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ABSTRACT

It remains challenging to produce high-performance broadband photodetector
that can detect light from infrared to ultraviolet frequency range for biomedical
imaging, gas sensing and optical communication applications. In particular, large
energy band gap and low optical absorption in the material utilized as absorbing
layer have prevented a report of high performance broadband photodetector in terms
of quantum efficiency and photoresponsivity. However, integrating second
generation topological insulators (2GTI), namely, bismuth selenide (Bi,Se3), bismuth
telluride (Bi,Tes) and antimony telluride (Sb,Tes) with graphene in a heterostructure
appears to be the more promising approach. In this heterostructure, optical absorption
takes place in 2GTI while graphene acts as charge carrier collector owing to its high
carrier mobility. Therefore, detailed knowledge of the design, as well as structural,
electronic and optical properties of 2GTI/graphene heterostructures, is essential to
expose their hidden potentials. Structural properties of Bi,Ses, Bi,Te; and Sh,Tezare
studied by first-principles calculations within density functional theory (DFT)
framework. Many-body perturbation theory (MBPT) based one-shot GW (GoW,) and
Bethe-Salpeter equation (GoW,-BSE) approaches were used to compute the
quasiparticle (QP) band structure, excitonic and optical properties. The DFT
calculations show that inclusion of van der Waals (vdW) correction with most recent
developed Coope’s exchange (vdW-DF®x) reproduce experimental interlayer
distances, lattice parameters and atomic coordinates of Bi,Ses, Bi,Tes and Sh,Tes
2GTI. The one-shot GW calculations confirm that Bi,Ses and Sh,Tes are direct band
gap materials with band gap values of 0.36 eV and 0.22 eV while Bi,Tes is indirect
band gap material with 0.17 eV energy band gap. The results on the optical
properties of 2GTI with inclusion of electron-hole interaction show that the exciton
energy for Bi,Ses, Bi;Tez and Sh,Tes are 0.28, 0.14 and 0.19 eV respectively while
their corresponding plasma energies are 16.4, 15.6 and 9.6 eV respectively. These
values show that the investigated materials can absorb photons within broadband
wavelengths. For the design, the energy analysis of Sbh,Tes/graphene heterostructure
reveals that the most stable configuration is the one in which the Te-1 atom of Sb,Te;
facing to graphene is above the hole centre of graphene’s hexagonal lattice. More
attractively, the system of Sh,Tes/graphene heterostructure shows that strong
hybridization between Sh,Tes and graphene at smaller interlayer distance resulted in
an energy gap at the Dirac states. It is, therefore, anticipated that this heterostructure
will be useful for new-generation optoelectronic applications particularly in
broadband photodetectors.
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ABSTRAK

Penghasilan fotopengesan jalur lebar berprestasi tinggi yang mampu
mengesan cahaya dalam julat frekuensi inframerah ke ultraungu bagi pengimejan
bioperubatan, penderiaan gas dan aplikasi komunikasi optik masih menjadi cabaran.
Khususnya, jurang jalur tenaga yang besar dan penyerapan optik yang rendah dalam
bahan yang diguna sebagai lapisan penyerap telah menghalang penglaporan
berhubung fotopengesan jalur lebar berprestasi tinggi dari segi kecekapan kuantum
dan fotoresponsiviti. Bagaimanapun, gabungan antara penebat topologi generasi
kedua (2GT]I), iaitu bismut selenida (Bi,Ses), bismut telurit (Bi,Tes) dan antimoni
telurit (Sb,Tes) dengan grafin dalam satu heterostruktur dilihat sebagai pendekatan
yang lebih berpotensi. Dalam heterostruktur ini, penyerapan optik berlaku dalam
2GTI manakala grafin bertindak sebagai pengumpul pembawa cas disebabkan oleh
mobiliti pembawanya yang tinggi. Oleh itu, pengetahuan terperinci tentang reka
bentuk serta ciri struktur, elektronik dan optik heterostruktur 2GTI/grafin adalah
perlu untuk mendedahkan kemampuannya. Ciri struktur Bi,Ses, Bi,Tes dan Sbh,Tes
dikaji secara pengiraan prinsip pertama dalam kerangka teori ketumpatan fungsian
(DFT). Teori usikan banyak-jasad (MBPT) berdasarkan pendekatan satu-das
GW(GoW,) dan persamaan Bethe-Salpeter (GoWy-BSE) telah diguna untuk mengira
struktur jalur kuasi zarah (QP), sifat eksitonik dan optik. Pengiraan DFT
menunjukkan pemasukan pembetulan van der Waals (vdW) bersama pertukaran
Coope terbaharu (vdW-DF*x) menghasilkan semula nilai eksperimen bagi jarak
antara lapis, parameter kekisi dan koordinat atom bagi Bi,Ses;, Bi,Tes dan Sh,Tes
2GTI. Pengiraan menggunakan pendekatan GW satu-das mengesahkan bahawa
Bi,Se; dan Sh,Tez adalah bahan berjurang jalur terus masing-masing dengan nilai
jurang jalur 0.36 eV dan 0.22 eV manakala Bi,Te; ialah bahan berjurang jalur tidak
terus dengan nilai jurang jalur 0.17 eV. Hasil bagi sifat optik bahan 2GTI dengan
pemasukan interaksi elektron-lohong menunjukkan tenaga eksiton bagi Bi,Ses,
Bi,Tes dan Sh,Te; masing-masing ialah 0.28, 0.14 dan 0.19 eV manakala bagi tenaga
plasma masing-masing ialah 16.4, 15.6 dan 9.6 eV. Nilai ini menunjukkan bahan
yang dikaji boleh menyerap foton dalam panjang gelombang jalur lebar. Untuk reka
bentuk, analisis tenaga ke atas heterostruktur Sh,Tes/grafin mendedahkan bahawa
konfigurasi paling stabil ialah konfigurasi dengan atom Te-1 dalam Sh,Te; yang
menghadap grafin berada di atas pusat lubang kekisi heksagon grafin. Lebih menarik,
sistem heterostruktur Sh,Tes/grafin menunjukkan penghibridan yang kuat antara
Sh,Te; dengan grafin pada jarak antara lapis yang lebih kecil menghasilkan jurang
tenaga pada keadaan Dirac. Oleh itu, dijangkakan heterostruktur ini bermanfaat bagi
aplikasi optoelektronik generasi baharu khususnya dalam fotopengesan berjalur
lebar.
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CHAPTER 1

INTRODUCTION

1.1 Background of the Study

Conversion of light into electrical signals is at the heart of researchers due to
their significant impacts on every aspect that affects our lives. Applications, like
laser photonic, optical communication, biomedical imaging, homeland security, gas
sensing, remote sensing, quantum computing and motion detection have reached a
high level of maturity due to the development of integration technology, large-scale
production, and development of high-performance materials. Although
optoelectronic technology is growing, the need of efficient photodetector that can
absorb light within wide energy range (ultraviolet, visible and infrared spectra) and
convert them into electrical signals, is becoming more imminent. These led to the
increasing focus on searching of different source materials and the development of
methods to characterize these materials. To this point, integration of 2D band gap
materials with graphene appears to be more promising approach [1, 2]. Although
many efforts were done on transition metal oxides (TMOs) and transition metal
dichalcogenides (TMDCs) for this intention, energy band gap of 1.0 to 3.3 eV has
limited their application for the detection of light in the near-infrared region [3].
However, a narrow band gap second generation topological insulator (2GTI) mainly
Sh,Tes, Bi,Tes and Bi,Se; would be a better choice [1, 4-6]. In the heterostructure,
optical absorption takes place in 2GTI while graphene acts as charge carrier collector
owing to its high carrier mobility. Therefore, detailed knowledge of the design, as
well as structural, electronic and optical properties of 2GTI, is essential to expose

their hidden potentials.



Experimental measurements and theoretical investigations using various ab-
initio methods are the two possible ways of analysis in condensed matter physics.
Though physical properties of materials can be characterized experimentally, in some
cases it is difficult to furnish experiments with the required conditions for
characterization or synthesis. An experimental investigation at atomic scale level is
also difficult to execute even with modern experimental techniques. The second
option is to solve many-body problems by solving quantum mechanical equations
and this also takes a long time. First-principles or ab-initio calculation is an approach
that relies on well-established fundamental laws that do not rely on any fitting
techniques, special model or suppositions. In this present era, computational methods
based on the first-principles approach have gained great attention due to
advancement in computer processing technology, which enables simulation and
modeling of materials to be performed under diverse conditions in a short time.
Computational techniques are the easiest and cheapest way of discovering new
materials for device applications. The valuable properties of materials which are not
yet explored experimentally can be accurately predicted through simulation
techniques. On the other hand, approaches based on computational techniques
provide an exact description of various physical properties of materials such as
structural, electronic and optical properties and sometimes replace experimental

methods within a short time at low cost.

First-principles calculations within the framework of density functional
theory (DFT) is the method of choice for investigating material properties at the
ground state. This method was proposed by famous Hohenberg and Kohn in 1964 as
an approach to determine the electronic structure of a system at the ground state.
DFT in principle provides an exact description of material physical properties at
ground states although approximations become necessary. Calculations based on
DFT are distinguished from other ab-initio methods as first-principles calculations
with an approximate error of 107 eV [7]. Despite the fact that this approach gives an
accurate description of material properties at ground states but it has some
shortcomings. The limitation of this approach is the failure to give correct
information about material properties associated with the excited states. In particular,
it is well known that Hartree-Fock (HF) approximation and DFT are not suitable for



accurate prediction of electronic band gap especially for narrow band gap
semiconductor materials like 2GTI because Hartree-Fock and DFT Kohn-Sham
energy cannot predict the quasiparticle (QP) band structure precisely [8]. This
limitation could be overcome by using GW approach. GW calculation can be
performed either self-consistently or nonself-consistently. However, full self-
consistent GW approach is prohibitively expensive and impractical for bulk and
surface state calculations of insulators and semiconductors [9-11]. Consequently,
coupling DFT with many-body perturbation theory (MBPT) within nonself-
consistent GW approximation, G,W,, is a better choice for accurate prediction of the
fundamental band gap, this approach is also practicable for surface state calculations
to examine the topological nature of Bi,Ses, Bi;Tez and Sh,Tes Tls [8, 12-14].

