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INTRODUCTION

Design of optical semiconductor devices require
precise control over the frequency of operation.
Self-assembled quantum dots can be used to achieve
this as their optical response is highly sensitive
to the dot dimensions [1]. In literature, often the
position operator, used for calculating the optical
matrix element, is approximated as a diagonal ma-
trix in TB basis [2]. This approach underestimates
the interaction between various orbitals. This work
assesses the accuracy of that approximation by
comparing it against an explicit form of a position
operator derived from atomic orbitals. To capture
the absorption spectrum accurately, a tight binding
basis derived from DFT ab-initio calculations is
used [3]. Using atomistic simulations, the present
paper investigates the impact of quantum dot size
on the optical absorption spectrum using the explicit
form of position operator.

DEVICE SIMULATION APPROACH

The quantum dot under consideration is an InAs
dot grown on In0.15Ga0.85As along the [001] di-
rection as shown in Fig (1). Dimensions of the dot
are (20nm × 20nm × 4.9 nm). A strain reducing
capping layer of In0.15Ga0.85As is grown on top of
it. To capture the quantum effects accurately, a 20
band sp3d5s∗ (including SO-coupling) tight binding
(TB) model is employed to solve the Schrödinger’s
equation. To account for the lattice mismatch, a
valence force field strain model [4] is solved on
the 10 million atom system over 256 cores using
PETSc Newton solver. Then, Schrödinger’s equa-
tion is solved using the Lanczos method [5] on a
smaller electronic domain (dashed box in Fig (1))

consisting of 1 million atoms by redistributing the
atoms on these cores. Total simulation time taken
for this device is approximately 2.5 hours. The op-
tical matrix elements are calculated using a position
operator based on explicit atomic orbitals that takes
into account coupling between various tight binding
orbitals (Fig (2)) of a particular atom. For example,
the coupling between s and p states in Indium is
0.72482 eV and in Arsenic is 0.504095 eV.

RESULTS

Fig (3) indicates energy levels of conduction and
valence band states. As the dot dimension is in-
creased, the band gap decreases as the confinement
gets weaker. Fig (4) shows the eigenstates of the
dot along the x-y plane. When the dot dimension is
reduced from 4.9 nm to 3.9 nm there is a significant
difference in the valence band states as there is a
change in the interaction between s and p states
which is evident from Fig (5).
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Fig. 1: Quantum dot structure. The dashed box
corresponds to the electronic domain on which
Schrödinger’s equation is solved.
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(a) Indium s orbital
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(b) Indium py orbital
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(c) Arsenic s orbital
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(d) Arsenic py orbital

Fig. 2: Contour plots of TB basis functions obtained
from ab-initio calculations for In and As along the
x-y plane.
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Fig. 3: Eigenstates and optical gap for dots of height
3.9 nm, 4.9 nm and 5.9 nm
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Fig. 4: First two valence and conduction band states
along the x-y plane for dot height of 4.9 nm.
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Fig. 5: Comparison of first two valence band states
along the x-y plane when the dot height is reduced
from 4.9 nm to 3.9 nm
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