13], Niculescu et al. [14], Vanitha and Peter [15], the

present work is concerned with a theoretical study of the

effects of hydrostatic pressure and applied electric field

on the energies of electron states and binding energy of

a shallow-donor impurity in two parallel coupled GaAs–

Ga1-xAlxAs QWW with potential W-profile. The electron

wave functions in the semiconductor are obtained through an

expansion in a complete set of trigonometric functions. We

use the effective-mass and parabolic-band approximations

within a variational procedure. Calculations are performed

for symmetric and asymmetric QWW heterostructures, for

two different values of the hydrostatic pressure and external

electric field. In ‘‘Theoretical framework’’ section, we

present the theory of the problem. Our results are presented

and discussed in ‘‘Results and discussion’’, and our conclu-

sions are given in ‘‘Conclusion’’ section.

Theoretical framework

Here, we are dealing with a hydrogenic donor-impurity in a

GaAs–Ga1-xAlxAs QWW grown along the z-axis in the

presence of an applied electric field F ¼ �Fbz; taking into

account the effects of hydrostatic pressure (P). In Fig. 1 we

present a pictorial view of the studied system.

Our theoretical approach uses the effective mass and

parabolic-band approximations [21]; so, the Hamiltonian

for the donor-impurity, in cartesian coordinates, takes the

following form [22]

H ¼ � �h2

2m�ðPÞr
2 þ Vðy; z;PÞ � jejFz� e2

eðPÞr ; ð1Þ

where r ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

x2 þ y2 þ ðz� ziÞ2
q

is the electron–impurity

distance [the electron and impurity coordinates are,

respectively, (x, y, z) and (0, 0, zi)]. In addition, e is the the

electron charge, and m*(P) and e(P) are the hydrostatic-

pressure-dependent electron effective mass and static

dielectric constant, respectively (for simplicity, the

dielectric constant and the effective masses are considered

to be the same as in GaAs throughout the whole QWW).

For the GaAs electron effective mass and the static

dielectric constant we have used, respectively, eðPÞ ¼
12:65�0:02 kbar�1P and m�ðPÞ=m0 ¼ 0:067þ 5:56�
10�4 kbar�1P; where m0 is the free electron mass [23, 24].

The pressure dependence on the dimensions of the het-

erostructure is obtained from the fractional change of the

volume [24–26].

The confining potential due to the heterostructure is

given by V(y, z, P) = V(z, P) ? V(y). The structure of

V(z, P) is depicted in Fig. 1, whereas V(y) = 0 for |y| B

Ly/2 and infinite elsewhere. The shape of the V(z, P) inside

the wire regions is controlled by a K-parameter which is

zero for rectangular profile and 0.5 for W-profile. We

follow the model of Elabsy [1] in which the C� X cross-

over in the Ga1-xAlxAs material—induced by the effect of

hydrostatic pressure—is introduced into the model through
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Fig. 1 Pictorial view of confining W-shaped potential profile along

the z-direction with hydrostatic pressure and growth-direction applied

electric field dependent for the QWW system studied here. The filled
circles show the impurities position
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the pressure dependence of the height of the barrier that

confines the electrons in the z-direction.

Variational techniques are a suitable tool for studying

electron states—with or without hydrostatic pressure

effects—in semiconducting low-dimensional systems [27–

29]. In the case of our interest, we adopt the variational

scheme used by Fox et al. [30] and Galbraith and Duggan

[31] in order to obtain the impurity eigenfunctions for the

GaAs–Ga1-xAlxAs QWW. This consists of the minimizing

of the energy functional

E ¼ hWðx; y; zÞjHjWðx; y; zÞi: ð2Þ

The trial wave function has been chosen as

Wðx; y; zÞ ¼ Nf ðzÞ cosðpy=LyÞe�kr; ð3Þ

where N is a normalization constant and k is a variational

parameter. The non-correlated function f(z) has been

obtained via the method put forward by Xia and Fan [32],

which consists of an expansion in terms of sine functions

associated with the infinite barrier QW of width L. LW1 9

Ly and LW2 9 Ly are the transversal sections of the two

coupled QWW.