For a few decades, optical properties of materials have been investigated
extensively with standard DFT using independent particle approach of Ehrenreich
and Cohen [15, 16] and one-particle Green’s function approach within GW
approximation [17]. However, neither of these methods provides a correct evaluation
of optical spectra, because the optical spectrum and the shape of the calculated
dielectric function show significant differences from those obtained experimentally
[18-21]. The limitation of standard DFT and one-particle Green’s function is their
failure to describe the excitonic effect of electron-hole interaction which requires
two-particle approach. It has been known that two-particle approach provides a
correct description of optical properties of a number of systems due to the influence
of electron-hole correction in the optical spectra [19, 22, 23]. For optical properties
calculations, we adopted an approach that provides a correct description of optical
spectra in better agreement with experimental data [24], via the solution of two-

particle BSE based on GW corrections.

1.2 Background of Problem

Although applications areas are growing, the need of photodetector with high

performance in terms of quantum efficiency, speed, wavelength range (Ultraviolet,



visible and infrared spectra), is becoming more eminent [2, 6, 25]. Within past few
years, extraordinary features of graphene, a novel two dimensional (2D) material
have drawn the great attention of researchers in this regards [1, 26]. Some of its
unique properties are high crystal quality, high charge carrier mobility (about 10°
cm?Vs at room temperature), linear dispersion near Fermi energy level, high
velocity at low density, anomalous quantum Hall effect (QHE) at room temperature
and absence of energy gap [26]. Despite the outstanding characteristics of graphene,
thrilling features like limited optical absorption of 2.3% over a wide energy spectrum
and the absence of band gap prevented its potentiality for high-performance
photodetector in terms of quantum efficiency and speed [2, 6]. These shortcomings
lead to poor performance such as low responsivity, internal quantum efficiency,
external quantum efficiency and detectivity [1, 27, 28]. Many efforts have been made
to address this problem such as graphene nanoribbons, band gap opening by utilizing
bilayer graphene. Such approaches are difficult to fabricate and due to degradation of

charge carrier mobility, high performance is not guaranteed also.

On the other hand, integrating graphene with layered materials that retain
their stability down to monolayers is the most promising approach. Recently,
graphene was integrated with transition metal oxides (TMOs) and transition metal
dichalcogenides (TMDCs) for this intention. In this respect, recently a photodetector
with high performance in terms of sensitivity, responsivity, and quantum efficiency
have been achieved using WSe,-graphene and MoS,-graphene heterostructure [29,
30]. Nevertheless, the energy gap of 1.0 to 3.3 eV limited the detection of the light
near-infrared region in TMOs and TMDCs compounds [3]. To this point, integrating
graphene with another van der Waals (layered) materials namely, Bi,Ses, Bi,Tes and
Sb,Te; is a better choice, because they offer some unique capabilities and
characteristics as compared to other layered materials such as narrow band gap, low
saturable optical intensity, protected conducting surface states, high damage
threshold, large modulation depth, strong optical absorption, and low cost [31, 32]. In
this heterostructure, 2GTI can be utilized as an absorbing layer (photoactive
materials) while graphene layer act as work-function electrodes. Therefore, for the

optimal operation of this heterostructure for device applications, accurate



measurements of the structural, electronic properties, as well as optical

characteristics, are needed.

Through extensive literature review following issues were identified:

i) It is unclear if spin-orbit coupling (SOC) effect is important for predicting
structural properties of Bi,Tes, Bi,Se; and Sbh,Te; compounds.

i) Although comprehensive investigations have been done using various ab-initio
methods and experimental measurements on Bi,Ses, Bi,Tesand Sb,Tes; band
structure, positions of the extrema of the upper valence band and the lower
conduction band in the bulk Brillouin zone (BZ) has been debated in these
compounds. Therefore, the basic nature of the difference between calculated
band gaps and the exact values is still an open question.

iii) Optical properties calculation with the inclusion of electron-electron and
electron-hole interactions on Bi,Tes, Bi,Se; and Sh,Te; compounds are not
explored.

iv) Surface states band structure calculations with effects of van der Waals (vdW)
correction for Bi,Tes, Bi,Ses and Sh,Tes have not reported.

V) Questions on how graphene sheet interaction with Bi,Tes;, Bi,Se; and Sh,Tes

layers at different positions affects the new surface states are not yet explored.

1.3 Objectives

In order to address the above-mentioned problems, following are the main

objectives of this thesis:

i) To calculate structural properties of Bi,Tes, Bi,Se; and Sh,Te; compounds.
i) To investigate electronic properties (evaluation of the band structure, total and

partial density of states) of Bi,Tes, Bi,Ses and Sb,Te; compounds.



iii) To determine the optical properties (real and imaginary part of the dielectric
function, refractive index, extinction coefficient, optical conductivity, reflectivity
spectra and absorption coefficient) of Bi,Tes, Bi,Ses and Sh,Te; compounds.

iv) To elaborate the electronic band structure and optical properties of Bi,Tes,
Bi,Sez and Sh,Te; surface states.

v) To analyse the effects of Sb,Tes; material heterostructuring with graphene.

1.4 Scope of the Research

In this research, the structural, electronic and optical properties of the
heterostructure photoactive materials namely, Bi,Tes, Bi,Se; and Sh,Te; compounds
in bulk and surface states have been investigated in details using state-of-art first-
principles MBPT techniques based on DFT. The effects of graphene sheets on
Sh,Te; material for the new physics of interacting massless Dirac fermions have also
investigated comprehensively. Following approaches are adopted, in order to achieve

the above objectives.

1) The structural properties (lattice parameters, interlayer distances, and atomic
coordinates) of Bi,Tes, Bi,Se; and Sh,Tes are computed with and without
taking into account the effects of van der Waals and SOC correction within
generalized gradient approximation (GGA) and local density approximation
(LDA) exchange-correlation potentials.

il) Investigation of the electronic properties with and without SOC (band
structure, total and partial density of states) of Bi,Tes, Bi,Ses and Sh,Tes
compound are carried out using density functional theory approach based on
GGA exchange-correlation potentials. Furthermore, to overcome the problem
of underestimation of band gap one-shot GW approach has been used.

iii) Investigation of optical properties of Bi,Tes, Bi,Se; and Sh,Tes materials are
carried out using three different approaches: Random-phase approximation
(RPA) based on PBE (DFT+RPA) without taking into account the effects of
electron-electron and electron-hole interaction, RPA based on one-shot GW



approximation (GoWy+RPA) which neglects electron-hole interaction and by
solving BSE (GoW,+BSE) to include excitonic effects of electron-hole
interaction.

iv) Surface states band structure and optical properties calculations of Bi,Tes,
Bi,Se; and Sbh,Te; compounds are performed using density functional theory
approach based on GGA exchange-correlation potentials.

v) Effects of graphene sheets on the Sh,Te; compound investigation for the new
physics of interacting massless Dirac fermions were carried out using DFT
based on GGA exchange-correlation potentials.

1.5  Significance of the Research

Although extensive studies have been performed for 2GTI namely, Bi,Tes,
Bi,Se; and Sh,Tes, most of the studies focused of their potentiality of converting heat
to electrical energy, whereas their optoelectronic behaviour is scarcely studied. This
research offers comprehensive study on optoelectronic properties of these
compounds using first-principles MBPT approach, in order to spawn a new
generation broadband photodetector for our daily lives benefits. The highly accurate
first-principles  MBPT technique will certainly contribute in removing the
discrepancies between theoretical and experimental measurements. This study is
intended to demonstrate that these materials have the capability of absorbing light
within a wider range of wavelengths (ultraviolet, visible and infrared spectra).
Therefore, strong absorption in 2GTI over very wide energy spectra is an exciting
feature to emerge them as promising absorbing materials for broadband
photodetection. However, this research expects that combination of 2GTI namely,
Bi,Tes, Bi,Se; and Sh,Tes as photoactive materials and graphene layer as work-
function electrodes for the broadband photodetector, the performances in terms of
efficiency, speed, photoresponsivity and detectivity will improve compared to pure
graphene-based devices. Furthermore, prediction of properties that have not explored
experimentally yet has also been introduced with reduction of time and cost. The
results of this study will certainly open a new pathway for other optoelectronic

applications.



