Brazilian Journal of Physics, vol. 34, no. 2B, June, 2004 663

Franz-Keldysh Effect in Semiconductor T-Wire
in Applied Magnetic Field
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We have calculated the optical absorption spectra of magnetoexcitons in T-wire semiconductor. It is calculated
using the semiconductor Bloch equations in time and real-space domains. The peak and the linewitdth of the
fundamental exciton transition are investigated as a function of the applied magnetic and static electric field. The
latter is applied along the wire axis and induces a broadening in the absorption spectra line, energy shift, and
the characterisitic Franz-Keldysh oscillations. The exciton binding energy enhances increasing the magnetic
field strength.

1 Introduction who solved the low-density semiconductor Bloch equation
(SBE) in the time and real-space domains. The time evo-

One of the most successful realization of semiconductor lution of the interband optical polarization was obtained by
guantum wires is obtained by growing two quantum wells Wave packet propagation implemented by split-step method.
along perpendicular crystallographic directions. The elec- ¢From the peaks in the spectral response one can find the
tronic state in the region of the intersection of the two quan- €nergies of the electron-hole pair in the wire without having
tum wells has its motion quantized along two directions t0 rely in restrictive basis expansion, perturbation or varia-
while it is free along the intersection line. Such structure tional methods.

is called T-wire and the quantum wells are referred to as  In this work we study the electroabsorption of magne-
arm and stem quantum wells in respect to the T shape of theloexcitons in a T-shaped quantum wire, under the presence
system. of an electric field is applied along the wire axis. The peak
and the linewidth of the optical absorption for the fundamen-

tra of a semiconductor T-wires in presence of a magnetictal transition are investigated as functions of the strength of
field, applied perpendicularly to the plane of the arm quan- both_fields, _magnetic ar_1d electric. T_he optical spectra are
tum well. Itis used to externally to enhance the confinement ©Ptained using an effective 1D potential for the Coulomb at-
of the eletron-hole pair in the wire and consequently to pro- raction between the e-h pair, as a function of the relative e-h

duce an energy shift of the fundamental excitonic transition distance along the wire, which was calculated using the elec-
[1]. tron and hole ground states for the laterally confined carriers

in a T-wire structure. These states are calculated numerically
by solving the 2D Sclirdinger equation.

In this work we calculate the optical absorption spec-

Bryant and Band[2] has performed a calculation using
a model where the excitonic wavefunction was written as a
product of the T-wire eigenstates for the electron and hole
and a variational wavefunction for the e-h correlated state. . . .
The trial wavefunction that better reproduced the experi- 2 Optlcal absorpt|on of a T-wire
mental data was shown to be that in which the e-h corre- semiconductor
lation was in all three directions. In the work of Goldini

et al[3], a detailed study of the spin mixing in the valence e begin formulating the problem of an electron and a hole

band, neglecting the e-h Coulomb interaction has shown thatin 3 T-wire structure neglecting the electron-hole interaction.

the character of the hole state (as being heavy or light) de-The ground states we here calculated will be used to obtain
pends on the degree of the wavefunction spreading over thehe effective Coulomb potential in the wire.

arm and stem quantum wells. This has an important effect  The |ateral ground states of the electron in the T-wire

on the optical anisotropy for light excitation with polariza- - gatisfy the Schisdinger equation

tion parallel or perpendicular to the wire axis.

The optical absorption spectrum of a cylindrical quan- { 1 ( de

2
tum wire was recently calculated by Hughes and Citrin[4] 2me, Pe ?A) + VQD] On = Endh, @
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wherem, is the effective masgpe=—ihVe, and Vs, de- Equations (2) and (3) describe the space-time evolution
scribes the T-wire potential due to material bandgap differ- of the interband optical polarizatioR(z,t) and the car-
ences. This potential is a function of the lateral coordinates, rier occupation:(z,t). The effect of this occupation is to

in a cross-section plane of the wire, with periodic boundary bleach the absorption due to phase-space filling. We have
conditions. The magnetic field treated Satinger equation  not included in the present calculation nonlinear terms in
through a gauge that preserves the translational invarianceegs. (2) and (3) responsible for bandgap renormalization,
along the wire, i.e.A = A(re) Bx.z. The equation  vertex and local-field corrections. These terms are important
for heavy holes is obtained similarly. Spin mixing was not when treating high-density, or high excitation situations.
considered in the valence band states calculations, such that

a parabolic band approximation for the heavy holes were

assumed with anisotropic effective masseg,=m,,., and
Mhpy-

couples the free carrier motion along the wire with the con-
fined motion in the lateral plane (perpendicular) of the wire.
As our pair electron-hole are created with zero center-of-

mass momentum, the correlation of the e-h relative mo-

tion results in momentum distributions for the electrons
and holes around the zero momentuin=0. Therefore

