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O N Al

Strain induced by lattice mismatch is a fundamental characteristic of self-assembled
InAs/GaAs quantum dots and plays an important role in determining their local
mechanical state and, consequently, their potential electronic and optoelectronic
behavior. In this work, an aspect-ratio-dependent computational strain library built
inside a MATLAB-based reconstruction framework is used to examine the three-
dimensional distributions of hydrostatic and biaxial strain in a square-based pyramidal
InAs/GaAs quantum dot. The computational method uses geometric symmetry
expansion and three-dimensional spatial interpolation to obtain the strain distribution
over the specified computational domain by reconstructing the spatial strain field from
precomputed strain data corresponding to chosen quantum-dot aspect ratios. The
normal components of the strain tensor are used to derive the hydrostatic and biaxial
strain components, which offer complementary explanations of the local deformation.
The biaxial strain is defined as & B=¢ xxte yy-2¢ zz, which represents the
directional difference between the in-plane and growth-direction deformation, while
the hydrostatic strain is defined as ¢ H=¢ xx+e¢ yy+te zz, which represents the
volumetric component of deformation. The analysis takes into consideration the
significant lattice mismatch between Ini/0iAs and GaAs and investigates the spatial
properties of the reconstructed strain fields with respect to the aspect ratio and
pyramidal quantum-dot geometry. A highly non-uniform strain distribution is
revealed by the reconstructed three-dimensional data, especially in the quantum-dot
region and close to the InAs/GaAs heterointerface. Within the InAs quantum dot, the
hydrostatic strain responds primarily in a compressive manner before gradually
relaxing spatially toward the surrounding GaAs matrix. The anisotropic nature of the
local deformation and the distinction between the in-plane and growth-direction strain
components are reflected in the biaxial strain's more varied distribution. The minimum
and maximum strain values, along with the accompanying spatial coordinates,
centerline profiles, cross-sectional distributions, interface behavior, and spatial
relaxation, are used for quantitative characterization. Beyond the qualitative
interpretation of color maps, these characteristics offer a repeatable foundation for
assessing the reconstructed strain field. The findings show that the amount and spatial
localization of the reconstructed hydrostatic and biaxial strain components are
influenced by lattice mismatch, quantum-dot geometry, and aspect ratio. The resulting
three-dimensional strain fields can be used as input for later deformation-potential,
multiband k-p, or atomistic electronic-structure computations, and they offer a
quantitative mechanical description of the pyramidal InAs/GaAs quantum-dot system.
Crucially, the current study does not explicitly compute electronic band structures,
carrier wave functions, optical transition energies, emission spectra, carrier transport,
or device performance; instead, it is limited to mechanical strain reconstruction.
Therefore, conclusions concerning these properties require an additional electronic-
structure model.

© 2026 The Authors. This work is licensed under a Creative Commons Attribution 4.0 License. For more information,

see https://creativecommons.org/licenses/by/4.0/

1. Introduction

drawn a lot of attention among the III-V semiconductor

Because of their three-dimensional carrier confinement,
which produces discrete electronic states and permits the
tailoring of optical transition energies, self-assembled
semiconductor quantum dots (QDs) are significant
nanoscale structures for optoelectronic applications [1-4].
Due to its significant lattice mismatch and importance for
quantum-dot  lasers,  photodetectors, and other
optoelectronic devices, InAs/GaAs quantum dots have
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systems [5]. When InAs islands are coherently generated
within or on a GaAs matrix, there is a significant lattice
mismatch since the bulk lattice constants of InAs and GaAs
are roughly 6.0583"A" and 5.6533"A," respectively. The
quantum dot and the surrounding semiconductor material
experience elastic deformation as a result of this mismatch
[6-9].

The resulting strain field is inherently non-uniform and is
not confined to the volume of the quantum dot. Rather, the
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elastic deformation is spatially dependent on the boundary
conditions, quantum-dot shape, and material mismatch and
extends into the surrounding GaAs matrix [10,11]. A
reliable description of this strain field is therefore essential
for characterizing the mechanical state of the
heterostructure and for providing appropriate input to
subsequent calculations of strain-dependent electronic
properties. In particular, hydrostatic and biaxial strain are
useful quantities for describing complementary aspects of
the strain tensor in zinc-blende semiconductor quantum
dots. The hydrostatic component represents the volumetric
deformation, whereas the biaxial component describes the
directional difference between the in-plane and growth-
direction deformation [12,13].