1.6 Thesis Organisation

This thesis is classified into five different chapters. Chapter 1 introduces the
research work which consists of sub-headings of the background of research, the
background of the problem involved in the current study, problem statement,
objectives and scopes of the research, significant of the study and lastly thesis
organisation. Chapter 2 describes the literature review based on the research topic.
The literature reviewed covers overviews of the existing literature on graphene and
2GTI for the broadband photodetector. The chapter further describes in detail the
theoretical background involved in the calculations. Chapter 3 explains the
methodologies and computational details. Chapter 4 presents the investigation of
structural properties of 2GTI (Bi,Ses, Bi,Tes and Sb,Tes) via various exchange-
correlation potentials. The effects of spin-orbit coupling (SOC) and electron-electron
interactions on electronic properties of the optimized structures of 2GTI has also
discussed in Chapter 4. The effects of electron-hole interactions on optical properties
have been also discussed in Chapter 4. The optical properties discussed are
reflectivity, refractive index, real and imaginary parts of the dielectric function,
optical conductivity and absorption coefficient respectively. The results of the band
structure of the surface states of 2GTI have been presented in Chapter 4. Effects of a
graphene sheet on 2GTI have also discussed in this chapter. For the interfacing study,
Sh,Te; has been chosen. The separation distance between Sh,Tes and graphene sheet
was varied from 2.5A to 5.5A for the new physics of interacting massless Dirac
fermions. Finally, general conclusions along with a recommendation for further work
are presented in Chapter 5. At the end of this thesis list of references and relevant

appendices are arranged.



REFERENCES

Qiao, H., Yuan, J., Xu, Z., Chen, C., Lin, S., Wang, Y., Song, J., Liu, Y.,
Khan, Q. and Hoh, H. Y. Broadband photodetectors based on graphene—
Bi2Te3 heterostructure. ACS Nano. 2015. 9(2): 1886-1894.

Koppens, F., Mueller, T., Avouris, P., Ferrari, A., Vitiello, M. and Polini, M.
Photodetectors based on graphene, other two-dimensional materials, and
hybrid systems. Nature Nanotechnology. 2014. 9(10): 780-793.

Zhang, J., Wang, P., Sun, J. and Jin, Y. High-efficiency plasmon-enhanced
and graphene-supported semiconductor/metal  core-satellite  hetero-
nanocrystal photocatalysts for visible-light dye photodegradation and H2
production from water. ACS applied materials & interfaces. 2014. 6(22):
19905-19913.

Kim, J., Jang, H., Koirala, N., Sim, S., Lee, J.-b., Kim, U. J., Lee, H., Cha, S.,
In, C. and Park, J. Gate-tunable, high-responsivity, and room-temperature
infrared photodetectors based on a graphene-Bi 2 Se 3 heterostructure.
Proceedings of the Lasers and Electro-Optics (CLEQO), 2016 Conference on
IEEE. 1-2.

Kim, J., Park, S., Jang, H., Koirala, N., Lee, J.-B., Kim, U. J,, Lee, H.-S.,
Roh, Y.-G., Lee, H. and Sim, S. Highly Sensitive, Gate-Tunable, Room-
Temperature Mid-Infrared Photodetection Based on Graphene-Bi2Se3
Heterostructure. ACS Photonics. 2017. 4(3): 482-488.

Wang, Z., Mu, H., Yuan, J., Zhao, C., Bao, Q. and Zhang, H. Graphene-Bi 2
Te 3 Heterostructure as Broadband Saturable Absorber for Ultra-Short Pulse
Generation in Er-Doped and Yb-Doped Fiber Lasers. IEEE Journal of
Selected Topics in Quantum Electronics. 2017. 23(1): 1-5.

Suryanarayana, P., Bhattacharya, K. and Ortiz, M. Coarse-graining Kohn—
Sham density functional theory. Journal of the Mechanics and Physics of
Solids. 2013. 61(1): 38-60.



10.

11.

12.

13.

14.

15.

16.

17.

18.

133

Aguilera, 1., Friedrich, C. and Blugel, S. Spin-orbit coupling in quasiparticle
studies of topological insulators. Physical Review B. 2013. 88(16): 165136.
Crowley, J. M., Tahir-Kheli, J. and Goddard Ill, W. A. Accurate Ab Initio
Quantum Mechanics Simulations of Bi2Se3 and Bi2Te3 Topological
Insulator Surfaces. The journal of physical chemistry letters. 2015. 6(19):
3792-3796.

Demjan, T., Vorés, M., Palummo, M. and Gali, A. Electronic and optical
properties of pure and modified diamondoids studied by many-body
perturbation theory and time-dependent density functional theory. The
Journal of chemical physics. 2014. 141(6): 064308.

Baldini, E., Chiodo, L., Dominguez, A., Palummo, M., Moser, S., Yazdi-Rizi,
M., Aubdck, G., Mallett, B. P., Berger, H. and Magrez, A. Strongly bound
excitons in anatase TiO2 single crystals and nanoparticles. Nature
Communications. 2017. 8.

Yazyev, O. V., Kioupakis, E., Moore, J. E. and Louie, S. G. Quasiparticle
effects in the bulk and surface-state bands of Bi 2 Se 3 and Bi 2 Te 3
topological insulators. Physical Review B. 2012. 85(16): 161101.

Forster, T., Kriger, P. and Rohlfing, M. GW calculations for Bi 2 Te 3 and
Sb 2 Te 3 thin films: Electronic and topological properties. Physical Review
B. 2016. 93(20): 205442.

Aguilera, 1., Friedrich, C., Bihlmayer, G. and Blugel, S. GW study of
topological insulators Bi 2 Se 3, Bi 2 Te 3, and Sb 2 Te 3: Beyond the
perturbative one-shot approach. Physical Review B. 2013. 88(4): 045206.
Hedin, L. S. Lundgvist in Solid State Physics, edited by Seitz, F., Turnbull,
D. & Ehrenreich, H. Academic Press. 1969.

Park, J.-W., Eom, S. H., Lee, H., Da Silva, J. L., Kang, Y.-S., Lee, T.-Y. and
Khang, Y. H. Optical properties of pseudobinary GeTe, Ge 2 Sb 2 Te 5, GeSb
2 Te4,GeSb 4 Te 7, and Sb 2 Te 3 from ellipsometry and density functional
theory. Physical Review B. 2009. 80(11): 115209.

Hedin, L. New method for calculating the one-particle Green's function with
application to the electron-gas problem. Physical Review. 1965. 139(3A):
AT796.

Rohlfing, M., Kriger, P. and Pollmann, J. Quasiparticle band structure of
CdS. Physical review letters. 1995. 75(19): 3489.



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

134

Rohlfing, M. and Louie, S. G. Electron-hole excitations and optical spectra
from first principles. Physical Review B. 2000. 62(8): 4927.

Marsili, M., Mosconi, E., De Angelis, F. and Umari, P. Large scale GW-BSE
calculations with N3 scaling: excitonic effects in dye sensitised solar cells.
arXiv preprint arXiv:1603.05427. 2016.

Park, J.-W., Baek, S. H., Kang, T. D., Lee, H., Kang, Y.-S., Lee, T.-Y., Suh,
D.-S., Kim, K. J., Kim, C. K. and Khang, Y. H. Optical properties of (GeTe,
Sb2Te3) pseudobinary thin films studied with spectroscopic ellipsometry.
Applied Physics Letters. 2008. 93(2): 1914.

Korbel, S., Kammerlander, D., Sarmiento-Pérez, R., Attaccalite, C., Marques,
M. A. and Botti, S. Publisher's Note: Optical properties of Cu-chalcogenide
photovoltaic absorbers from self-consistent GW and the Bethe-Salpeter
equation [Phys. Rev. B 91, 075134 (2015)]. Physical Review B. 2016. 93(15):
159901.

Escudero, D., Duchemin, I., Blase, X. and Jacquemin, D. Modeling the
Photochrome-TiO2 Interface with Bethe—Salpeter and Time-Dependent
Density Functional Theory Methods. The Journal of Physical Chemistry
Letters. 2017. 8(5): 936-940.

Kang, W. and Hybertsen, M. S. Quasiparticle and optical properties of rutile
and anatase TiO 2. Physical Review B. 2010. 82(8): 085203.

Sharma, A., Bhattacharyya, B., Srivastava, A., Senguttuvan, T. and Husale, S.
High performance broadband photodetector using fabricated nanowires of
bismuth selenide. Scientific reports. 2016. 6.

Vaziri, S., Lupina, G., Paussa, A., Smith, A. D., Henkel, C., Lippert, G.,
Dabrowski, J., Mehr, W., Ostling, M. and Lemme, M. C. A manufacturable
process integration approach for graphene devices. Solid-State Electronics.
2013. 84: 185-190.

Song, S., Chen, Q., Jin, L. and Sun, F. Great light absorption enhancement in
a graphene photodetector integrated with a metamaterial perfect absorber.
Nanoscale. 2013. 5(20): 9615-9619.

Wan, M., Li, Y., Chen, J., Wu, W., Chen, Z., Wang, Z. and Wang, H. Strong
tunable absorption enhancement in graphene using dielectric-metal core-shell
resonators. Scientific Reports. 2017. 7(1): 32.



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

135

Sun, H., Yang, H., Fang, L., Zhang, J., Wang, Z. and Jiang, T. Electro-photo
modulation of the Fermi level in WSe 2/graphene van der Waals
heterojunction. Physica E: Low-dimensional Systems and Nanostructures.
2017. 88: 279-283.

Zhang, W., Chuu, C.-P., Huang, J.-K., Chen, C.-H., Tsai, M.-L., Chang, Y.-
H., Liang, C.-T., Chen, Y.-Z., Chueh, Y.-L. and He, J.-H. Ultrahigh-gain
photodetectors based on atomically thin graphene-MoS2 heterostructures.
Scientific reports. 2014. 4: 3826.

Lee, J.,, Koo, J.,, Chi, C. and Lee, J. H. A harmonically mode-locked
femtosecond fiber laser using bulk-structured Bi 2 Te 3 topological insulator.
Proceedings of the 2015 Conference on Lasers and Electro-Optics (CLEO):
IEEE. 1-2.

Hasan, M. Z. and Kane, C. L. Colloguium: topological insulators. Reviews of
Modern Physics. 2010. 82(4): 3045.