The cross term of the square term in the equation above3 Results and discussion

We have investigated a T-wire system made of
GaAs/Al 3Ga 7As semiconductors for which the effec-
tive mass for electron is.=0.067n, and heavy hole are
Mpz=mp.=0.13n and my,=0.34m, with m, being the
free electron mass. The effective masses are considered f

we neglect that cross term, and the square term resultg,q the same for the well and barrier materials. The potential

(pe — 9A)® ~ —h2V2 4 (¢.B/c)* 22. The latter induce

barriers, due to bandgap energy difference of such materials,

a confinement of the electrons and holes around the wire,are for the conduction electrdrie=219.7 meV and for the

yielding energy shifts of the electron and hole subbands.
Both Schibdinger equations, for electrons and holes,
were solved numerically[5] for the ground-state wavefunc-

tions ¢ (z., y.) andof (zn, yn)-

2.1 Optical absorption

The optical absorption is calculated from the interband po-
larization whose time evolution is given by the SBE. We
consider an optical pulse exciting states around the ban

gap, such that only the lowest conduction and the highest
valence subbands of the wire participate. Coulomb interac-
tion between the electron and hole is then included, and the

valence heavy hol&"=134.6 meV. The dielectric constant

used isey,=13.k. The investigated system is similar to

previously studied experimentally [1] and theoretically [2].
It has an arm quantum well of width 5.6 nm and a stem
quantum well of width 5.1 nm.

We investigate also the effect of a static electric field ap-
plied along the wire axis. The electron and hole in the exci-
ton is pulled apart by the field introducing an additional po-

dentialeF'z to the effective Coulomb potentidf(z), which

has no e-h bound eigenstate associated with it. Here we fo-
cus our attention only on the fundamental exciton transition.

In Fig.(a) we plotted the absorption peak, relative to the

semiconductor Bloch equation in real-space representatiorcontinuum onset, for different applied magnetic fields as a

reads [6, 7]
1hO P (z,t) = HP(z,t) + doE(t) |2n(z,t) — Li(2)|, (2)

ithon(z,t) = —doE(t)P*(—z,t) + dSE* (t) P(2,t), (3)
where

h2 82
—— @

21 0z
with L being the wire length;=z;, — z. the relative e-h co-
ordinate along the wiref" an applied longitudinal electric
field, 1 the e-h reduced masg('=m_ ' + m;, ), do the
interband dipole moment;, the bandgap energy (or better,

the onset of the continuum of free states in the wire) and
E(t) the optical pulse. The relaxation rdteaccounting for

+V(z)+eFz+ E; —ihl,

scattering processes causing dephasing of the optical polar

ization, is treated within the relaxation time approximation.
The effective potential/(z) is calculated using the ground
state wavefunctions obtained in earlier section, that is

2 [y [, 1860 16 (on)
Ve ==t [ [

’ 2

®)

function of the electrical field. The binding energy enhances
slightly and then recovers. The inset of Fig.(a) shows the
optical absorption considering=4 T, for =0 (dotted line)
and for F'=4.5 kV/cm (solid line). We see that the effects
of the static electric field are (i) to broaden the fundamental
exciton peak, (i) to shift the peak, and (iii) to produce the
characteristic Franz-Keldysh oscillations in the continuum
part of the spectrum. In Fig.(b), we observe that the broad-
ening of the fundamental line increase with magnetic field.
The linewidth broadening is related to the reduction of the
lifetime of the exciton state, which becomes unstable due to
the electric field. The inset Fig.(b) shows that the different
curves of Fig.(b) can be fitted essencially in the same one
when plotted as a function of a convenient scaled electrical
field F* [6] which is related to the field necessary to ionize
the exciton.

So far we have not considered the carriers population,
n(z,t) = 0, in the SBE, i.e. the bleaching effect. It is nec-
essary to solve Egs. (2) and (3) together. In this case, the
absorption is dependent on the intensity of the optical pulse
Ey. The bleach of the absorption due to phase-space filling
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occurs, and a negative absorption is observed in the case of In conclusion, we have investigated the fundamental

strong optical pump [6].
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Figure 1. (a) Peak position relative to the onset of the wire con-

tinuum and (b) linewidth (FWHM) of the fundamental magnetoex-

citon transition from the absorption spectra as a function of the
electric field applied along the wire for different values of magnetic

magnetoexciton state in T-wire semiconductor. The effec-
tive Coulomb potential was numerically calculated from the
ground-state wavefunctions for the electron and hole in the
a realistic T-wire. The binding energy and the linewidth of
the fundamental magnetoexciton state were obtained from
the semiconductor Bloch equation. It was observed an en-
hancement of the exciton binding energy with the magnetic
field strength, [2] and a blue shift of the fundamental transi-
tion was seen, as experimentally observed. [1] The linewidth
broadening fro different magnetic field strength can be fitted
in one curve scalling the electric field by the exciton binding
energy and Bohr radius.
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