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Abstract 

The theoretical model of process of frequency modulation of radiation at recombination transition between the ground states of electron 
and hole in InAs/GaAs heterostructure with InAs/GaAs quantum dots by means of an acoustic wave is constructed. Character of 
dependence of amplitude of frequency modulation from frequency of an acoustic wave is established. The theoretical model of process of 
modulation of the direction of radiation of the InAs/GaAs heterolaser with InAs quantum dots (QDs) under the influence of the acoustic 
wave is constructed. The character of the dependence of amplitude of a corner of deviation of the heterolaser on the acoustic wave frequency 
and geometrical sizes of quantum dot is determined. 
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1 Introduction 

Future progress in the development of heterolasers is 
connected with the application of structures with QDs in 
their active region [1-3]. Semiconducting heterostructures 
InAs/GaAs with InAs QDs have a high quantum yield of 
photoluminescence, being a promising material for the 
creation of lasers is the near infrared spectral region [1]. QD-
based lasers demonstrate considerably better properties as 
compared with lasers based on quantum wells. The former 
have a higher laser gain, they are completely insensible to 
the lattice temperature, and the quantum energy of radiative 
recombination for them is much easier to be controlled [2]. 
Sources of infrared radiation, which can quickly change the 
oscillation frequency and the emission direction, are 
important elements of high-resolution laser spectroscopy 
and optical communication systems [3]. One of the 
important research directions is a possibility to control the 
lasing frequency of QD-based heterolasers. An important 
factor that affects the spectral characteristics of radiation 
emitted by InAs/GaAs heterosystems with InAs QDs is the 
elastic deformation [4, 5]. For instance, in work [5] the 
influence of the field of internal elastic deformations, which 
is a result of different coefficients of thermal expansion and 
of discrepancy between the lattice parameters in the QD and 
matrix materials, was studied. The external stresses can also 
affect the electron subsystem in semiconducting hetero-
systems [4]: they can change the energy spectrum of charge 
carriers, the energy gap width and the frequency of emitted 
radiation, respectively. 

In this work a theoretical model for the modulation of the 
energy of recombination radiation of InAs/GaAs heterosys-
tems with InAs QDs by an acoustic wave has been developed. 

2 Model 

Consider an InAs/GaAs nanoheterosystem with strained 
spherical InAs QDs, which undergoes an acoustically 
induced deformation. 

Since the lattice constant of the InAs material (a1 = 0,608 
nm) is larger than that of the GaAs matrix (a2 = 0,565 nm), 
then, during heteroepitaxy in the limits of the 
pseudomorphic growth of InAs on GaAs, InAs is 
compression-strained while GaAs is tensile-strained. 
Therefore, the spherical QD can be represented as the elastic 
dilation microinclusion in the form of a sphere of radius R0, 
which is incorporated into a spherical void in the GaAs 
matrix. The volume of the void is smaller than the volume 
of the microinclusion. In order to insert such a spherical 
microinclusion, it is necessary to compress it in theradial 
directions and, contrarily, the GaAs matrix should be tensed 
in the limits of a sphere. 

In the case of heterostructures with strained QDs, the 
depth of the quantizing potential is determined by both the 
internal deformation in the contacting QD and matrix 
materials, which arises owing to the mismatch between the 
lattice parameters in them, and the deformation induced by 
the acoustic wave. 

The shifts of the edges of both allowed energy bands as 
a result of elastic straining can be expressed as  
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enough, one may expect that the stationary characteristic 
functions of the energy operator calculated for the given 
time moment will approximate the solutions of the 
Schrödinger equation. Therefore, any characteristic function 
found for a definite time moment continuously transforms 
into corresponding characteristic function for a latter time 
moment (the adiabatic approximation). 

3 Energy spectra of electrons and holes, modulation of 
the energy of radiation in the strained InAs/GaAs 
heterosystem with spherical InAs QDs 

The amplitude of the energy modulation for radiation the 
corresponds to the recombination transition between the 
ground states of an electron and a hole in the InAs/GaAs 
heterosystem with the InAs QDs depends considerably on 
the QD radius. In particular, if the QD radius is reduced from 
9 nm to 3 nm increase of the energy modulation amplitude 
from 0,38 meV to 1,17 meV at 0 = 150 bar ( 0  is the 
amplitude of the mechanical stress created by an acoustic 
wave at the matrix surface). This can be explained by the 
fact that quantum dots with smaller dimensions are more 
sensitive to deformation. 

The theoretical calculation of the energy modulation 
(spectral line width), which were carried out in the 
framework of the presented model, qualitatively coincide 
with the experimental data obtain in works [6]. In this paper, 
according to spectral analysis found that in heterostructures 
on InAs/GaAs/AlGaAs influenced acoustic wave is 
modulated radiation energy and expansion of the emission 
lines in their time-averaged spectra. 

Acoustic wave, which is the source of periodic non-
homogeneous elastic deformation, leads to a periodical 
changes of components of the tensor of dielectric 
permeability of the heterostructure’s material. Thus, 
acoustic-optic interaction leads not only to change of 
refraction coefficient with time, but also to its non-
homogeneous spatial distribution perpendicularly to the 
resonator. Therefore, the direction of radiation of the 
heterolaser will be changing with time. 

To determine the heterolaser’s direction of radiation 
deviation angle there have been calculated components of 

tensor of deformation material of the quantum dot and 
matrix that undergo the influence of an acoustic wave. 

It has been established, that the direction of radiation 
amplitude of the deviation angle depends on the acoustic 
wave frequency, length of resonator and sizes of quantum 
dots. The maximum deviation is observed at the moment of 
time when there is no shift of the radiation frequency. 

The emission direction modulation amplitude is 
governed by the deformation gradient, which depends on 
both the acoustic wave frequency and the deformation 
amplitude. If the acoustic wave frequency ω increases from 
107 s−1 to 61010 s−1, the angle deviation amplitude grows as 
αmax – ω3. The further increase of the acoustic wave 
frequency is accompanied by a non-monotonous variation 
of the heterolaser-emission deviation angle, with a 
maximum located at the frequency ω ≈ 1011 s−1, which is 
associated with the growth of a deformation amplitude in the 
QD material. The growth of a deformation occurs as a result 
of the approach of the acoustic wave frequency to the 
characteristic vibration frequency of QD atoms. 

4 Conclusions 

The electron-deformation model of nanoheterosystem with 
QDs, which is under influence of acoustic wave, is 
constructed. The uniform deformation of InAs/GaAs 
heterostructure with InAs QDs is calculated. The offered 
approach takes into account as a strain, caused by a misfit of 
parameters of lattices of contacting materials, and the 
influence of acoustic wave on intense state of heterosystem 
with QDs. The reduction of the QD radius is shown to result 
in an increase in the modulation amplitude of the radiation 
energy, which is explained by the growth of deformations in 
the QD material. 

A theoretical model for the direction modulation of 
emission from an InAs/GaAs heterolaser with InAs 
quantum dots under the influence of an acoustic wave has 
been developed. As the QD dimensions become smaller, the 
direction modulation amplitude for the emission from an 
InAs/GaAs heterolaser grows, which is explained by an 
increase of the deformation gradient in the QD material. 
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