Miao, J., Zhang, F., Du, M., Wang, W. and Fang, Y. Photomultiplication type
narrowband organic photodetectors working at forward and reverse bias.
Physical Chemistry Chemical Physics. 2017. 19(22): 14424-14430.

Liu, C.-H., Chang, Y.-C., Norris, T. B. and Zhong, Z. Graphene
photodetectors with ultra-broadband and high responsivity at room
temperature. Nature Nanotechnology. 2014. 9(4): 273-278.

De Fazio, D., Goykhman, I., Yoon, D., Bruna, M., Eiden, A., Milana, S.,
Sassi, U., Barbone, M., Dumcenco, D. and Marinov, K. High responsivity,
large-area Graphene/MoS2 flexible photodetectors. ACS nano. 2016. 10(9):
8252.

Pospischil, A., Humer, M., Furchi, M. M., Bachmann, D., Guider, R.,
Fromherz, T. and Mueller, T. CMOS-compatible graphene photodetector
covering all optical communication bands. Nature Photonics. 2013. 7(11):
892-896.

Shao, J., Li, H. and Yang, G. Warping effect-induced optical absorbance
increment of topological insulator films for THz photodetectors with high
signal-to-noise ratio. Nanoscale. 2014. 6(7): 3513-3517.

JIAN, W. Fabrication, and characterization of germanium photodetectors.
2011.



39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

136

Moradinasab, M., Pourfath, M., Fathipour, M. and Kosina, H. A Numerical
Study of Line-Edge Roughness in Graphene Superlattice-Based
Photodetectors. P} roceedings of the 14th {I} nternational {C} onference on
{N} umerical {S} imulation of {O} ptoelectronic {D} evices}. 1-2.
Moradinasab, M., Pourfath, M., Fathipour, M. and Kosina, H. Numerical
study of graphene superlattice-based photodetectors. IEEE Transactions on
Electron Devices. 2015. 62(2): 593-600.

Zhang, H., Zhang, X., Liu, C., Lee, S.-T. and Jie, J. High-responsivity, high-
detectivity, ultrafast topological insulator Bi2Se3/silicon heterostructure
broadband photodetectors. ACS nano. 2016. 10(5): 5113-5122.

Yang, F., Cong, H., Yu, K., Zhou, L., Wang, N., Liu, Z., Li, C., Wang, Q. and
Cheng, B. Ultrathin Broadband Germanium-Graphene Hybrid Photodetector
with High Performance. ACS Applied Materials & Interfaces. 2017. 9(15):
13422-13429.

Zarei, M. and Sharifi, M. Defect-based graphene nanoribbon photodetectors:
A numerical study. Journal of Applied Physics. 2016. 119(21): 213104.

Chen, G., Wang, W., Wang, C., Ding, T. and Yang, Q. Controlled synthesis
of ultrathin Sb2Se3 nanowires and application for flexible photodetectors.
Advanced Science. 2015. 2(10).

Novoselov, K., Jiang, D., Schedin, F., Booth, T., Khotkevich, V., Morozov,
S. and Geim, A. Two-dimensional atomic crystals. Proceedings of the
National Academy of Sciences of the United States of America. 2005.
102(30): 10451-10453.

Novoselov, K. S., Geim, A. K., Morozov, S., Jiang, D., Katsnelson, M.,
Grigorieva, 1., Dubonos, S., Firsov and AA Two-dimensional gas of massless
Dirac fermions in graphene. arXiv preprint cond-mat/0509330. 2005.
Novoselov, K. S., Fal, V., Colombo, L., Gellert, P., Schwab, M. and Kim, K.
A roadmap for graphene. nature. 2012. 490(7419): 192-200.

Lee, E. J., Balasubramanian, K., Weitz, R. T., Burghard, M. and Kern, K.
Contact and edge effects in graphene devices. Nature nanotechnology. 2008.
3(8): 486-490.

Mueller, T., Xia, F., and Avouris, P. Graphene photodetectors for high-speed
optical communications. Nature Photonics. 2010. 4(5): 297-301.



50.

51.

52.

53.

54.

55.

56.

S57.

58.

59.

60.

137

Guo, X., Wang, W., Nan, H., Yu, Y., Jiang, J., Zhao, W., Li, J., Zafar, Z.,
Xiang, N. and Ni, Z. High-performance graphene photodetector using
interfacial gating. Optica. 2016. 3(10): 1066-1070.

Chen, H.-T., Padilla, W. J., Zide, J. M., Gossard, A. C., Taylor, A. J. and
Averitt, R. D. Active terahertz metamaterial devices. Nature. 2006.
444(7119): 597-600.

Fekete, L., Hlinka, J., Kadlec, F., Kuzel, P., and Mounaix, P. Active optical
control of the terahertz reflectivity of high-resistivity semiconductors. Optics
letters. 2005. 30(15): 1992-1994.

Engel, M., Steiner, M., Lombardo, A., Ferrari, A. C., Lohneysen, H. v.,
Avouris, P. and Krupke, R. Light-matter interaction in a microcavity-
controlled graphene transistor. Nature Communications. 2012. 3: 906.

Wang, X., Cheng, Z., Xu, K., Tsang, H. K. and Xu, J.-B. High-responsivity
graphene/silicon-heterostructure ~ waveguide  photodetectors.  Nature
Photonics. 2013. 7(11): 888-891.

Novoselov, K., Mishchenko, A., Carvalho, A. and Neto, A. C. 2D materials
and van der Waals heterostructures. Science. 2016. 353(6298): aac94309.

Tan, Y., Liu, X, He, Z., Liu, Y., Zhao, M., Zhang, H. and Chen, F. Tuning of
interlayer coupling in large-area graphene/WSe2 van der Waals
heterostructure via ion irradiation: optical evidence and photonic applications.
arXiv preprint arXiv:1704.01567. 2017.

Hossain, R. F., Deaguero, |. G., Boland, T. and Kaul, A. B. Biocompatible,
large-format, inkjet printed heterostructure MoS2-graphene photodetectors on
conformable substrates. npj 2D Materials and Applications. 2017. 1.

Zhang, K., Fang, X., Wang, Y., Wan, Y., Song, Q., Zhai, W., Li, Y., Ran, G,
Ye, Y. and Dai, L. Ultrasensitive Near-Infrared Photodetectors Based on a
Graphene—MoTe2-Graphene Vertical van der Waals Heterostructure. ACS
applied materials & interfaces. 2017. 9(6): 5392-5398.

Novoselov, K. S., Geim, A. K., Morozov, S. V., Jiang, D., Zhang, Y.,
Dubonos, S. V., Grigorieva, I. V. and Firsov, A. A. Electric field effect in
atomically thin carbon films. science. 2004. 306(5696): 666-669.

Novoselov, K. Nobel lecture: Graphene: Materials in the flatland. Reviews of
Modern Physics. 2011. 83(3): 837.



61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

138

Grigorenko, A., Polini, M. and Novoselov, K. Graphene plasmonics. Nature
photonics. 2012. 6(11): 749-758.

Lui, C. H., Malard, L. M., Kim, S., Lantz, G., Laverge, F. E., Saito, R. and
Heinz, T. F. Observation of out-of-plane vibrations in few-layer graphene.
arXiv preprint arXiv:1204.1702. 2012.

Nair, R. R., Blake, P., Grigorenko, A. N., Novoselov, K. S., Booth, T. J.,
Stauber, T., Peres, N. M. and Geim, A. K. Fine structure constant defines
visual transparency of graphene. Science. 2008. 320(5881): 1308-1308.
Mayorov, A. S., Elias, D. C., Mukhin, I. S., Morozov, S. V., Ponomarenko, L.
A., Novoselov, K. S., Geim, A. and Gorbachev, R. V. How close can one
approach the Dirac point in graphene experimentally? arXiv preprint
arXiv:1206.3848. 2012.

Andrei, E. Y., Li, G. and Du, X. Electronic properties of graphene: a
perspective from scanning tunneling microscopy and magnetotransport.
Reports on Progress in Physics. 2012. 75(5): 056501.

Moore, J. E. The birth of topological insulators. Nature. 2010. 464(7286):
194-198.

Mclver, J., Hsieh, D., Drapcho, S., Torchinsky, D., Gardner, D., Lee, Y. and
Gedik, N. Theoretical and experimental study of second harmonic generation
from the surface of the topological insulator Bi 2 Se 3. Physical Review B.
2012. 86(3): 035327.

Gao, X., Zhou, M., Cheng, Y. and Ji, G. First-principles study of structural,
elastic, electronic and thermodynamic properties of topological insulator
Bi2Se3 under pressure. Philosophical Magazine. 2016. 96(2): 208-222.

Shi, H., Parker, D., Du, M.-H. and Singh, D. J. Connecting thermoelectric
performance and topological-insulator behavior: Bi 2 Te 3 and Bi 2 Te 2 Se
from first principles. Physical Review Applied. 2015. 3(1): 014004.

Hsieh, D., Xia, Y., Qian, D., Wray, L., Meier, F., Dil, J., Osterwalder, J.,
Patthey, L., Fedorov, A. and Lin, H. Observation of time-reversal-protected
single-Dirac-cone topological-insulator states in Bi 2 Te 3 and Sbh 2 Te 3.
Physical review letters. 2009. 103(14): 146401.

Virk, N. S. A Theoretical Investigation of Topological Insulator

Nanostructures. 2016.



