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It was shown employing the functional density approach that interfer-
ence effects resulting from finite size of the cap layer can modify substan-
tially the absorption line shape connected with bound-to-continuum intra-
band transitions in quantum wells.
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In recent papers [1, 2] the problem of quantum well (QW) structures in the
vicinity of a high potential with a finite-size capping layer has been discussed. The
authors have shown that if a thin cap layer is used, an infinitely high potential
which represents the external surface of the semiconductor modifies the energy
distribution of carriers around the well. This modification is particularly impor-
tant for the continuum states because their wave functions are not restricted to
the well region. In this paper we present theoretical evidence on the strong in-
fluence of the above modification on the absorption line shape connected with
bound-to-continuum intraband transitions. The case of infinite-size cap layer (i.e.
regular QW) was considered in our previous papers [3, 4].

The absorption of a single quantum well (if we neglect many body correc-
tions) is proportional to Rec, (w) where o, (w) is the 2z component of the complex
two-dimensional (2D) conductivity tensor given by [5, 6]
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where I' is the phenomenological parameter describing the line broadening in-
duced by the electron scattering, wyy = (£y — E1)/h, m is the effective mass,
fip = 2mwyg|(ds|z|41)|2/h is the oscillator strength corresponding to |1) — |f)
transitions and N, is the electron concentration in a unit area. We assume that
only ground subband is occupied.

The depolarization effect (DE) and the exciton-like effect (EE) can be in-
cluded replacing o,,(w) by modified 2D conductivity tensor &,,(w) [5]
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where vy is the exchange-correlation potential, n(z) = N,|¥;(2)|? and ¢ is the av-
eraged dielectric constant of constituent materials. U is the transformation matrix
which we define in such a way that A = U~ ' AT is diagonal.

We have performed the numerical calculations of the spectral dependence
of Re?,;(w) and Reo,;(w) for the resonant GaAs/AlGaAs QW system, i.e. when
the second subband E; coincides with the top of the barrier. For simplicity we
have neglected: (i) the position and energy dependence of the effective mass,
(ii) the influence of the electron—electron interaction on the energy spectrum of
the system [3, 4]. The energy and the wave function of the ground state were
obtained.assuming that the ground level is localized in the narrow QW of width a
and depth U. The energies and wave functions of the final (continuum) states are
calculated in usual way (see for example Ref. [7]) assuming that these states are
confined in a larger box with width L >> @ and infinite potential at the ends. The
integrals appearing in the expressions for &,,(w) and ¢,,(w) have been calculated
numerically taking L = 9000 A. We have checked that increase in L over the
above value does not affect the absorption spectrum for the broadening parameter
used here. The number of final energy levels in the large box was adjusted so that
the absorbance is insensitive to the further increase in the number of the levels
incorporated. In our calculations we take the electron effective mass m = 0.066my,
the line broadening parameter I" = 7.5 meV, dielectric constant ¢ = 11 and the
electron concentration in a unit area N; = 1012 cm—2.

Figure 1 shows the absorption as a function of photon energy for resonant
GaAs quantum wells (E2 = U) with different sizes of the cap layer (Ly) but the
same value of separation energy U — E; between the top of the barrier and the
ground subband. We find that difference between the line shape for the regular
QW [Lp, = (L — a)/2] and for the semi-infinite QW (L, = 0) is very small.
Much more interesting is the case of the finite size of the cap layer. For Ly, in the
range 100-1000 A we observe very well-pronounced oscillations in the absorption
spectrum (connected with the energy-dependent oscillations in the probability of
finding the electrons in the cap layer and QW region). It is interesting to note that
many body effects (the DE with the EE correction) not only shift the position of
the absorption peaks, but also (apart from the main peak) increase their height.
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Fig. 1. Absorption characteristics as a function of photon energy %iw for the resonant
GaAs QWs with U — E; = 102 meV and diflerent sizes of the cap layer. (a) Semi-infinite
QW with @ = 91 A and U = 145 meV; (b) regular QW with a = 60 A and U = 158 meV;
(c) QW with L, = 300 A, a = 61 A and U = 156 meV.
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