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Chapter 1

Introduction and overview

In this introductory chapter we begin in Section 1.1 by describing the background of and

motivation for our research on dilute bismide alloys. Following this we describe the structure

of the remainder of the thesis in Section 1.2, where we give a description of the content of

the remaining chapters, as well as an overview of the primary results that have been achieved

during the course of this work.

1.1 Background and motivation

Goes here.

1.2 Structure of the thesis and overview of primary results

The remainder of this thesis is organised as follows...
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Chapter 2

Theoretical background: density

functional theory and k·p method

2.1 Introduction

In this chapter we...

2.2 The electronic structure of semiconductors

Insert subsections after thesis skeleton is agreed. Citing a reference here just to generate a

bibliography [1].
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Figure 2.1: Band structure of a two-atom GaAs primitive unit cell, calculated using the sp3s∗

tight-binding Hamiltonian described in the text, including spin-orbit coupling and parametrised
according to Appendix A. The zero of energy has been taken at the valence band edge,
i.e. E(Γ8v) = 0.



Chapter 3

Electronic structure of dilute

bismide alloys: the tight-binding

method

3.1 Introduction

Goes here.
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Chapter 4

Electronic structure of dilute

bismide alloys: the k·p method

4.1 Introduction

Goes here.
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Appendix A

Material parameters for

tight-binding and k·p calculations

In this appendix we tabulate the material parameters that were used throughout this thesis to

carry out electronic structure calculations using the tight-binding and k·p methods.

Our tight-binding parameters are listed in Table A.1 for the zinc blende III-V compounds

of interest and include (i) lattice constants, (ii) valence band offsets (relative to the GaAs

valence band edge, which we take as our zero of energy), (iii) orbital energies, (iv) the matrix

elements of the spin-orbit coupling, (v) the inter-atomic interaction matrix elements, and (vi)

the scaling exponents η (which are used to scale the inter-atomic matrix elements as
(
d0
d

)η

in strained crystals, where d0 and d are the unstrained and strained nearest-neighbour bond

lengths, respectively). These tight-binding parameters were compiled primarily from previous

work on the electronic structure of III-V compounds and alloys undertaken at Tyndall National

Institute by Dr. Andrew Lindsay.

Our k·p parameters are listed in Table A.2 for the zinc blende III-V compounds of interest

and include (i) the direct band gaps at the Γ-point (at T = 0 K and at room temperature),

(ii) spin-orbit-splitting energies, (iii) average valence band energies (for band offset calculations

using the model solid theory [2, 3]), (iv) electron effective masses at the Γ-point in the lowest

conduction band, (v) Kane parameters, (vi) valence band Luttinger parameters, (vii) lattice

constants, (viii) elastic constants, and (ix) Γ-point deformation potentials. These parameters

were compiled from a number of sources, including from previous work undertaken at Tyndall

National Institute by Dr. Sorcha Healy and from the Param2002 code developed at the Uni-

versity of Surrey by Dr. Mark Silver. Additional parameters were compiled from Refs. [4], [5]

and [6].
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