Strain in silicon quantum dots has been described using a
variety of theoretical and computational methods.
Continuum elasticity has been used to quantum dots with
various geometries and offers an effective framework for
getting analytical or semi-analytical answers. For instance,
formulations based on Green's function have been created
for quantum dots of any shape, taking into consideration
the impact of elastic anisotropy [13,14]. Additionally,
analytical treatments for buried pyramidal quantum dots
have been proposed, showing that the quantum-dot shape
and the assumptions made for the elastic media have a
significant impact on the strain's amplitude and spatial
distribution.

These approaches provide valuable physical insight while
offering relatively efficient descriptions of strain
distributions[15,16].

Atomistic methods provide a complementary approach by
explicitly describing the relaxation of individual atomic
positions. Such methods are particularly relevant for highly
strained semiconductor heterostructures, where local
structural effects near interfaces, edges, and vertices may
be important. Previous atomistic investigations have
demonstrated that the strain distribution in InAs/GaAs
quantum dots depends strongly on the quantum-dot aspect
ratio and geometry[17,18]. The universal-strain framework
introduced in previous work further demonstrated that
aspect-ratio-dependent atomistic strain distributions can be
represented using compact strain descriptions, thereby
providing a practical connection between detailed
atomistic  calculations and computational strain
reconstruction[19].

Despite these developments, an important distinction must
be maintained between strain generation and strain-field
reconstruction. A computational framework based on
precomputed strain data does not constitute an independent
elasticity or atomistic relaxation solver. Instead, its
reliability depends on how the underlying strain data are
represented, selected, transformed, and interpolated
[20,21]. Consequently, a reproducible reconstruction
procedure should explicitly define the material system,

quantum-dot  geometry, aspect-ratio  dependence,
coordinate system, spatial normalization, symmetry
operations, interpolation procedure, and physical

definitions of the reconstructed strain quantities. Without
such information, three-dimensional strain maps may be
difficult to reproduce or to interpret quantitatively [22].

Previous studies have established analytical, continuum,
and atomistic methodologies for calculating strain
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distributions in semiconductor quantum dots. However, the
systematic reconstruction and quantitative interpretation of
available three-dimensional hydrostatic and biaxial strain
fields for a pyramidal InAs/GaAs quantum dot remain
important from a computational and methodological
perspective [23,24]. In particular, there is a need to move
beyond qualitative descriptions based solely on color maps
and instead characterize the reconstructed fields using
numerical extrema, their spatial locations, centerline
profiles, interface behavior, and spatial relaxation [25,26].
The present study addresses this computational problem
using an aspect-ratio-dependent strain representation for a
square-based pyramidal InAs/GaAs quantum dot. The
supplied MATLAB framework employs a precomputed
strain library containing hydrostatic and biaxial strain data
for selected aspect ratios. When the requested aspect ratio
corresponds to a library entry, the associated strain field is
directly selected. For an intermediate aspect ratio, the
neighboring library solutions are interpolated with respect
to aspect ratio. The reconstructed field is subsequently
expanded according to the geometric symmetry of the
pyramidal structure and interpolated spatially to obtain the
three-dimensional strain distribution within a common
computational coordinate system [27-29].