72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

139

Campi, D., Paulatto, L., Fugallo, G., Mauri, F. and Bernasconi, M. First-
principles calculation of lattice thermal conductivity in crystalline phase
change materials: GeTe, Sb 2 Te 3, and Ge 2 Sb 2 Te 5. Physical Review B.
2017. 95(2): 024311.

Filip, M. R., Patrick, C. E. and Giustino, F. G W quasiparticle band structures
of stibnite, antimonselite, bismuthinite, and guanajuatite. Physical Review B.
2013. 87(20): 205125.

Parker, D. and Singh, D. J. Potential thermoelectric performance from
optimization of hole-doped Bi 2 Se 3. Physical Review X. 2011. 1(2): 021005.
Koc, H., Ozisik, H., Delig6z, E., Mamedov, A. M. and Ozbay, E. Mechanical,
electronic, and optical properties of Bi2S3 and Bi2Se3 compounds: first
principle investigations. Journal of molecular modeling. 2014. 20(4): 2180.
Sharma, Y., Srivastava, P., Pratap, A. and Saxena, N. First-principles Study
of Electronic and Optical Properties of Bi 2 Se 3 in its Trigonal and
Orthorhombic Phases. Proceedings of the AIP Conference Proceedings: AlIP.
183-187.

Sharma, Y., Srivastava, P., Dashora, A., Vadkhiya, L., Bhayani, M., Jain, R.,
Jani, A. and Ahuja, B. Electronic structure, optical properties and Compton
profiles of Bi 2 S 3 and Bi 2 Se 3. Solid State Sciences. 2012. 14(2): 241-249.
Luo, X., Sullivan, M. B. and Quek, S. Y. First-principles investigations of the
atomic, electronic, and thermoelectric properties of equilibrium and strained
Bi 2 Se 3 and Bi 2 Te 3 including van der Waals interactions. Physical
Review B. 2012. 86(18): 184111.

Black, J., Conwell, E., Seigle, L. and Spencer, C. Electrical and optical
properties of some M2v— bN3vi— b semiconductors. Journal of Physics and
Chemistry of Solids. 1957. 2(3): 240-251.

Chen, Y., Analytis, J., Chu, J.-H., Liu, Z., Mo, S.-K., Qi, X.-L., Zhang, H.,
Lu, D., Dai, X. and Fang, Z. Experimental realization of a three-dimensional
topological insulator, Bi2Te3. Science. 2009. 325(5937): 178-181.

Hybertsen, M. S. and Louie, S. G. Electron correlation in semiconductors and
insulators: Band gaps and quasiparticle energies. Physical Review B. 1986.
34(8): 5390.



82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

140

Koc, H., Mamedov, A. M., Deligoz, E. and Ozisik, H. Elastic, electronic, and
optical properties of Sb2S3 and Sb2Se3 compounds: ab initio calculation.
arXiv preprint arXiv:1205.3344. 2012.

Soler, J. M., Artacho, E., Gale, J. D., Garcia, A., Junquera, J., Ordejon, P. and
Sanchez-Portal, D. The SIESTA method for ab initio order-N materials
simulation. Journal of Physics: Condensed Matter. 2002. 14(11): 2745.
Kresse, G. and Furthmuller, J. Efficiency of ab-initio total energy calculations
for metals and semiconductors using a plane-wave basis set. Computational
Materials Science. 1996. 6(1): 15-50.

Kresse, G. and Joubert, D. From ultrasoft pseudopotentials to the projector
augmented-wave method. Physical Review B. 1999. 59(3): 1758.

Atabaeva, E. Y., Mashkov, S. and Popova, S. Crystal-Structure of a New
Modification of Bi2Se3ii. MEZHDUNARODNAYA KNIGA 39
DIMITROVA UL., 113095 MOSCOW, RUSSIA. 1973. 173-174.

Larson, P., Greanya, V., Tonjes, W., Liu, R., Mahanti, S. and Olson, C.
Electronic structure of Bi 2 X 3 (X='S, Se, T) compounds: Comparison of
theoretical calculations with photoemission studies. Physical review B. 2002.
65(8): 085108.

Greenaway, D. L. and Harbeke, G. Band structure of bismuth telluride,
bismuth selenide and their respective alloys. Journal of Physics and
Chemistry of Solids. 1965. 26(10): 1585-1604.

Nascimento, V., De Carvalho, V., Paniago, R., Soares, E., Ladeira, L. and
Pfannes, H. XPS and EELS study of the bismuth selenide. Journal of electron
spectroscopy and related phenomena. 1999. 104(1): 99-107.

Cheng, L., Liu, H., Zhang, J., Wei, J., Liang, J., Shi, J. and Tang, X. Effects
of van der Waals interactions and quasiparticle corrections on the electronic
and transport properties of Bi 2 Te 3. Physical Review B. 2014. 90(8):
085118.

Zhang, J., Peng, Z., Soni, A., Zhao, Y., Xiong, Y., Peng, B., Wang, J.,
Dresselhaus, M. S. and Xiong, Q. Raman spectroscopy of few-quintuple layer
topological insulator Bi2Se3 nanoplatelets. Nano letters. 2011. 11(6): 2407-
2414,



92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

141

Nataraj, D., Senthil, K., Narayandass, S. K. and Mangalaraj, D. Effect of
annealing on optical, dielectric and ac conduction properties of Bi 2 Se 3 thin
films. 1999.

Gobrecht, H., Seeck, S. and Klose, T. Der Einflul der freien Ladungstrager
auf die optischen Konstanten des Bi2Se3 im Wellenlangengebiet von 2 bis 23
um. Zeitschrift fir Physik. 1966. 190(4): 427-443.

Barker, B. A., Deslippe, J., Yazyev, O. and Louie, S. G. Quasiparticle
electronic structure of Bi2Se3 via the sc-COHSEX+ GW approach.
Proceedings of the APS Meeting Abstracts.

Barker, B., Deslippe, J., Yazyev, O. and Louie, S. G. Quasiparticle electronic
structure of bulk and slab Bi2Se3 and Bi2Te3. Proceedings of the APS
Meeting Abstracts. 42014.

Nechaev, 1., Blugel, S., Aguilera, 1., Friedrich, C. and Chulkov, E.
Quasiparticle band gap in the topological insulators Bi2Se3, Bi2Te3 and
Sb2Te3. Quanten-Theorie der Materialien. 2014.

Nechaev, I. A. and Chulkov, E. V. Quasiparticle band gap in the topological
insulator Bi 2 Te 3. Physical Review B. 2013. 88(16): 165135.

Nechaev, 1., Aguilera, 1., De Renzi, V., di Bona, A., Rizzini, A. L., Mio, A.,
Nicotra, G., Politano, A., Scalese, S. and Aliev, Z. Quasiparticle spectrum
and plasmonic excitations in the topological insulator Sb 2 Te 3. Physical
Review B. 2015. 91(24): 245123.

Xia, Y., Qian, D., Hsieh, D., Wray, L., Pal, A, Lin, H., Bansil, A., Grauer,
D., Hor, Y. and Cava, R. Observation of a large-gap topological-insulator
class with a single Dirac cone on the surface. Nature Physics. 2009. 5(6):
398-402.

Virk, N. and Yazyev, O. V. Dirac fermions at high-index surfaces of bismuth
chalcogenide topological insulator nanostructures. Scientific reports. 2016. 6.
Zhang, H., Liu, C.-X., Qi, X.-L., Dai, X., Fang, Z. and Zhang, S.-C.
Topological insulators in Bi2Se3, Bi2Te3 and Sb2Te3 with a single Dirac
cone on the surface. Nature physics. 2009. 5(6): 438.

Perdew, J. P., Burke, K. and Ernzerhof, M. Generalized gradient
approximation made simple. Physical review letters. 1996. 77(18): 3865.
Giannozzi, P., Baroni, S., Bonini, N., Calandra, M., Car, R., Cavazzoni, C.,
Ceresoli, D., Chiarotti, G. L., Cococcioni, M. and Dabo, I. QUANTUM



104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

142

ESPRESSO: a modular and open-source software project for quantum
simulations of materials. Journal of physics: Condensed matter. 2009.
21(39): 395502.

Kohn, W. and Sham, L. J. Self-consistent equations including exchange and
correlation effects. Physical review. 1965. 140(4A): A1133.

Cottenier, S. Density Functional Theory and the family of (L) APW-methods:
a step-by-step introduction. Instituut voor Kern-en Stralingsfysica, KU
Leuven, Belgium. 2002. 4(0): 41.

Hohenberg, P. and Kohn, W. Inhomogeneous electron gas. Physical review.
1964. 136(3B): B864.

Hartree, D. R. The wave mechanics of an atom with a non-Coulomb central
field. Part I. Theory and methods. Proceedings of the Mathematical
Proceedings of the Cambridge Philosophical Society: Cambridge Univ Press.
89-110.

Pauli, W. Uber den Zusammenhang des Abschlusses der Elektronengruppen
im Atom mit der Komplexstruktur der Spektren. Zeitschrift fir Physik A
Hadrons and Nuclei. 1925. 31(1): 765-783.

Slater, J. C. Note on Hartree's method. Physical Review. 1930. 35(2): 210.
Parr, R. G. Density functional theory of atoms and molecules. Horizons of
Quantum Chemistry: Springer. 5-15; 1980.

Stoffel, R. P., Deringer, V. L., Simon, R. E., Hermann, R. P. and
Dronskowski, R. A density-functional study on the electronic and vibrational
properties of layered antimony telluride. Journal of Physics: Condensed
Matter. 2015. 27(8): 085402.

Vidal, J., Zhang, X., Yu, L., Luo, J.-W. and Zunger, A. False-positive and
false-negative assignments of topological insulators in density functional
theory and hybrids. Physical Review B. 2011. 84(4): 041109.