Results and discussion

Figure 2 shows the energies for the first five electronic

states in the QWW as a function of the K-confinement

potential parameter with LW1 = LW2 = 10 nm and hydro-

static pressure P = 25 kbar. The height of the total trans-

versal confinement potential is shown by a dashed line. The

calculations were performed with zero electric field,

Fig. 2a, and finite electric field F = 20 kV/cm, Fig. 2b.

From these figures it can be seen that the energy increases as

the K-parameter reaches its maximum value, 0.5 (W-profile

confinement). This is caused by the extra confinement of the

electron wave function due to the appearance of the central

potential barrier in the middle of the double QWW. In

accordance, for values of K smaller than 0.3, only the first

three states are kept inside the QWW. BY observing

Fig. 2b, it can be appreciated that, as a consequence of the

applied electric field, every state is shifted to smaller

energies. The states whose energies, En, obey the relation

En ¼ �h
2m�

p2

L2
y
þ V0 � eF L

2
; n ¼ 1; 2; 3. . ., are confined in

the QWW with W-profile potential. In such a way, there are

always at least three confined states for the whole range of

K-parameter values. It is important to clarify that the

energies, in both Fig. 2a and b, are refered to the same

reference system. The energies lying over the dashed line

correspond to confined states in a quantum wire of trans-

versal section L 9 Ly.

In Fig. 3, we report the results for the energies of the

electronic states as a function of width of the symmetric

QWW for the first five states. The calculations were per-

formed for P ¼ 0; K ¼ 0; and F = 0, Fig. 3a; while we

take F = 20 kV/cm for the results of Fig 3b. From these

figures it can be observed that, as a general behavior, the

energy of the five states decreases as the width of the

QWW increases with or without applied electric field. That

is, for a QWW wider than 10 nm, the first five electronic

states are inside the wires regions.

Additionally, the electric field causes separation on the

energy curves of the states, which is more pronounced for

LW C 20 nm. Another effect related to the influence of the

electric field is the lowering of state energies. This causes a

situation for which, if LW1 = LW2 \ 5 nm, the number of

confined states changes from two, when F = 0, to four,

when F = 20 kV/cm. For F = 0 and LW1 ¼ LW2 ! 0 our

results reproduce the exact limit of a Ga0.7Al0.3As QWW

with infinite potential barriers and transversal section of

60 nm 9 10 nm (see the full symbols compared with short
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Fig. 2 The energies for the first five electronic states in a GaAs–

Ga0.7Al0.3As QWW as a function of K-confinement potential

parameter for two different values of the in growth-direction applied

electric field: a F = 0, b F = 20 kV/cm. The LW1 = LW2 widths and

the hydrostatic pressure were set at 10 nm and 25 kbar, respectively.

The dashed lines represent the total transversal confinement potential
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Fig. 3 The energies for the first five electronic states in a GaAs–

Ga0.7Al0.3As QWW as a function of LW1 = LW2 widths corresponding

to two different values of the in growth-direction applied electric

field: a F = 0, b F = 20 kV/cm, for P = 0 and K ¼ 0: The dashed
lines represent the total transversal confinement potential. In a the

inset shows the energies for LW1 = LW2 = 0 (full symbols) compared

with the exact energy values in a 60 nm 9 10 nm transversal section

Ga0.7Al0.3As QWW with infinite potential barriers (horizontal
symbols)
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horizontal symbols in the inset of Fig. 3a):

[En ¼ p2

L2
y
þ n2p2

L2 þ V0; n ¼ 1; 2; 3. . .; where En and V0 are

given in effective Rydberg units and Ly and L are given in

effective Bohr radius units]. Also for LW1 = LW2 = 30 nm

our results correspond to the limit of a GaAs QWW with

infinite potential barriers and transversal section 60 nm�
10 nm : En ¼ p2

L2
y
þ n2p2

L2 ; n ¼ 1; 2; 3. . .
h i

: In the case of

applied electric field, Fig. 3b, our results reproduce the

exact limit of the Stark effect for an electron confined

inside Ga0.7Al0.3As and GaAs QW with infinite potential

barriers.