The main objective of this work is therefore not to
introduce a new fundamental elasticity solution, but to
establish a systematic and quantitatively interpretable
procedure for reconstructing and analyzing the available
three-dimensional hydrostatic and biaxial strain fields.
Particular attention is given to the minimum and maximum
strain values, their spatial coordinates, centerline profiles,
behavior across the InAs/GaAs interface, spatial relaxation
into the surrounding GaAs matrix, and the influence of the
quantum-dot aspect ratio. Compared to qualitative
examination of three-dimensional color maps alone, this
method offers a more consistent interpretation of the
mechanical strain field. For later deformation-potential,
multiband k-p, or atomistic electronic-structure
computations, the reconstructed strain fields are meant to
offer a physically consistent mechanical input. Crucially,
electronic band structures, carrier wave functions, optical
transition energies, carrier transport, and device
performance are not directly calculated in this study. As a
result, the estimated strain fields provide the mechanical
foundation needed for such further analyzes, rather than
quantitatively inferring electrical and optical effects from
the strain distributions alone. As a result, the main
contributions of this work are:

Three-dimensional strain reconstruction: reconstruction of
hydrostatic and biaxial strain fields for a square-based
pyramidal InAs/GaAs quantum dot using an aspect-ratio-
dependent precomputed strain library.

1. Consistent strain characterization: explicit
definition and separation of the hydrostatic and
biaxial strain components and their adopted sign
conventions.

2. Quantitative spatial analysis: determination of

strain extrema, their corresponding spatial
coordinates, centerline profiles, interface
behavior, and spatial relaxation within the

quantum-dot/matrix system.
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3. Geometrical and aspect-ratio analysis: systemati-
examination of the influence of quantum-dot
geometry and aspect ratio on the magnitude an
latial localization of the reconstructed strain
components.

4. Basis for subsequent electronic analysis:
establishment of a quantitatively characterized
mechanical strain field that can be used as input
for  subsequent deformation-potential  or
multiband electronic-structure calculations.

2. Theory

The strain state of the InAs/GaAs heterostructure is
described by the symmetric strain tensor[30].

Exz sxy Exz
& — sxy syy syz (1)
Exz syz Ezz

Figure 1 illustrates how the stress is concentrated at the
dot's center, how it progressively diminishes toward the
edges or substrate, and how material differences and
crystal boundaries cause it to vary vertically as opposed to
horizontally[31,32].

Figure 1: Geometrical parameters defining a pyramidal
quantum dot in the center of the quantum dot in the
fundamental plane, is the coordinate system's origin
[33].

The InAs/GaAs system exhibits a substantial lattice
mismatch because the equilibrium lattice constant of InAs
is larger than that of GaAs. The lattice-mismatch parameter
is defined as [34]:

£y = AinAs — AGiaas (2

QAin As

where ajnas and ag, as denote the unstrained bulk lattice
constants of InAs and GaAs, respectively. Using

Anas = 6.0583, 0644 = 5.6533,
gives
&y = 0.06685 = 6.7% ... (3)

The lattice mismatch represents the initial misfit between
the two materials and should not be confused with the final
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local strain. The local strain results from elastic relaxation
and therefore varies spatially throughout the quantum-
dot/matrix system[35].

The hydrostatic strain is defined as the trace of the strain
tensor:

€ — Exx T &y + 55 . (4)

It represents the volumetric component of deformation. A
negative value corresponds to local volumetric
compression under the adopted sign convention, whereas a
positive value corresponds to local volumetric expansion.

The hydrostatic strain is dimensionless and must not be
described as pressure or stress. Hydrostatic stress is a
different mechanical quantity with units of pressure and is
not equivalent to hydrostatic strain.

For the [001]-oriented zinc-blende InAs/GaAs system, the
biaxial strain quantity used in the present analysis is
defined as

€ — Exz + &)y — 284, ... (5)

where x and y denote the in-plane directions and z denotes
the growth direction.
The biaxial component measures the difference between
in-plane and growth-direction deformation. Unlike the
hydrostatic component, it does not represent a change in
volume alone. It characterizes the deviatoric part of the
normal strain relevant to the splitting of valence-band
states in zinc-blende semiconductor models.

Strain-induced band-edge modifications are not directly
calculated by the present strain-reconstruction program.
Nevertheless, the calculated strain fields can be used as
input to a deformation-potential model.

Under a simplified deformation-potential treatment, the
conduction-band shift can be written as

AE: — acey ... (6)

while the heavy-hole and light-hole shifts can be expressed
in terms of the hydrostatic and biaxial strain components.
In a commonly used convention,

b
AEyy — ayey — ESB .. (7)

b
AE g — ayey + ESB ..(8)

where ac, ay, and b are the conduction-band hydrostatic,
valence-band hydrostatic, and shear deformation
potentials, respectively.

