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Abstract. We study single electron tunnelling from the barrier in the binary InAs/GaAs
quantum structure including quantum well (QW) and quantum dot (QD). The tunneling
is described in the terms of localized/delocalized states and their spectral distribution.
The modeling is performed by using the phenomenological effective potential approach for
InAs/GaAs heterostructures. The results for the two and three-dimensional models are
presented. We focus on the effect of QD-QW geometry variations. The relation to the PL
experiments is shown.

1. Introduction
Weakly coupled binary semiconductor nanoscale systems demonstrate perspectives for nano-
sensor applications due to high sensitivity of electron localization and resonance tunnelling
between the objects of the system on symmetry violation [1]. The single electron tunneling
properties of one dimesional (1D), 2D and 3D structures as well as double quantum wells
(DQWs), double quantum dots (DQDs), and quantum rings (DQR) are well known. The electron
spectra of such quantum objects in two- and three dimensional (2D and 3D) were studied in
previous works [2] with relation to the electron localizations and tunneling between the objects.
The wave function of electron may be localized in one of the QDs or be delocalized when it
is spread over the whole system. Tunneling occurs in the last case. In the condition of weak
coupling objects, electron wave function can be localized in the both objects but with different
probability. We explore experimental possibility for optical registration of electron localizations
in binary quantum systems. In this work we focused on the resonance tunneling in 3D/1D and
2D/1D nanoscale InAs/GaAs dot-well complex. This complex has the mixed spectral structure:
discrete spectrum for QD (in 3D and 2D) and continuous spectrum for QW when this QW is
considering in three- or two-dimensional space [3, 4, 5]. Our modeling carrier transfer from the
barrier in InAs/GaAs dot-well tunnel-injection structure is performed by using the band gap
model based on the effective potential [6, 7]. It has to be stressed that the tunneling is described
in the terms of localized/delocalized states and their spectral distribution [2]. We have simulated
the main effect of the optical PL experiments given by Yu. I. Mazur et al. in [8].
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⟨z⟩ ≈21 nm. In Fig. 4(Right) we illustrate the tunneling and show the electron wave functions
for the different energy levels.

In Fig. 5, we present the results of numerical modeling for tunneling taken a place in the
2D-1D QD-QW complex. One can see in Fig. 5 (Left) that the QD and QW may be described
as separated for large barrier thickness. The electron spectrum relates to single QD or QW.
Corresponding localization is noted as ”QD” or ”QW” in the figure. The tunneling occurs for
the lowest QW level (or higher confinement state of QD) when a is decreased to 8 nm and
electron is localized in QD and QW, with ⟨y⟩ ≈9 nm. This property is again directly related to
the experiments [8]. Experiments given in [9] can be modeled by increasing the size of QD-QW

Figure 5. The spec-
tral distribution of lo-
calized/delocalized states
in 2D InAs/GaAs dot-
well complex for differ-
ent barrier thicknesses,
a. (Left) a=20 nm
and there are no delocal-
ized (tunneling) states.
(Right) a=8 nm.

complex. The schematic description of the PL experiments [9] is presented in Fig. 6.

Figure 6. Schematic description of the PL
experiments from [9]. Electron confinement
structure and energy levels. The tunneling
between QD and QW is shown by horizontal
arrows.

The results of numerical modeling for tunneling taken a place in reconfigured 2D-1D QD-QW
complex are presented in In Fig. 7. The calculations were performed for different value of the
barrier thickness a. Once more, one can see that the tunneling is possible when the QD and QW
are enough close. The tunneling is occurred through higher levels of discrete spectrum of QD and
quasi-continuous spectrum of QW. Comparing this result with the QD-QW experiment one can
conclude that the QW in experiment has quasi-continuous spectrum too. Our interpretation for
this fact is that region of interaction between QD and QW is local and has a limitation by size of
QD-QW interface B. The spectral level energy can be evaluated as L2/B2, where L = 1, 2, 3, . . .
for each bands generated by the QW thickness.

4. Conclusion
We modeled the resonance tunneling in InAs/GaAs QD-QW complex including 2D (3D) and
1D quantum objects in terms of localized/delocalizad states of electron confinement spectrum
according the formalism of two-level quantum systems. This simulations covers the main
phenomenons of the optical PL experiments given by Yu. I. Mazur et al. in [8] and [9]. It
was shown that the resonance tunneling spectral distribution depends on geometry factors of
the QD-QW complex which can be predicted in theoretical simulations. The optical registration
of electron localization in binary quantum systems can be used in new nono-sized devices.
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Figure 7. The spectral distribution of localized/delocalized states in 2D InAs/GaAs dot-well
complex for different barrier thicknesses a) a=2 nm, b) a=6 nm and c) a=12 nm. Delocalized
states are shown in red.
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