The results shown in Fig. 4 correspond to the same

conditions as in Fig. 3 except for the value of the hydro-

static pressure which is set at 25 kbar. In Fig. 4a, it can be

seen that the effect of sole pressure is to lower the elec-

tronic state energies as well as the confinement profile

height V0. It occurs in such a way that, for instance, for a

W-profile width of about 15 nm, the five electronic states

lie within the QWW. This is in contrast to the pressureless

case, Fig. 3a, in which the five electronic states are in the

QWW, but for a width of about 10 nm. The shift of states

towards lower energies is the combined effect of the

increasing effective mass with pressure and the fall of the

confining barrier’s height. This shift to lower energies is

not a linear displacement for the total confining potential

and for the confined states (there is not a rigid shift of all

energies). This is evident in the number of states that lie

below the total potential for a certain width of the wells.

For example in Fig. 3a, in the case of LW1 = 5 nm, there

are three confined states; whereas in Fig. 4a and for the

same width there are only two confined states. From

Fig. 4b it can be seen the combined effect of the pressure

and applied electric field. Again, the electric field leads to

energy curves separation lowering the energies of all states.

This effect is mainly observed for the two first confined

states.

Figure 5 shows the results corresponding to the same

conditions as in Fig. 4, except for the value of the

K-parameter which is now set at 0.5. As in the case shown

in Fig. 2, the effect of K-parameter is to increase the

electronic state energies. This is clearly apparent by com-

paring Figs. 4a and 5a, in which we have K ¼ 0 and K ¼
0:5; respectively. In the limit LW1 ¼ LW2 ! 0; Figs. 4

and 5 have exactly the same energies, both for zero and

20 kV/cm values of the applied electric field. Furthermore,

in Fig. 5a it can be seen that for K ¼ 0:5; and in the limit of

large LW values, the energy of the consecutive states have

the same value (degenerated states). This is caused by the

fact that, when LW1 ¼ LW2 ! 30 nm; the system becomes

into two equal QWW’s with a 10 nm 9 15 nm transversal

section, separated by a 30 nm barrier. In other words, the

QWW’s are not coupled due to the size of central barrier’s

width. In addition, Fig. 5b shows the electric field effect.

The electric field breaks the degeneration of the states in

the large limit of LW. This is due to the lowering of the

even states and the raising of the odd states energy implied

by the orthogonality condition between them. As a result,

we have the localization of the wave function in each

QWW.

In Fig. 6 we show the amplitude of probability in the

transversal section ðjf ðzÞ � cosðpy=LyÞj2Þ of a GaAs–

Ga0.7Al0.3As QWW with LW1 = 10 nm, LW2 = 0 nm. The

results are for the first three non-correlated electron states

considering two different values of the potential parameter:

K ¼ 0; left panel, and K ¼ 0:5; right panel. Clearly,

Fig. 6a, c corresponds to the two first even states (the wave

function f(z) has one and three antinodes, respectively). For

the amplitude of probability, it is clear that in the left panel

all figures have reflection symmetry with respect to the

plane at z ¼ �0:5a�0 and inversion symmetry with respect

to the the point at z ¼ �0:5a�0 with y = 0. These three

states are strongly confined into the QWW region and

correspond to bound states of the wire. Figure 6d, e, where
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Fig. 4 The energies for the first five electronic states in a GaAs–

Ga0.7Al0.3As QWW as a function of LW1 = LW2 widths for two
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Fig. 5 The energies for the first five electronic states in a GaAs–

