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Abstract. Mechanical strains taking place in GaSb/InAs heterosystem in the presence of 
misfit dislocation network are investigated. Distributions of energy of strains and 
deformations in the system with misfit dislocation network were found using two-
dimensional simulation. The radius of the dislocation core, depths of the strain 
penetration into the substrate and epitaxial layer as well as change of the material 
bandgaps near the heterointerface were calculated. 
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1. Introduction 

In recent years, properties of broken gap II type 
heterojunctions based on InAs and GaSb solid solutions 
are widely used for production of different 
optoelectronic devices [1]. Also the GaSb/InAs 
heterojunction is very promising for manufacturing the 
tandem thermophotovoltaic converters, because there is 
no need to form a tunnel diode between an upper (based 
on GaSb) and lower (based on InAs) cascades [2]. 

Misfit of lattice parameters (≈0.7 %) leads to 
forming the network of misfit dislocations at the 
heterointerface. The availability of dislocations causes 
appearing the non-uniform fields of elastic strains, local 
change of bandgap and appearing the charge regions 
near a dislocation core [3]. All these defects can 
significantly decrease a quality of devices, manufactured 
using these structures. That is why, the aim of this work 
is calculation of strain fields that appear around 
dislocations in the GaSb/InAs heterosystem.  

2. Calculation model 

As a base for these calculations, the Van-der-Merwe 
approach was used [4]. According to this model, it 
assumed that an equilibrium position for the epitaxial 
layer atom (or finite element) is the position when an 
upper atom is located just over the lower one. A 
dislocation appears when displacement between atoms 

of the epitaxial layer and substrate reaches a half of the 
lattice parameter (Fig. 1). The distance between misfit 
dislocations was taken in accord with [4] 
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where as, al are the lattice parameters of substrate and 
epitaxial layer materials, respectively. The structure with 
misfit dislocation network is periodic with the period ld 
and symmetric with respect to x = 0. That is why, the 
region of simulation was limited by [ ]2/;0 dlx∈ . 

Strain and deformation distributions in the 
considered structure are described by the following set 
of equations: 
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with the boundary conditions 
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Fig. 1. Model of misfit dislocation formation. 
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Here χ is the strain function, σi,j, ui,j are the 
components of tensors for strains and deformations, 
respectively, ux is the x-component of the displacement 
vector, h is the thickness of the epitaxial layer,  fx(x), 
fy(x) are the x- and y-components of the specific force of 
atom interaction at the heterointerface. E(y) and μ(y) are 
Young’s module and Poisson’s ratio that are defined by 
the following expressions: 
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where ЕGaSb, ЕInAs, μGaSb, μGaSb are Young’s modules and 
Poisson’s ratios of GaSb and InAs, respectively, which 
have been calculated from the elastic constants [5] (for 
GaSb: C11 = 88.49 GPa, C12 = 40.37 GPa, C44 = 
43.25 GPa; for InAs: C11 = 83.29 GPa, C12 = 45.26 GPa, 
C44 =39.59 GPa). The latter two equations of (2) describe 
the system symmetry. To realize the simulations of the 
deformation distribution described by the equations (1) – 
(4), the method of finite elements [6] was used. But 
using the forces of atom interaction fх(x) and fу(x) in this 
simulation in accord with any adequate atom interaction 
model (for instance, the Peierls-Nabarro model [7]) led 
to a nonlinear or, depending on the accepted interaction 
model, transcendent equation set resulting in significant 
complication of the calculations. To avoid a necessity of 
consideration of interaction at the heterointerface, an 
intermediate layer with the thickness in a finite element 
was introduced between the substrate and epitaxial layer. 
Physical parameters of the intermediate layer were taken 

as averages of relative parameters of the epitaxial layer 
and substrate. Initial non-equilibrium state has been 
chosen as follows. All deformations are localized in the 
intermediate layer. The substrate and epitaxial layer are 
unstrained, and the intermediate layer is deformed in 
such a way to fit one its side, which is in contact with the 
epitaxial layer, to the epitaxial layer lattice and the other 
side to the substrate lattice simultaneously (see Fig. 2). 
Dotted lines and arrows show positions of intermediate 
layer atoms in the unstrained state and their 
displacement directions. 

The initial displacement of nodal points of the 
intermediate layer elements with respect to their 
equilibrium states was defined as follows: 
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for the interface of the intermediate layer – epitaxial one 
and 
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for that of intermediate layer – substrate, where Δх is the 
dimension of the finite element of the intermediate layer 
along the Ox-direction, i is the number of finite 
elements, imax is the quantity of finite elements along the 
Ox-direction. 

 
Fig. 2. Initial state of the structure for simulation with the 
method of finite elements. 

 
Fig. 3. Distribution of strain energy F(x,y) in GaSb/InAs hete-
rostructure with misfit dislocation network. Insertion contains 
the distribution of strain low energies. 
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3. Results and discussion 

As a result of the calculations, the dependence of the 
strain energy distribution F(x,y) was obtained. 
Distribution of the strain energy for the 70 nm thick 
epitaxial layer of is shown in Fig. 3. Insertion in Fig. 3 
represents a distribution of low strain energies. 
Distributions of the components of the strain tensor 
σхx(x, y), σyy(x, y), σхy(x, y) are shown in Fig. 4a, b, c, 
respectively. 
 

 

 
 

 
 
Fig. 4. Distribution of strains in the GaSb/InAs heterostructure 
with the misfit dislocation network. Components of the strain 
tensor: σхx(x, y) (a), σxy(x, y) (b), σyy(x, y) (c). 
 

Based on the simulation results, it can be found that 
strains are localized near the heterointerface and reach 
the maximum value close to 2 GPa in the dislocation 
core. Practically (see insertion in Fig. 3) the strain 
penetration depth into the substrate can be estimated 
approximately as 15…20 nm and into the epitaxial layer 
– as 20…25 nm, although the weak residual σyy 
component of the strain tensor remains at the depths of 
50…60 nm (Fig. 4c). 

The radius of the dislocation core can be estimated 
from Figs 3, 4 and equals 5…7 nm. For values of 
deformation potential 12 and 11.5 eV for GaSb and 
InAs, respectively [5], change of the substrate and 
epitaxial layer bandgaps at the heterointerface of 
dislocation core equals 3.6 and 7 %, respectively, and 
disappears at the distance close to 20…25 nm from the 
heterointerface. 

4. Conclusions 

As a result of simulation of mechanical strains taking 
place in the GaSb/InAs heterosystem in the presence of 
misfit dislocation network, it was found that the depth of 
strain penetration into the substrate reaches 15…20 nm 
and in the epitaxial layer – up to 20…25 nm. The radius 
estimated from strain dislocation distribution is about 
5…7 nm. It was shown that the change of the bandgap of 
substrate and epitaxial layer materials does not exceed 
3.6 and 7 %, respectively. 
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