These equations are introduced to clarify the physical
connection between the calculated strain field and possible
electronic consequences. They are not used to claim
quantitative band-edge or optical results unless the
corresponding  deformation-potential  calculation s
explicitly performed[36,37].
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The supplied MATLAB implementation uses a
precomputed strain library. Each library entry corresponds
to a particular material system, quantum-dot shape, and
aspect ratio. For the InAs/GaAs pyramidal system, the

available aspect ratios are
B

AR = T 9

with

AR € {1,2,3,5,7,10,15,20} ... (10)
where B is the square-base length and H is the quantum-
dot height.
The MATLAB implementation first calculates the aspect
ratio from the user-defined base length and height. If the
requested aspect ratio is directly available in the library, the
corresponding data file is loaded. If the requested aspect
ratio lies between two available values, the strain fields
associated with the two neighboring aspect ratios are
spatially interpolated and then linearly interpolated with
respect to aspect ratio.
For an intermediate aspect ratio AR bounded by AR; and

AR,, the hydrostatic strain is reconstructed as
AR — AR, AR, — AR

eu(AR) — mfﬂ(ARﬂ + mSH(ARz) - (11)

and an analogous expression is used for the biaxial strain:

AR — AR,

eg(AR) — 7

AR, — AR (ARy) ... (12
RZ—AR]_ EB 2 ( )

eg(ARy) +A—R2 —AR,
The supplied implementation then expands the stored data
using the geometric symmetry of the square-based
pyramidal structure. Three-dimensional interpolation is
subsequently performed using MATLAB's griddata
procedure to reconstruct the strain field on the selected
spatial grid.

The strain values stored in the library are rescaled by a
factor of 10™* in the MATLAB implementation.
Consequently, the final reported strain values are
dimensionless.

The present computational implementation uses a
precomputed strain library to reconstruct the hydrostatic
and biaxial strain fields of pyramidal InAs/GaAs quantum
dots. Each library entry corresponds to a specified
quantum-dot geometry and aspect ratio. The aspect ratio is
defined as the ratio between the base length B : H and the
quantum-dot height

ar=5 a3
= (13)

For the available pyramidal quantum-dot configurations,
the strain library contains discrete aspect-ratio values.
When the requested aspect ratio coincides with one of the
available values, the corresponding strain field is directly
selected. When the requested aspect ratio lies between two
available values, the strain fields corresponding to the
neighboring aspect ratios are interpolated
For an aspect ratio AR located between AR, and AR,, the
reconstructed hydrostatic strain is given by
ey (AR) — wiey (AR,) + wyen (AR,) ... (14)
where the interpolation weights are
AR, — AR 15
w; ARZ—ARl"'( )

and
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AR - ARl

W2 B ARZ - ARl

. (16)

with
wy +w, —1..(17)

The same interpolation procedure is applied to the biaxial
strain field

eg(AR) — wye5(AR,) + wye5(AR,) ... (18)
This procedure provides a continuous estimate of the strain
field between the discrete aspect ratios represented in the
precomputed library

Following aspect-ratio selection or interpolation, the stored
strain data are reconstructed over the three-dimensional
computational domain. The spatial coordinates are
represented by:
r—(xvy2)..(19)

where x and y represent the in-plane directions and z
represents the growth direction
The reconstructed fields can therefore be expressed as:

ey —&u(x,y,2) ... (20)
and

&g —eg(x,y,2) ... (21)
Three-dimensional interpolation is then applied to obtain
strain values at the selected spatial coordinates. This
procedure allows the discrete strain-library data to be
represented as continuous three-dimensional, fields
suitable for visualization and quantitative analysis. The
resulting representation is subsequently used to determine
the spatial extrema, centerline profiles, and interface
behavior discussed in the Results section

Table 1: parameters of the InAs/GaAs system [38].
IParameter ||InAs ||GaAs|
l@ A) |l6.0583]|5.6533]
lC_{11}) (GPa)|[83.29 |122.1 |
lC_{12}) (GPa)|l45.26 |[56.6 |
[(C_{44}) (GPa)|[39.59 ]|60.0 |