Anisimov, V. I., Aryasetiawan, F. and Lichtenstein, A. First-principles
calculations of the electronic structure and spectra of strongly correlated
systems: the LDA+ U method. Journal of Physics: Condensed Matter. 1997.
9(4): 767.

Lee, H., Soriano, D. and Yazyev, O. V. Density Functional Theory
Calculations of Topological Insulators. Wiley-VCH. 2015.



115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

143

Perdew, J. P. and Wang, Y. Accurate and simple analytic representation of
the electron-gas correlation energy. Physical review B. 1992. 45(23): 13244-
13249.

Dirac, P. A. Note on exchange phenomena in the Thomas atom. Proceedings
of the Mathematical Proceedings of the Cambridge Philosophical Society:
Cambridge Univ Press. 376-385.

Sholl, D. and Steckel, J. A. Density functional theory: a practical
introduction: John Wiley & Sons. 2011.

Yi, Z. Ab-initio Study of Semi-conductor and Metallic Systems: From Density
Functional Theory to Many Body Perturbation Theory. PhD thesis; 2009.
Huang, S. Electronic, Optical, and Thermal Properties of Reduced-
Dimensional Semiconductors: WASHINGTON UNIVERSITY IN ST.
LOUIS. 2013.

Zhang, H., Liu, C.-X., Qi, X.-L., Dai, X., Fang, Z. and Zhang, S.-C.
Topological insulators in Bi2Se3, Bi2Te3 and Sb2Te3 with a single Dirac
cone on the surface. Nature physics. 2009. 5(6): 438-442.

Cao, Y., Waugh, J., Zhang, X., Luo, J.-W., Wang, Q., Reber, T., Mo, S., Xu,
Z., Yang, A. and Schneeloch, J. Mapping the orbital wavefunction of the
surface states in three-dimensional topological insulators. Nature Physics.
2013. 9(8): 499-504.

Clark, S. Complex structures in tetrahedrally bonded semiconductors. 1994.
Clark, S. Complex structures in tetrahedrally bonded semiconductors.
University of Edinburgh; 1994.

Ataei, S., Mohammadizadeh, M. and Seriani, N. Excitonic effects in the
optical properties of hydrogenated anatase TiO 2. Physical Review B. 2017.
95(15): 155205.

Molina-Sanchez, A., Palummo, M., Marini, A. and Wirtz, L. Temperature-
dependent excitonic effects in the optical properties of single-layer MoS 2.
Physical Review B. 2016. 93(15): 155435.

Ping, Y., Rocca, D. and Galli, G. Electronic excitations in light absorbers for
photoelectrochemical energy conversion: first principles calculations based
on many body perturbation theory. Chemical Society Reviews. 2013. 42(6):
2437-2469.



127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

144

Albrecht, S., Reining, L., Del Sole, R. and Onida, G. Ab initio calculation of
excitonic effects in the optical spectra of semiconductors. Physical review
letters. 1998. 80(20): 4510.

Onida, G., Reining, L. and Rubio, A. Electronic excitations: density-
functional versus many-body Green’s-function approaches. Reviews of
Modern Physics. 2002. 74(2): 601.

Thygesen, K. S. and Rubio, A. Conserving G W scheme for nonequilibrium
quantum transport in molecular contacts. Physical Review B. 2008. 77(11):
115333.

Shaltaf, R., Rignanese, G.-M., Gonze, X., Giustino, F. and Pasquarello, A.
Band offsets at the Si/SiO 2 interface from many-body perturbation theory.
Physical review letters. 2008. 100(18): 186401.

Jain, M., Chelikowsky, J. R. and Louie, S. G. Reliability of hybrid functionals
in predicting band gaps. Physical review letters. 2011. 107(21): 216806.
Hirose, D., Noguchi, Y. and Sugino, O. Quantitative characterization of
exciton from GW+ Bethe-Salpeter calculation. The Journal of Chemical
Physics. 2017. 146(4): 044303.

Noguchi, Y., Sugino, O., Nagaoka, M., Ishii, S. and Ohno, K. A GW+ Bethe-
Salpeter calculation on photoabsorption spectra of (CdSe) 3 and (CdSe) 6
clusters. The Journal of chemical physics. 2012. 137(2): 024306.

Benedict, L. X., Puzder, A., Williamson, A. J., Grossman, J. C., Galli, G.,
Klepeis, J. E., Raty, J.-Y. and Pankratov, O. Calculation of optical absorption
spectra of hydrogenated Si clusters: Bethe-Salpeter equation versus time-
dependent local-density approximation. Physical Review B. 2003. 68(8):
085310.

Fetter, A., Walecka, J. and Kadanoff, L. P. Quantum Theory of Many Particle
Systems. AIP. 1972.

Fetter, A. and Walecka, J. Quantum Theory of Many-Particle Systems, 1971.
Me Graw-Hill Book Company.

Fetter, A. L. and Walecka, J. D. Quantum theory of many-particle systems:
Courier Corporation. 2012.

Economou, E. N. Green's functions in quantum physics, Vol. 3: Springer.
1983.



139.

140.

141.

142.

143.

144,

145.

146.

147.

148.

149.

150.

151.

145

Hughes, T. J. Multiscale phenomena: Green's functions, the Dirichlet-to-
Neumann formulation, subgrid scale models, bubbles and the origins of
stabilized methods. Computer methods in applied mechanics and
engineering. 1995. 127(1-4): 387-401.

Strinati, G. Application of the Green’s functions method to the study of the
optical properties of semiconductors. La Rivista del Nuovo Cimento (1978-
1999). 1988. 11(12): 1-86.

Bruus, H. and Flensberg, K. Many-body quantum theory in condensed matter
physics: an introduction: Oxford University Press. 2004.

Tran, V., Fei, R. and Yang, L. Quasiparticle energies, excitons, and optical
spectra of few-layer black phosphorus. 2D Materials. 2015. 2(4): 044014.
Liu, P., Kaltak, M., Klimes, J. and Kresse, G. Cubic scaling G W: Towards
fast quasiparticle calculations. Physical Review B. 2016. 94(16): 165109.
Koval, P., Foerster, D. and Sanchez-Portal, D. Fully self-consistent G W and
quasiparticle self-consistent G W for molecules. Physical Review B. 2014.
89(15): 155417.

Shahrokhi, M. and Leonard, C. Tuning the band gap and optical spectra of
silicon-doped graphene: Many-body effects and excitonic states. Journal of
Alloys and Compounds. 2017. 693: 1185-1196.

Kuwahara, R. and Ohno, K. Linearized self-consistent GW approach
satisfying the Ward identity. Physical Review A. 2014. 90(3): 032506.

Hedin, L. and Lundqvist, S. Solid state physics. Academic, New York. 19609.
23: 1.

Usuda, M., Hamada, N., Kotani, T. and van Schilfgaarde, M. All-electron
GW calculation based on the LAPW method: Application to wurtzite ZnO.
Physical Review B. 2002. 66(12): 125101.

Holm, B. and von Barth, U. Fully self-consistent GW self-energy of the
electron gas. Physical Review B. 1998. 57(4): 2108.

Ryee, S., Jang, S. W., Kino, H., Kotani, T. and Han, M. J. Quasiparticle self-
consistent GW calculation of Sr 2 RuO 4 and SrRuO 3. Physical Review B.
2016. 93(7): 075125.

Lee, H. and Yazyev, O. V. Lattice-matched heterojunctions between
topological and normal insulators: A first-principles study. Physical Review
B. 2017. 95(8): 085304.



152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

146

Hellgren, M., Caruso, F., Rohr, D. R., Ren, X., Rubio, A., Scheffler, M. and
Rinke, P. Static correlation and electron localization in molecular dimers
from the self-consistent RPA and G W approximation. Physical Review B.
2015. 91(16): 165110.

Pinheiro Jr, M., Caldas, M. J., Rinke, P., Blum, V. and Scheffler, M. Length
dependence of ionization potentials of transacetylenes: Internally consistent
DFT/G W approach. Physical Review B. 2015. 92(19): 195134.

Tomczak, J., Liu, P., Toschi, A., Kresse, G. and Held, K. Merging GW with
DMFT and non-local correlations beyond. arXiv preprint arXiv:1703.08446.
2017.

Chu, L.-H., Trinastic, J. P., Wang, Y.-P., Eguiluz, A. G., Kozhevnikov, A.,
Schulthess, T. C. and Cheng, H.-P. All-electron self-consistent G W in the
Matsubara-time domain: Implementation and benchmarks of semiconductors
and insulators. Physical Review B. 2016. 93(12): 125210.

Hedin, L. and Lundqgvist, S. Solid State Physics vol 23, ed H Ehrenreich. F
Seitz and D Turnbull (New York: Academic) p. 1969. 1.

Shishkin, M. and Kresse, G. Self-consistent G W calculations for
semiconductors and insulators. Physical Review B. 2007. 75(23): 235102.
Salpeter, E. E. and Bethe, H. A. A relativistic equation for bound-state
problems. Physical Review. 1951. 84(6): 1232.

Rohlfing, M., Kriger, P. and Pollmann, J. Efficient scheme for GW
quasiparticle band-structure calculations with applications to bulk Si and to
the Si (001)-(2x 1) surface. Physical Review B. 1995. 52(3): 1905.

Lucarini, V., Saarinen, J. J., Peiponen, K.-E. and Vartiainen, E. M. Kramers-
Kronig relations in optical materials research, Vol. 110: Springer Science &
Business Media. 2005.