Ga0.7Al0.3As QWW as a function of LW1 = LW2 widths for P =

25 kbar and K ¼ 0:5: Two different values of the in growth-direction

applied electric field are considered: a F = 0, b F = 20 kV/cm. The

dashed lines represent the total transversal confinement potential
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K ¼ 0:5; corresponds to the only two confined states in the

V-profile QWW and also they have the same symmetries

observed in all figures in the left panel. The third state,

Fig. 6f, loses all symmetries because it is strongly affected

by the infinite barriers at z = ±L/2. This state corresponds

essentially to the ground state of a infinite barrier QWW

with cross-section L 9 Ly. Only a single antinode is

observed which is shifted towards the barrier at z = ? L/2;

this is an applied electric field-like effect due to the

V-profile potential centered at z ¼ �0:5a�0:
For complete study of the behavior of electronic states

and the binding energy of impurity, we present in Fig. 7 the

amplitude of probability in the growth-direction (|f(z)|2) for

the first three non-correlated electron states in a GaAs–

Ga0.7Al0.3As QWW with LW1 = 10 nm, LW2 = 10 nm and

K ¼ 0:5 (W-profile potential). The results are for two dif-

ferent values of the hydrostatic pressure: P = 0 (Fig. 7a–c)

and P = 25 kbar (Fig. 7d–f). The solid lines correspond to

F = 0 whereas the dashed lines are for F = 20 kV/cm. For

the wave functions of the even states in Fig. 7a, d, the

effect of the applied electric field is to push the wave

function towards the S2 region (QWW at the right hand

side). Clearly, Fig. 7c, f corresponds to extended states

associated to the L 9 Ly QWW and in this case the applied

electric field pushes the electron wave function towards the

infinite barrier at z ¼ þL=2 ¼ 3a�0: For the odd states,

Fig. 7b, e, the applied electric field confines the wave

functions into the S1 region of the W-profile QWW (QWW

at left hand side). The orthonormalization of the f(z) wave

functions is readily apparent. The main effect of hydro-

static pressure is to spread the wave function into the whole

transversal section. This is because the lowering of the

confinement potential barriers as a function of P.

The asymmetric QWW case is analyzed in Fig. 8.

These figures show the energies for the first five elec-

tronic states in a Ga0.7Al0.3As QWW as a function of

LW2, with LW1 = 10 nm, P = 0 and F = 0. The calcu-

lations were performed for K ¼ 0 and K ¼ 0:5 (Fig. 8a,

b, respectively). When LW2 goes from zero to 30 nm, the

system evolves from a single QWW, S1, with a trans-

versal section of 10 nm 9 10 nm with infinite barriers at

y = ±Ly/2 and finite barriers in z-direction, to a pair of

wires, S1 and S2, with transversal sections of 10 nm 9

10 nm and 10 nm 9 15 nm, respectively. These two

coupled wires have infinite potential barriers at y =

±Ly/2 and at z = 30 nm, a finite potential barrier at z =

-LW1, and they are coupled by a 20 nm central potential

barrier. In Fig. 8a, it is observed a diminishing in the

energy of the electronic states as LW2 increases. As long

as LW2 increases, the electron wave functions spread in a

larger transversal section with the consequent reduction

in the confinement. This behavior is in agreement with

the results presented in Fig. 3a. By comparing Fig. 8a
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values of the potential shape

parameter: K ¼ 0 (a–c) and
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widths were set at 10 nm and

0 nm, respectively, and there

was not applied electric field or

hydrostatic pressure. The

intensity is in arbitrary units
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and b, it can be noticed that in the QWW with W-profile

potential all states are shifted to higher values of energy.

In Fig. 8b, when LW2 = 0, the states with 172 meV and

304 meV correspond to the first two confined states in the

S1 region, which has a V-profile confinement potential.