To quantify the spatial variation of strain beyond the three-
dimensional color maps, profiles along selected directions
are extracted from the reconstructed fields. Along the
central growth axis, where x — 0 and y — 0, the hydrostatic
and biaxial strain profiles are expressed as

eq(z) —€4(0,0,2)..(22)
and

e (2) —€5(0,0,2) ... (23)
These centerline profiles provide a direct representation of
how the strain changes from the substrate through the
quantum-dot region and toward the upper part of the
computational domain Similarly, an interface profile can
be defined along a selected trajectory crossing the
InAs/GaAs boundary

gi(s) —e(r(s)) ...(24)

where s denotes the distance along the selected profile and
r(s) represents its spatial coordinates
The interface profiles are particularly useful for identifying
the spatial transition between the quantum-dot region and
the surrounding GaAs matrix. Rather than interpreting a
color transition qualitatively, the profile provides a
quantitative measure of the strain variation across the
interface. Because the geometry of a pyramidal quantum
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dot influences the distribution of elastic deformation, the
effect of aspect ratio is evaluated by comparing the
reconstructed strain fields for different AR values
For a selected strain quantity &, the variation between two
aspect ratios can be expressed as
Ag(ARy, AR,) — €(AR,) — €(AR,) ... (25)

For the extrema, the aspect-ratio dependence can be
evaluated using

ASH,min - gH,min(ARZ) - SH,min(ARl) (26)
and

AEB,rnin - gB,min(ARZ) - gB,min(ARl) (27)
The same procedure can be applied to the maximum
values. This quantitative comparison makes it possible to
determine whether changes in quantum-dot geometry are
associated with systematic changes in the magnitude and
spatial localization of the hydrostatic and biaxial strain
fields.

3. Results and Discussion
3.1 Three-Dimensional Hydrostatic Strain Distribution
The reconstructed hydrostatic strain field is first analyzed
throughout the three-dimensional computational domain.
Unlike a qualitative interpretation based solely on the color
scale, the strain distribution is characterized using its
minimum and maximum values, the corresponding spatial
locations, and the variation ,of the field along selected
profiles
The hydrostatic strain is calculated according to

SH(X:}’; Z) - gxz(x' Y, Z) + gyy(xl Y, Z) + gzz(x! YV, Z) (28)
The minimum and maximum values within the
computational domain are obtained from

Exmin =  min £y (x,y,2) ...(29)
and
Eymax —  Max ey(x,y,2) ..(30)
(x,y,2)EQ

where Q denotes the complete computational domain
The corresponding locations of the minimum and
maximum values are given by
Ty min — arg min g4 (r) ... (31)
reQ

and

Ity max — argmax ey (r) ... (32)
reqQ
These quantities provide a direct numerical description of

the spatial distribution shown in Figure 2.

0.05

40,

20+ 0
E o,
NN -0.05

20

40 T

40 -0.1

40
20 o0
Y [nm] 00 X [nm]

Figure 2: Three-dimensional distribution of hydrostatic
strain ey in the pyramidal InAs/GaAs quantum dot over
the selected computational domain.

www.ijarst.com

For the reconstructed pyramidal InAs/GaAs quantum dot,
the hydrostatic strain field exhibits a predominantly
compressive character within the strained InAs region,
while the surrounding GaAs matrix accommodates the
elastic deformation generated by the lattice mismatch. The
strain magnitude decreases spatially away from the region
of strongest deformation, demonstrating the localized
nature of the elastic, perturbation associated with the
quantum dot [6]. The three-dimensional distribution should
therefore be interpreted in terms of the calculated strain
values rather than solely according to the color
representation. In particular, the location and magnitude of
the minimum hydrostatic strain provide a more
reproducible indicator of the region experiencing the
strongest volumetric compression.

