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Using a variational procedure for a hydrogenic donor-impurity we have investigated the influence of an axial
magnetic field and hydrostatic pressure in the binding energy and the impurity-related photoionization cross-
section in 1D and 0D GaAs low dimensional systems. Our results are given as a function of the radius, the
impurity position, the polarization of the photon, the applied magnetic field, the normalized photon energy, and
the hydrostatic pressure. In order to describelth¢ mixing in the Ga_xAlxAs layer, we use a phenomeno-
logical procedure to describe the variation of the potential barrier that confines the carriers in the GaAs layer.
Our results agree with previous theoretical investigations in the limit of atmospheric pressure. We found that
the binding energy and the photoionization cross-section depend on the size of the structures, the potential well
height, the hydrostatic pressure, and the magnetic field.
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. INTRODUCTION II. THEORETICAL FRAMEWORK

. : _ ) ) The Hamiltonian for a donor impurity in a cylindrical-
High hydrostatic pressure is a thermodynamic variable fo‘shapedE‘aAs— (Ga,Al)As QWW under the effect of an axial

the solid state that can provide important information to en-pjied magnetic field and hydrostatic press{®g is given
able the understanding of the electronic properties on het

erostructures. This is a powerful tool to investigate and con-
trol the electronic-related optical properties of semiconduc-
tor material. The main pressure effects on the 11I-V semicon- H=-0 (

My D) fiym iJrMVZpZJr

ductors is to increase the band gap [1], the increasing of the My My 09 4y,
electron effective mass in the-valley of the Brillouin zone g 2
[2], and the decrease of the static dielectric constant [3]. For V(p,P) - % T @)

the GaAs— Ga;_xAlxAs heterostructures, an increasing in the
electrpn effective-mass results in a decreasflng of the electrovr\1lherer _ \/m is the impurity-carrier distancex, is
guantized energy, whereas for the electron-impurity systems lect fract ot is the static dielectri
decreasing of the dielectric constant results in the increasin@e electron effective mass [24,, is the static dielectric
of the impurity binding energy. constant [3], and/(p,P) is the potential barrier that con-

fines the carriers inside the QWW heterostructure [8]. The

In the last two decades many works related with the magequation (1) has been written in length and energy effective
netic fields effects on the properties of the electron-impurityunits defined ag* = %/ (m;,€?) andR* = €#/(2g,a), re-
systems have been reporteddaAs— Ga;_xAlkAsquantum-  spectively. The magnetic field dependent teriis given by
well wires (QWWs) and quantum dots (QDs) [4-6]. The ef-y=ehB/(2m], c R)
fects of hydrostatic pressure on such systems, and in particular For the QD case, the fourth therm in eq. (1) should be re-
on the photoionization (PI) cross-section, show that the Pl deplaced by the andp dependent potentisd (p,z P). Our cal-
pends strongly on the symmetry of the potential that confinesulations for the QWW case (with radi& includes both the
the carriers, of the energy of the incident photon, and of thénfinite and finite potential model, in which case the varia-
impurity distribution inside the heterostructure [7]. tional wave functions are respectively given by [4, 5]

In this work, the hydrostatic-pressure and applied mag- . i
netic field dependence of the shallow-donor impurity related W(p,P) = N{ (1)F1(301,1,E) a(r) :; E§ E’ )
binding energy and PI cross-section in cylindricghAs—
(Ga,Al)AsQDs and QWWs are calculated using a variationalgng
procedure within the effective-mass approximation. Results
are calculated for different radius of the structure, applied W(p.P) = N 1F1(a01,1;€) g(r) if p<R 3)
magnetic field, hydrostatic pressure, and the energy of the in- )= A U(aé)l, L& g(r) ifp>R
cident photon. The work is organized as follows: in section
I we present the theoretical framework, in section Il we give  For the cylindrical-shaped QD (with radié&sand lengthL)
our results and discussion, and finally in section IV we presentve only consider the infinite well model. The corresponding
our conclusions. variational wave function is taken as [5]
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In Egs (2) and (3y(r) = exp—(§/2+Ar)], &=Yy?p?/2,
1F1(x,my) is the usual confluent hypergeometric function,
andU (x,m,y) the so-called Kummer function. The constants
ap1 anday, are obtained from the continuity of the wave func-
tion and its derivate at the interfaces. 30 T T
. . o . . Y P=30kbar (b)
The donor impurity binding energy is obtained from the |
usual definition .
®
e 20+
(WIH[W) mim =,
Eo=Eo—— g ®) L
(W)
whereEy is the eigenvalue of the Hamiltonian in eq. (1) with- 10 — T
out the impurity potential term, and the expected value of the 0 100 200 300
Hamiltonian is minimized with respect to the variational pa- R(A)
rameter. Fig. 1. Binding energy for on-axis-located donor-impurity in a cylin-