When LW2 = 30 nm, the states with 171 meV and

112 meV correspond to the energies of the fundamental

states of the S1 and S2 regions, respectively. These

assignments can be explained as follows: as the cross

section S1 is smaller than the cross section S2, the funda-

mental state associated with the confinement in S1 has

larger energy than the fundamental state associated with

the confinement in S2. So, as LW2 tends to LW1 (symmetric

system), the energy of the two fundamental states tends to

be equal. This is the reason why the anti-crossing effect is

presented around LW2 = 10 nm. The right panel of Fig. 8

shows the amplitude of probability in the growth direction,

|f(z)|2, for the first two non-correlated electron states.

Fig. 8c–e correspond to different values of Lw2 in Fig. 8b:

5, 10 and 15 nm, respectively. These values are indicated

with arrows in Fig. 8b. The ground and the first excited

states correspond to the solid and dashed lines, respec-

tively. The inset in Fig. 8d shows the wave functions for

the same states. These figures show the behavior of the two

first confined states and are useful for the explanation of the

anticrossing in LW2 = 10 nm. By comparing Fig. 8c and e,

it can be seen that as LW2 increases near to the anti-crossing

region, the ground state goes from the S1 region to the S2

region; whereas the first excited state goes from the S2

region to the S1 region. In Fig. 8d, it can be noticed that the

amplitudes of probability are similar when the system is

symmetric. In the inset the orthonormality and symmetry of

these wave functions corresponding to the mentioned states

(the ground state has even parity along the growth direction

and the first excited states has odd parity) can be observed.

In Fig. 9, we present our results for the binding energy

of a donor impurity in a GaAs–Ga0.7Al0.3As QWW as a

function of the LW2 size, with LW1 = 10 nm. Several values

of the hydrostatic pressure and applied electric field have

been considered for three special impurity positions in the

transversal section of the quantum system. Calculations

have been made for a W-profile QWW ðK ¼ 0:5Þ: For the

impurity in the S1 region (zi = z1) (Fig. 9a), it is observed

that up to LW2 = 4 nm the binding energy does not have

significative changes because the dimensions of the het-

erostructure are small in comparison with the GaAs

effective Bohr radius (*100 Å). Up to LW2 = 10 nm, the

changes in the binding energy are not larger than 6 meV,

even considering the effects of an applied electric field

(curves 1 and 2). Here, the potential barriers are high

enough to keep the carriers confined in the regions S1

and S2.

When considering pressure effects, curves 2 and 4, for

LW2 [ 6 nm, the binding energy drops due to the potential

barriers are down more than 60% compared to its original

value. In this case, the electron wave function tends to be
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respectively
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localized at the midpoint of the two regions S1 and S2 thus

increasing the electron–impurity distance and decreasing

the binding energy. In this case, the effect of the hydro-

static pressure on the potential barriers is dominant over the

effects of hydrostatic pressure on the GaAs dielectric

constant. In Fig. 9b, for the impurity in S2 region (zi = z3),

in LW2 = 0 the binding energy corresponds to that of an

impurity in the finite barrier at z = 0 in the region S1, with

the electron mainly located at the center of the S1 region.

When LW2 takes finite values, the S2 region—where the

impurity is located—starts to appear and the binding

energy begins to decrease as the electron–impurity distance

grows. For LW2 [ 4 nm and under the influence of electric

field (curves 3 and 4) the electronic wave function is

repelled to the S2 region, with the consequent increase in

the binding energy. In the case of F = 0 and P = 0, (curve

1), the growing nature of the binding energy only occurs

when the system is close to the symmetric case (LW2 *
LW1), so that the probability of finding the electron in the S1