Figure 2 presents the three-dimensional hydrostatic strain
distribution. The corresponding numerical values of
€4, min» €1, max, and their spatial locations should be
reported directly from the reconstructed data

3.2 Biaxial Strain Distribution The biaxial strain field is
analyzed separately because it describes the anisotropic
component of the normal deformation and therefore
provides information that is not contained in the
hydrostatic component alone

The calculated biaxial strain field is given by

ep(%,¥,2) — xx (%, ¥,2) + €, (x,¥,2) — 26,,(x,¥,2) ... (33)

Its minimum and maximum values are determined from

€B,min — (xg%ieﬂeg(x, v,2) ...(34)
and
€Bmax — (xgl,?))éﬂglg(x' Y, Z) (35)

with corresponding positions
I's min — argmin gz(r) ... (36)
reQ

and
Ig max = argmax gz(r) ... (37)
reQ

The reconstructed biaxial field exhibits a stronger spatial
dependence near the quantum-dot/matrix transition than
would be expected from a purely uniform deformation.
This behavior reflects the difference, between the in-plane
and growth-direction components of the local strain tensor
Figure 3 presents the three-dimensional distribution of 5.
The regions of negative and positive biaxial strain should
be identified from the numerical values rather than from
color alone.

The minimum value represents the location of the strongest
negative biaxial component, whereas the maximum value
identifies the strongest positive component within the
computational domain. Because biaxial strain is associated
with anisotropic deformation, its spatial distribution is
expected to be particularly sensitive to the geometry of the
pyramidal quantum dot and to the transition between the
InAs inclusion and the surrounding GaAs matrix.
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Figure 3: Three-dimensional distribution of biaxial
strain B in the pyramidal InAs/GaAs quantum.

3.3 Centerline Strain Profiles

To complement the three-dimensional maps, the strain

fields are evaluated along the central vertical axis of the

quantum dot. The centerline is defined by
x—0,y—0..(38)

and the corresponding hydrostatic and biaxial profiles are
ef(z) —€4(0,0,2) ...(39)

and
eg(2) — €5(0,0,2) ... (40)

These profiles allow the strain variation to be examined
continuously along the growth direction
The centerline representation is particularly useful because
it removes ambiguity associated with the three-
dimensional color maps and allows the position of extrema
and the rate of spatial relaxation to be determined directly
The distance required for the strain to approach the
surrounding matrix value can be characterized by the
centerline profiles. If a reference strain value &,.; is defined
for the unperturbed matrix, the deviation from this
reference can be written as
be(z) — €°(2) — & .- (41)
€, €5 where €€ can represent either €f; or

3.4 Strain Behavior Across the InAs/GaAs Interface
The interface region is of particular importance because the
lattice mismatch is accommodated through, -elastic
deformation between the InAs quantum dot and the GaAs
matrix
For a profile crossing the interface, the strain can be
expressed as a function of the distance s along the: selected
trajectory
ey(s) — eH(r(s)) .. (42)
and
ep(s) — e5(r(s)) ... (43)
The spatial strain variation across the interface can then be
quantified by
Aey — €ymas — €H,Gaas - (44)
and
A":B — €BIn4s — €B,GaAs ' (45)
where the values are evaluated at defined positions on the
respective sides of the interface.
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The interface analysis provides a quantitative description
of the transition from the strongly perturbed quantum-dot
region to the less perturbed surrounding matrix. This
approach is preferable to describing the interface only as a
"blue-to-yellow" transition because it directly relates the
physical interpretation to numerical strain values.

Figure 5 represents a cross-sectional view of the same
three-dimensional biaxial strain field presented in Figure 3
and does not represent an independent computational
simulation.