Houmad, M., Zaari, H., Benyoussef, A., El Kenz, A. and Ez-Zahraouy, H.
Optical conductivity enhancement and band gap opening with silicon doped
graphene. Carbon. 2015. 94: 1021-1027.

Arbi, M., Benramdane, N., Kebbab, Z., Miloua, R., Chiker, F. and Khenata,
R. First principles calculations of structural, electronic and optical properties
of zinc aluminum oxide. Materials Science in Semiconductor Processing.
2012. 15(3): 301-307.

Dresselhaus, M. Solid State Physics Part 11 Optical Properties of Solids. 2001.



164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

147

Marini, A., Hogan, C., Griining, M. and Varsano, D. Yambo: an ab initio tool
for excited state calculations. Computer Physics Communications. 20009.
180(8): 1392-1403.

Feynman, R. and Hellmann, H. Einfiihrung in die Quantenchemie. Phys. Rev.
1939. 56: 340.

Nielsen, O. and Martin, R. M. Quantum-mechanical theory of stress and
force. Physical Review B. 1985. 32(6): 3780.

Gebauer, R. and Baroni, S. Magnons in real materials from density-functional
theory. Physical Review B. 2000. 61(10): R6459.

Pyykko, P. Relativistic effects in structural chemistry. Chemical Reviews.
1988. 88(3): 563-594.

Anton, L. Improving the parallelisation and adding functionality to the
quantum Monte Carlo code CASINO. HECToR: UK National
Supercomputing Service, Tech. Rep. 2009.

Gonze, X., Beuken, J.-M., Caracas, R., Detraux, F., Fuchs, M., Rignanese,
G.-M., Sindic, L., Verstraete, M., Zerah, G. and Jollet, F. First-principles
computation of material properties: the ABINIT software project.
Computational Materials Science. 2002. 25(3): 478-492.

Caruso, F., Filip, M. R. and Giustino, F. Excitons in one-dimensional van der
Waals materials: Sb 2 S 3 nanoribbons. Physical Review B. 2015. 92(12):
125134.

Godby, R. and Needs, R. Metal-insulator transition in Kohn-Sham theory and
quasiparticle theory. Physical review letters. 1989. 62(10): 1169.

Adler, S. L. Quantum theory of the dielectric constant in real solids. Physical
Review. 1962. 126(2): 413.

Wiser, N. Dielectric constant with local field effects included. Physical
Review. 1963. 129(1): 62.

Cooper, V. R. Van der Waals density functional: An appropriate exchange
functional. Physical Review B. 2010. 81(16): 161104.

Nakajima, S. The crystal structure of Bi2Te3— xSex. Journal of Physics and
Chemistry of Solids. 1963. 24(3): 479-485.

Jacobsen, M., Kumar, R., Cornelius, A., Sinogeiken, S., Nico, M., Elert, M.,
Furnish, M. D., Chau, R., Holmes, N. and Nguyen, J. HIGH PRESSURE X-



178.

179.
180.

181.

182.

183.

184.

185.

186.

187.

188.

148

RAY DIFFRACTION STUDIES OF Bi 2— x Sb x Te 3 (x= 0, 1, 2).
Proceedings of the AIP Conference Proceedings: AIP. 171-174.

Souza, S., Poffo, C., Trichés, D., De Lima, J., Grandi, T., Polian, A. and
Gauthier, M. High pressure monoclinic phases of Sb 2 Te 3. Physica B:
Condensed Matter. 2012. 407(18): 3781-3789.

Wyckoff, R. Crystal Structures, 2nd edn (New York: Interscience). 1964.
Wang, G. and Cagin, T. Electronic structure of the thermoelectric materials
Bi 2 Te 3 and Sb 2 Te 3 from first-principles calculations. Physical Review B.
2007. 76(7): 075201.

Sosso, G., Caravati, S. and Bernasconi, M. Vibrational properties of
crystalline Sb2Te3 from first principles. Journal of Physics: Condensed
Matter. 2009. 21(9): 095410.

Zhang, W., Yu, R., Zhang, H.-J., Dai, X. and Fang, Z. First-principles studies
of the three-dimensional strong topological insulators Bi2Te3, Bi2Se3 and
Sb2Te3. New Journal of Physics. 2010. 12(6): 065013.

Wang, B.-T., Souvatzis, P., Eriksson, O. and Zhang, P. Lattice dynamics and
chemical bonding in Sb2Te3 from first-principles calculations. The Journal
of chemical physics. 2015. 142(17): 174702.

Anderson, T. L. and Krause, H. B. Refinement of the Sb2Te3 and Sb2Te2Se
structures and their relationship to nonstoichiometric Sb2Te3— ySey
compounds. Acta Crystallographica Section B: Structural Crystallography
and Crystal Chemistry. 1974. 30(5): 1307-1310.

Smith, M. J., Kirk, E. and Spencer, C. Device for Measurement of the
Electrical Properties of Bi2Se3 at Elevated Temperatures. Journal of Applied
Physics. 1960. 31(8): 1504-1505.

Lide, D. Editor in Chief, Handbook of Chemistry and Physics. Editor-in-
Chief: Handbook of Chemistry and Physics. 1990.

Nechaev, 1., Hatch, R., Bianchi, M., Guan, D., Friedrich, C., Aguilera, 1., Mi,
J., Iversen, B., Blugel, S. and Hofmann, P. Evidence for a direct band gap in
the topological insulator Bi 2 Se 3 from theory and experiment. Physical
Review B. 2013. 87(12): 121111.

Park, S. and Ryu, B. Hybrid-Density Functional Theory Study on Band
Structures of Tetradymite-Bi2Te3, Sb2Te3, Bi2Se3, and Sbh2Se3
Thermoelectric Materials. arXiv preprint arXiv:1610.06451. 2016.



189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

149

Kaczkowski, J. and Jezierski, A. First-principles study of X/Bi2Te3 (0001)
surface (X= Ag, Ni, Ti). Materials Science Poland. 2008. 26(4): 939--845.

Li, C. Y., Ruoff, A. and Spencer, C. Effect of pressure on the energy gap of
bi2te3. Journal of Applied Physics. 1961. 32(9): 1733-1735.

Austin, 1. The optical properties of bismuth telluride. Proceedings of the
Physical Society. 1958. 72(4): 545.

Li, A., Shahbazi, M., Zhou, S., Wang, G., Zhang, C., Jood, P., Peleckis, G.,
Du, Y., Cheng, Z. and Wang, X. Electronic structure and thermoelectric
properties of Bi 2 Te 3 crystals and graphene-doped Bi 2 Te 3. Thin Solid
Films. 2010. 518(24): e57-e60.

Lawal, A. Density functional theory study of electronic properties of Bi2Se3
and Bi2Te3. Malaysian Journal of Fundamental and Applied Sciences. 2017.
12(3).

Li, Z., Si, C., Zhou, J., Xu, H. and Sun, Z. Yttrium-Doped Sb2Te3: A
Promising Material for Phase-Change Memory. ACS Applied Materials &
Interfaces. 2016. 8(39): 26126-26134.

Zhang, J.-M., Ming, W., Huang, Z., Liu, G.-B., Kou, X., Fan, Y., Wang, K.
L. and Yao, Y. Stability, electronic, and magnetic properties of the
magnetically doped topological insulators Bi 2 Se 3, Bi 2 Te 3, and Sb 2 Te 3.
Physical Review B. 2013. 88(23): 235131.

Nguyen, T.-A., Backes, D., Singh, A., Mansell, R., Barnes, C., Ritchie, D. A.,
Mussler, G., Lanius, M., Griitzmacher, D. and Narayan, V. Topological states
and phase transitions in Sb $ _2 $ Te $ _3 $-GeTe multilayers. arXiv preprint
arXiv:1605.07214. 2016.

Nguyen, T.-A., Backes, D., Singh, A., Mansell, R., Barnes, C., Ritchie, D. A.,
Mussler, G., Lanius, M., Griitzmacher, D. and Narayan, V. Topological states
and phase transitions in Sb2Te3-GeTe multilayers. Scientific reports. 2016. 6.
Procarione, W. and Wood, C. The optical properties of Sb2Se3[] Sb2Te3.
physica status solidi (b). 1970. 42(2): 871-878.

Sehr, R. and Testardi, L. The optical properties of p-type Bi2Te3 + Sh2Te3
alloys between 2-15 microns. Journal of Physics and Chemistry of Solids.
1962. 23(9): 1219-1224.



200.

201.

202.

203.

204.

205.

206.

207.

208.

150

Olson, J., Li, H., Ju, T., Viner, J. and Taylor, P. Optical properties of
amorphous GeTe, Sb 2 Te 3, and Ge 2 Sb 2 Te 5: The role of oxygen.
Journal of applied physics. 2006. 99(10): 103508.

Lefebvre, 1., Lannoo, M., Allan, G., Ibanez, A., Fourcade, J., Jumas, J. and
Beaurepaire, E. Electronic properties of antimony chalcogenides. Physical
review letters. 1987. 59(21): 2471.

Lu, Q., Zhang, H.-Y., Cheng, Y., Chen, X.-R. and Ji, G.-F. Phase transition,
elastic and electronic properties of topological insulator Sb2Te3 under
pressure: First principle studyProject supported by the National Natural
Science Foundation of China (Grant Nos. 11204192 and 11174214) and
Jointly supported by the National Natural Science Foundation of China and
the China Academy of Engineering Physics (NSAF)(Grant No. U1430117).
Chinese Physics B. 2016. 25(2): 026401.