. . . . dricalGaAsGa_xAlkAsQWW as a function of the radius of the wire.
. In Fhe ?ﬁecdtlve mass anq dlpO|e appr_oxmratlorrl]s, theResults are presented for the finite as well as for the infinite confine-
impurity-related PI cross-section is proportional to the Maynent potential model (solid and dotted lines, respectively). Several

trix element of the dipole moment between the initial impu-yalues of the magnetic field and hydrostatic pressure are considered.
rity state and the final confined, but non-impurity, state, and

summing up all final states [7], i.e.,

70
o(hw) ~ mz (We|r|W)|? O(Ef —E — hw).  (6)
50 |-
3
Details of the calculations will be published elsewhere. EuE/“
30
10
lll. RESULTS AND DISCUSSION
70
In Fig. 1 we present our results for the binding en-
ergy for an on-axis-located donor-impurity in a cylindrical 50l
GaAsGa_xAlyAs QWW as a function of the radius of the s
wire. As expected, in the small radius regime within the in- \Eg
finite potential model the binding energy diverges, whereas w 30L
for the finite model the binding energy growths up to a max-
imun and then decreases to the 3D hydrogenic limit in the
Ga_xAlyAsregion. Additionally, in the limit for large radii 10 L
all the presented results goes to the 3D limit in G&Asre- 0 100 200 300
gion under the presence of an applied magnetic field. When R(A)

comparing Figs. 1(a) and 1(b) we observe that the main infig. 2. Binding energy for on-axis-located donor-impurity in a
fluence of the hydrostatic pressure (associated with the lineaylindrical-shape@aAsvacuum QD as a function of the dot radius.
decreasing of the dielectric constant, the linear increasing ofhe results are fot = 50A and several values of the magnetic field
the electron effective-mass, and the close linear diminishingd hydrostatic pressure have been considered.

of the radius of the structure) is seen for the low regime of

the radius of the structure in which case the potential barri- Our results for the binding energy for on-axis-located
ers expels the wave function towards the position where thdonor-impurity in a cylindricalGaAsQD as a function of the
impurity is located. radius of the dot are presented in Fig. 2. In the figs. 2(a)
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and 2(b) it is seen that as the radius of the QD diminishes th&#om comparison of the figs. 3(a) and 3(b). The spread of the
binding energy grows, finally diverging fét = 0. Thisisthe  peak is associated with the free motion of the carriers along
behavior equivalent to the QWW case. Furthermore, the effedhe z-direction which allows a set of continuoksdependent

of the magnetic field becomes more prominent for larger radifinal states for the PI cross-section.

in the structure, and the system goes to the different limiting In Fig. 4. our results are as in fig. 3 but for cylin-
values of the magnetic field effect for the case of the hydrodrical shapedGaAsQDs. Note the large blue-shift of the
genic atom in the bulk. The effect of the magnetic field for peak with respect to the results of the QWW. Due to the fact
small radius is worthless since the wave function has alreadghat the binding energy is defined as the difference of the
been sufficiently compressed for the infinite potential barrierscorrelated carrier-impurity system with respect to the non-
In addition, when comparing the figs. (a) and (b) itis observectorrelated one, this shift can not be inferred from Fig. 1. It
that the effects of the pressure are bigger for larger radii. Thés associated -in fact- with the higher energy of the first con-
small variations appearing in the low regime of the radius ardined state in the dot, with respect to those in the wire. The
due to the fact that the system is strongly confined becauseery narrow shape of the central peak can be attributed to the
of the small value considered for the heighof the QD. In  discrete set of final states of the matrix elements of the dipole
this case. = 50A corresponds essentially kuof the expected moment.
value of the carrier-impurity distance of the hydrogenic atom

in the bulk. : ' ' '
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Fig. 4. Pl cross-section, as a function of the photon energy, for on-
axis-located donor-impurity in a cylindrical-shap&hAsvacuum

QD as a function of the radius of the dot. Results are for the same
data as in figure 2.

Photon energy (meV)
Fig. 3. PI cross-section, as a function of the photon energy, for on
axis-located donor-impurity in a cylindricBlaAsGa._xAlyAsQWW
as a function of the radius of the wire. Results are as in Fig. 1.

IV. CONCLUSIONS

In Fig. 3. the results are for the donor-impurity-related
PI cross-section in cylindricdbaAsGa_xAlyAs QWW as a In the scheme of the effective mass-approximation and us-
function of the radius of the wire. The polarization of the in- ing a variational procedure for a hydrogenic shallow-donor
cident photon is along the wire axis, and for this reason thémpurity we have investigated the influence of a strong mag-
selection rules for the matrix element of the dipole momenmetic field and hydrostatic pressure in the binding energy and
implies that the transition is given from the first impurity statethe impurity-related PI cross-section ®aAs QWWs and
to the fundamental state of the quantum well. The observe@®Ds. We have included the pressure-dependieXt mix-
shift to higher energies for the infinite confinement model ising by using a phenomenological model of the potential bar-
essentially due to the larger energy separation between ther function that confines the carriers inside the structure.
first and the second confined states in the wire. AdditionallyWe have found that the binding energy and the PI cross-
the blue shift of the Pl peak is associated with the variation okection depend on the sizes of the structures, the potential
the binding energy with the magnetic field. The same situawell heights, the hydrostatic pressure, and the applied mag-
tion can be inferred with the presence of hydrostatic pressuraetic field.
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