_5 0.02
3 0.05, 0
= ‘
2 04 i 0.02
=
© -0.05 -0.04
»
L -0.1 -0.06
<
3 -0.15 -0.08
é 10 o1
T 0 10 -

0 -0.12

Zpm] 10 -10 Y [nm]

Figure 4: Cross-sectional distribution of hydrostatic strain
in the y-z plane through the center of the pyramidal
InAs/GaAs quantum dot.

c 0.1
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% .04
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0 0 -0.2
Zpm -0 -10 Y [nm]

Figure 5: Cross-sectional distribution of biaxial strain in
the y-z plane through the center of the pyramidal
InAs/GaAs quantum dot.
3.5 Comparison and Biaxial
Components
The two strain components describe different aspects of the
same deformation field. Hydrostatic strain represents the
volumetric component, whereas biaxial strain represents
the anisotropic difference between the in-plane and
growth-direction deformation [19].
Their relative magnitude at a given position can be
expressed as

lep ()]

R.(r) e (46)
where R, provides a local measure of the relative
contribution of the biaxial component compared with the
hydrostatic component. This ratio should only be evaluated
at locations where |g4| is sufficiently different from zero
to avoid numerical instability
Hasan
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3.5.1 Quantitative Comparison Between Hydrostatic
and Biaxial Strain

The hydrostatic and biaxial strain components represent
complementary aspects of the same strain tensor.
Hydrostatic strain describes the volumetric component of
deformation, whereas biaxial strain characterizes the
directional difference between the in-plane and growth-
direction components. Consequently, the two .quantities
are not expected to exhibit identical spatial distributions or
identical extrema

The comparison is therefore based on the following
quantitative descriptors: (i) the minimum hydrostatic
strain, (ii) the maximum hydrostatic strain, (iii) the
minimum biaxial strain, (iv) the maximum biaxial strain,
(v) the spatial coordinates of the corresponding extrema,
(vi) centerline strain profiles, (vii) strain behavior across
.the InAs/GaAs interface, and (viii) spatial relaxation away
from the quantum dot

This quantitative approach provides a more reproducible
basis for comparing the two strain components .than visual
interpretation of the color maps alone [39].

Table 2. Minimum and maximum values of the reconstructed hydrostatic and biaxial strain fields and their

corresponding spatial locations.
Maximum location Maximum Minimum location Minimum Strain
strain strain component
nm(xmax » Ymax » Zmax ) gH,maX nn’l(xmin » Ymin » Zmin ) ‘EH, min sH,Hydrostatic
nm(xmax » Ymax » Zmax ) SB, max nm(xmin » Ymin » Zmin ) EB, min EB7BiaXial

The values reported in Table 2 are obtained directly from
the reconstructed strain fields for the selected quantum-dot
geometry. The extrema are reported together with their
spatial coordinates to identify the regions of maximum
compressive and tensile deformation. This representation
enables the hydrostatic and biaxial components to be
compared quantitatively while preserving their distinct
physical definitions

Hydrostatic strain Electronic properties

Compressive Tensile

Conduction

N | f

Band gap
!

Energy

Valence
band

Figure 6. Hydrostatic and biaxial strain profiles along the
selected spatial direction, showing the variation of strain
from the quantum-dot region across the InAs/GaAs
interface and into the surrounding GaAs matrix.

3.6 Aspect-Ratio Dependence

The geometry of the pyramidal quantum dot plays an
important role in determining the spatial distribution of
strain. In the present computational framework, the
geometry is characterized by the aspect ratio [6].

ArR=2 7
= 7 (47)

where B is the square-base dimension and H is the
quantum-dot height

The available strain-library solutions correspond to
discrete aspect-ratio values. Changes in the aspect ratio
modify the relative lateral and vertical dimensions of the
pyramidal quantum dot and consequently affect the spatial
distribution of both hydrostatic and biaxial strain.
Therefore, the strain extrema and their corresponding
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spatial coordinates should be reported together with the
aspect ratio used for each calculation

Tensile
strain

Conduction T

v

l Compressive
strain

Energy

Band gap

Figure 7. Dependence of the reconstructed hydrostatic and
biaxial strain distributions on the aspect ratio of .the
pyramidal InAs/GaAs quantum dot.