Rahdar, A., Eivari, H. A. and Sarhaddi, R. Study of structural and optical
properties of ZnS: Cr nanoparticles synthesized by co-precipitation method.
Indian Journal of Science and Technology. 2012. 5(1): 1855-1858.

Humlicek, J., Hemzal, D., Dubroka, A., Caha, O., Steiner, H., Bauer, G. and
Springholz, G. Raman and interband optical spectra of epitaxial layers of the
topological insulators Bi2Te3 and Bi2Se3 on BaF2 substrates. Physica
Scripta. 2014. 2014(T162): 014007.

Kalampokis, A., Hatzikraniotis, E. and Paraskevopoulos, K. Study of the
deintercalation process in Bi 2 Se 3 single crystals treated with hydrazine.
Materials research bulletin. 1998. 33(9): 1359-1366.

Novotny, R., LosTak, P., Benes, L. and Horak, J. Preparation and some
physical properties of Bi2Se3— xSx mixed crystals. Journal of crystal growth.
1984. 69(2-3): 301-305.

Eddrief, M., Vidal, F. and Gallas, B. Optical properties of Bi2Se3: from bulk
to ultrathin films. Journal of Physics D: Applied Physics. 2016. 49(50):
505304.

Richter, W. and Becker, C. A Raman and far-infrared investigation of
phonons in the rhombohedral V2—-VI13 compounds Bi2Te3, Bi2Se3, Sh2Te3
and Bi2 (Tel— xSex) 3 (0< x< 1),(Bil— ySby) 2Te3 (0< y< 1). physica status
solidi (b). 1977. 84(2): 619-628.



209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

151

Savoia, S., Castaldi, G., Galdi, V., Alu, A. and Engheta, N. PT-symmetry-
induced wave confinement and guiding in g-near-zero metamaterials.
Physical Review B. 2015. 91(11): 115114,

Li, Y. and Engheta, N. Supercoupling of surface waves with g-near-zero
metastructures. Physical Review B. 2014. 90(20): 201107.
Rodriguez-Fortufio, F. J., Vakil, A. and Engheta, N. Electric levitation using
e-near-zero metamaterials. Physical review letters. 2014. 112(3): 033902.
Atuchin, V., Golyashov, V., Kokh, K., Korolkov, I., Kozhukhov, A.,
Kruchinin, V., Makarenko, S., Pokrovsky, L., Prosvirin, I. and Romanyuk, K.
Formation of inert Bi2Se3 (0001) cleaved surface. Crystal Growth & Design.
2011. 11(12): 5507-5514.

Tse, G. and Yu, D. The first principle study: Electronic and optical properties
in Bi 2 Se 3. Computational Condensed Matter. 2015. 4: 59-63.

Liou, S.-C., Huang, F., Sankar, R., Chu, M.-W., Chou, F. and Chen, C. Bulk
Excitations in single crystal Bi2Se3: Electron Energy Loss Spectroscopy
Study. Proceedings of the APS Meeting Abstracts.

Zhao, M., Bosman, M., Danesh, M., Zeng, M., Song, P., Darma, Y., Rusydi,
A., Lin, H., Qiu, C.-W. and Loh, K. P. Visible surface plasmon modes in
single Bi2Te3 nanoplate. Nano letters. 2015. 15(12): 8331-8335.

Stepanov, N., Nemov, S., Zhitinskaya, M. and Svechnikova, T. Optical
properties of doped bismuth telluride crystals in the region of plasma effects.
Semiconductors. 2007. 41(7): 786-789.

Thuler, M., Benbow, R. and Hurych, Z. Synchrotron-radiation photoemission
study of the V-VI layered compounds Bi2Te3, Bi2Se3, Sh2 Te3 and
Sb2Te2Se. Chemical Physics. 1982. 71(2): 265-270.

Fox, M. Optical properties of solids. AAPT. 2002.

Penn, D. R. Wave-number-dependent dielectric function of semiconductors.
Physical Review. 1962. 128(5): 2093.

Kuwahara, M., Endo, R., Tsutsumi, K., Morikasa, F., Tsuruoka, T., Fukaya,
T., Suzuki, M., Susa, M., Endo, T. and Tadokoro, T. Approach for measuring
complex refractive index of molten Sb 2 Te 3 by spectroscopic ellipsometry.
Applied Physics Letters. 2012. 100(10): 101910.



221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

152

Langhammer, H., Stordeur, M., Sobotta, H. and Riede, V. Optical and
electrical investigations of the anisotropy of sb2te3 single crystals. physica
status solidi (b). 1982. 109(2): 673-681.

Dordevic, S., Wolf, M., Stojilovic, N., Lei, H. and Petrovic, C. Signatures of
charge inhomogeneities in the infrared spectra of topological insulators
Bi2Se3, Bi2Te3 and Sh2Te3. Journal of Physics: Condensed Matter. 2013.
25(7): 075501.

Scrocco, M. X-ray and electron-energy-loss spectra of Bi, Sb, Te and Bi 2 Te
3, Sb 2 Te 3 chalcogenides. Journal of Electron Spectroscopy and Related
Phenomena. 1990. 50(2): 171-184.

Chen, Y., Chu, J.-H., Analytis, J., Liu, Z., lgarashi, K., Kuo, H.-H., Qi, X,,
Mo, S.-K., Moore, R. and Lu, D. Massive Dirac fermion on the surface of a
magnetically doped topological insulator. Science. 2010. 329(5992): 659-662.
Yazyev, O. V., Moore, J. E. and Louie, S. G. Spin polarization and transport
of surface states in the topological insulators Bi 2 Se 3 and Bi 2 Te 3 from
first principles. Physical review letters. 2010. 105(26): 266806.

Liu, C.-X., Zhang, H., Yan, B., Qi, X.-L., Frauenheim, T., Dai, X., Fang, Z.
and Zhang, S.-C. Oscillatory crossover from two-dimensional to three-
dimensional topological insulators. Physical review B. 2010. 81(4): 041307.
Zhang, Y., He, K., Chang, C.-Z., Song, C.-L., Wang, L., Chen, X, Jia, J.,
Fang, Z., Dai, X. and Shan, W.-Y. Crossover of three-dimensional
topological insulator of Bi2Se3 to the two-dimensional limit. arXiv preprint
arXiv:0911.3706. 2009.

Li, Y.-Y., Wang, G., Zhu, X.-G,, Liu, M.-H., Ye, C., Chen, X., Wang, Y.-Y.,
He, K., Wang, L.-L. and Ma, X.-C. Growth dynamics and thickness-
dependent electronic structure of topological insulator Bi2Te3 thin films on
Si. arXiv preprint arXiv:0912.5054. 2009.

Kato, T., Kotaka, H. and Ishii, F. First-principles study of surface states in
topological insulators Bi2Te3 and Bi2Se3: film thickness dependence.
Molecular Simulation. 2015. 41(10-12): 892-895.

Wang, G., Zhu, X., Wen, J., Chen, X,, He, K., Wang, L., Ma, X, Liu, Y.,
Dai, X. and Fang, Z. Atomically smooth ultrathin films of topological
insulator Sb 2 Te 3. Nano Research. 2010. 3(12): 874-880.



231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

153

Jiang, Y., Wang, Y., Chen, M., Li, Z., Song, C., He, K., Wang, L., Chen, X.,
Ma, X. and Xue, Q.-K. Landau quantization and the thickness limit of
topological insulator thin films of Sb 2 Te 3. Physical review letters. 2012.
108(1): 016401.

Weng, H., Dai, X. and Fang, Z. Topological semimetals predicted from first-
principles calculations. J. Phys.: Condens. Matter. 2016. 28: 303001.

Pauly, C., Bihlmayer, G., Liebmann, M., Grob, M., Georgi, A,
Subramaniam, D., Scholz, M., Sanchez-Barriga, J., Varykhalov, A. and
Blugel, S. Probing two topological surface bands of Sb 2 Te 3 by spin-
polarized photoemission spectroscopy. Physical Review B. 2012. 86(23):
235106.

Kim, M., Kim, C. H., Kim, H.-S. and Ihm, J. Topological quantum phase
transitions driven by external electric fields in Sb2Te3 thin films.
Proceedings of the National Academy of Sciences. 2012. 109(3): 671-674.
Mondal, W. R. and Pati, S. K. A study on the surface states of a topological
insulator: Bi2Se3. arXiv preprint arXiv:1208.1482. 2012.

Margine, E. R., Bocquet, M. L. and Blase, X. Thermal Stability of Graphene
and Nanotube Covalent Functionalization. Nano Letters. 2008. 8(10): 3315-
33109.

Kou, L., Yan, B., Hu, F., Wu, S.-C., Wehling, T. O., Felser, C., Chen, C. and
Frauenheim, T. Graphene-based topological insulator with an intrinsic bulk
band gap above room temperature. Nano letters. 2013. 13(12): 6251-6255.
Wickramaratne, D. Electronic, Vibrational and Thermoelectric Properties of
Two-Dimensional Materials: University of California, Riverside. 2015.
MEINI, Z. Electronic properties and topological phases in graphene-based
van der waals heterostructures. 2014.

Zhang, D., Lou, W., Miao, M., Zhang, S.-c. and Chang, K. Interface-induced
topological insulator transition in GaAs/Ge/GaAs quantum wells. Physical
review letters. 2013. 111(15): 156402.

Bedolla, P. O., Feldbauer, G., Wolloch, M., Eder, S. J., Dorr, N., Mohn, P.,
Redinger, J. and Vernes, A. s. Effects of van der Waals Interactions in the
Adsorption of Isooctane and Ethanol on Fe (100) Surfaces. The Journal of
Physical Chemistry C. 2014. 118(31): 17608-17615.