and S2 regions is the same. The behavior in curve 2 (F = 0

and P = 25 kbar) is similar to the observed in curve 1, but

the increasing in the binding energy is smoother because of

the smaller height of the potential barriers. The binding

energy in LW2 = 10 nm and at P = 25 kbar is greater than

for P = 0 due to the possibility that the electron wave

function penetrates into the z [ LW2 region, which causes

that the electron wave function becomes more symmetrical

around the position of the impurity. In Fig. 9c, where the

impurity is in the central barrier (zi = z2), the essentially

increasing behavior of the curves 1, 2, and 3 with the

increase of LW2 is due to the symmetrical nature, acquired

by the electron wave function around the impurity. In the

case of curve 4 for LW2 [ 6 nm, and also for curve 2 for

LW2 [ 8 nm, the progressive reduction of the binding

energy is because the electron wave function is located in

the central region of S2 and for it the electron–impurity

distance increases with the increasing of LW2, making the

Coulomb interaction to decrease with the consequent drop

in the binding energy.

Conclusions

Calculations of the first confined electron states and the

binding energy of a shallow-donor impurity in two parallel

coupled GaAs–Ga1-xAlx As QWW under growth-direction

applied electric field and hydrostatic pressure was performed

in the effective mass and parabolic band approximations.
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Fig. 8 Left hand panel The

energies for the first five

electronic states in a GaAs–

Ga0.7Al0.3As QWW as a

function of the LW2 width with

LW1 = 10 nm. The results

correspond to P = 0 and F = 0;

with K ¼ 0 (a) and K ¼ 0:5;
(b). The dashed lines represent

the total transversal confinement

potential. Right hand panel The

amplitude of probability in the

growth-direction, |f(z)|2, for the

first two non-correlated electron

states. c–e Correspond to

different values of LW2: 5, 10

and 15 nm, respectively. These

values are indicated with arrows
in b. The solid lines are for the

ground state and whereas the

dashed lines are for the first
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shows the wave functions for
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The theoretical results are reported for the energies of the

first five electron states as a functions of the K-parameter

(which controls the profile of the confinement potential

barriers) and as a function of the size of the both QWW.

We also calculated the amplitude of probability of the

electronic wave function for rectangular-, V-, and W-pro-

file for the growth-direction confinement potential ðK ¼
0; 0:5Þ: In the case of a donor impurity, we report the

binding energies for the ground state and considering

several positions of the impurity in the transversal section

of the heterostructure. Our results can be summarized as

follows: (1) for a symmetric GaAs–Ga0.7Al0.3As QWW

with W-profile potential, two uncoupled QWW are

obtained when LW1 = LW2 C 10 nm; (2) the energies of

the first confined electron states are increasing functions of

the K-parameter; (3) the energies of the first confined

electron states are decreasing functions of the hydrostatic

pressure; (4) the binding energy of a donor impurity

decreases when the system is under the effect of a hydro-

static pressure whose values here considered were taken in

the regime of the C� X-crossover for the barrier material

(25 kbar in this work)—in this case the effects of the

hydrostatic pressure on the potential barriers are dominant

over the effects of hydrostatic pressure on the GaAs static

dielectric constant—, and finally (5) the binding energy can

increases or decreases depending of the combined effects

of the applied electric field and the dimensions of the

transversal section of the coupled QWW.

On the other hand, it is known that the effects of polar

optical phonon scattering need to be taken into account if

we wish to provide a more accurate description of the

electronic states for semiconducting systems based on

weakly polar materials. Electron–phonon interaction is an

effect that has not been considered in this work. One of its

consequences is the renormalization of the confined states

energies [33–35]. It should certainly affect the values of the

calculated impurity binding energy. Therefore, a logical

continuation of the present study is the inclusion of cor-

rections due to such interaction. Work on this subject and

also about nonlinear optical rectification in coupled QWW

heterostructures are two of our future aims. Finally, we

stress that to our knowledge, this is the first theoretical

report about the combined effects of hydrostatic pressure

and applied electric field on electron and donor-impurity

states in W-profile coupled QWW. We do hope our theo-

retical findings stimulate future experimental researches.
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