3.7 Summary of the Strain Characteristics

The reconstructed results demonstrate that the mechanical
state of the pyramidal InAs/GaAs quantum dot can be
described in complimentary ways by hydrostatic and
biaxial strain. While the biaxial component describes the
directional difference between the in-plane and growth-
direction strain components, the hydrostatic component
shows the volumetric contribution to the local deformation.
Both strain components show spatially non-uniform
distributions and gradually relax into the surrounding
GaAs matrix from the quantum-dot area. The pyramidal
geometry, the InAs/GaAs interface, the quantum-dot
aspect ratio, and the lattice misfit between InAs and GaAs
control their amplitude and spatial localization. The
mechanical strain field can be more consistently described
by quantitative characterisation using strain extrema and
their spatial coordinates, centerline profiles, interface
behavior, and spatial relaxation than by qualitative
interpretation of color maps alone [40]. This investigation
is limited to the mechanical strain field that has been
recreated. Electronic band structures, carrier wave
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functions, optical transition energies, emission spectra,
carrier transport, and device performance are not directly
calculated by it. Therefore, based only on the computed
strain distributions, no quantitative conclusions are made
about band-gap modification, carrier confinement, charge
transfer, or optical-emission enhancement. Rather, the
hydrostatic and biaxial strain fields that have been
recreated offer a mechanically sound foundation for
deformation-potential, multiband k-p, or atomistic
electronic-structure calculations.
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Research Contribution

This work's primary contribution is the methodical three-
dimensional reconstruction and quantitative
characterisation of biaxial and hydrostatic strain fields in a
pyramidal InAs/GaAs quantum dot using an aspect-ratio-
dependent strain representation. In addition to identifying
the spatial extrema of both strain components and
analyzing their behavior across the InAs/GaAs interface
and spatial relaxation within the surrounding GaAs matrix,
the study consistently offers three-dimensional and central-
plane representations of the strain field.

Rather than introducing a new fundamental elasticity
solution, this study demonstrates the application of an
aspect-ratio-dependent strain representation for the
consistent and computationally efficient analysis of the
three-dimensional mechanical state of a pyramidal
InAs/GaAs quantum dot. The resulting strain fields
establish a quantitative mechanical foundation for
subsequent deformation-potential and electronic-structure
calculations.

4. Conclusion

A three-dimensional computational analysis of hydrostatic
and biaxial strain in a pyramidal InAs/GaAs quantum dot
was presented using an aspect-ratio-dependent MATLAB
reconstruction approach. The reconstructed fields reveal a
spatially non-uniform strain distribution, characterized by
predominantly compressive hydrostatic strain within the
quantum-dot region and progressive relaxation into the
surrounding GaAs matrix[6,12]. The biaxial strain exhibits
a more heterogeneous spatial distribution, reflecting the
directional difference between in-plane and growth-
direction deformation[38,40].

The strain fields were quantitatively characterized using
their minimum and maximum values, corresponding
spatial coordinates, centerline profiles, interface behavior,
and spatial relaxation. The results further demonstrate that
the magnitude and spatial localization of the reconstructed
strain fields are influenced by the InAs/GaAs lattice
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mismatch and the geometrical characteristics of the
quantum dot, particularly its aspect ratio[40].

The present study is limited to the reconstruction and
quantitative characterization of the mechanical strain field.
It does not directly calculate electronic band structures,
carrier wave functions, optical transition energies, carrier
transport, or device performance. Therefore, no direct
quantitative conclusions regarding band-gap modification,
carrier confinement, or optical-emission enhancement are
drawn solely from the reconstructed strain fields. Instead,
the hydrostatic and biaxial strain distributions provide a
quantitative mechanical input for subsequent deformation-
potential, multiband k - p, or atomistic electronic-structure
calculations[12].

All things considered, this work provides a reliable three-
dimensional framework for the quantitative assessment of
biaxial and hydrostatic strain in pyramidal InAs/GaAs
quantum dots. It offers a repeatable foundation for
investigating strain-dependent electrical and
optoelectronic properties as well as the impact of quantum-
dot geometry and lattice mismatch on the local mechanical
strain field.
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  nm  (   x  min  ,   y  min  ,   z  min  )


    𝜀  H ,  min 


    𝜀  H


  nm  (   x  max  ,   y  max  ,   z  max  )


    𝜀  B ,  max 


  nm  (   x  min  ,   y  min  ,   z  min  )


    𝜀  B ,  min 


    𝜀  B


     A R =   B  H … ( 47 )
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  H


  k ⋅ p

