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ABSTRACT 

 
Bi2Se3 is known to be a good thermoelectric material and recently it has attracted more 

attention due to the evidence of topological insulating properties in them. Topological insulators 

can be defined as a new quantum phase of matter with bulk insulating and conducting surface 

states in three dimension and correspondingly edge states in two dimensions. The focus of this 

thesis is on growth and study of topological insulating properties in single crystals of Bi2Se3 and 

some doped Bi2Se3 composition using thermal evaporation. The single crystals are grown using 

modified Bridgeman technique under optimized conditions. We have also used these single 

crystals to grow thin films of some of the composition. The high quality single crystals are 

confirmed using Laue diffraction, High resolution transmission electron microscopy (HRTEM) 

and temperature dependent Raman spectroscopy studies. For surface investigations of thin film 

we have used scanning electron microscopy (SEM), atomic force microscopy (AFM) and 

elemental analysis using x-ray photoelectron spectroscopy (XPS).  

The topological properties of the single crystals and thin films are studied using transport 

and magneto-transport measurements. The main results and discussion of the thesis are given in 

Chapters 3-6. Chapter 3 mainly discusses the results obtained on parent Bi2Se3 single crystals 

(Chapter 3A) and Bi2Se3 thin film (in 3B). 

 Calcium is doped at bismuth site (i.e. CaxBi1-xSe3 with x = 0.0025 and 0.005) to lower 

the bulk contribution by pushing the Fermi level inside the valence band. The gate tuned weak 

antilocalization experiments were performed to differentiate the bulk and surface carriers, 

results are presented in chapter 4. We also doped selenium site with tellurium in an attempt to 
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enhance the surface properties in Bi2Te2+xSe1-x single crystals. The ternary topological insulators 

i.e. Bi2Te2+xSe1-x with x = 0, 0.05, 0.1 and 0.15 single crystals have been studied and they show 

various interesting features like linear magneto-resistance, universal conductance fluctuation 

and quantum oscillations, these results are discussed in chapter 5. The last chapter on results and 

discussion are on cobalt doped at bismuth site (i.e. CoxBi1-xSe3, with x = 0.1, 0.15 and 0.2) to 

host a magnetic ion in the system. Our results show that for 10% doping of cobalt on Bi site 

opens up a gap at Dirac point.  

Thesis is organized in to seven chapters 

First chapter (Introduction): This chapter contains a brief description on topological insulators 

and the overview of work done on three dimensional topological insulators. We have mainly 

focused on three dimensional topological insulators such as Bi2Se3 and Bi2Te2Se families.  

Second chapter (Experimental procedure) describes the experimental methods used for 

preparing single crystals and thin films. A brief description on characterization technique is also 

discussed. Multiutility probe is modified for transport measurements in MPMSXL-7 SQUID 

magnetometer by author is also discussed in this chapter. 

Chapter 3 is divided in to two sections 

Section A- In this section we study the temperature dependent Raman scattering studies of three 

dimensional topological insulators Bi2Se3.  

Section B – In this section we discuss the growth and characterization of Bi2Se3 thin films using 

Bi2Se3 single crystals as a precursor. 

Parts of the work presented in this chapter are published in J. Appl. Phys. 115, 173506 (2014) 

by Bushra Irfan, S. Sahoo, A.P.S. Gaur, M. Ahmadi, M. J-F Guinel, R.S. Katiyarand 
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Ratnamala Chatterjee and Advanced material Letters (2016) by Bushra Irfan and Ratnamala 

Chatterjee. 

In Chapter 4, results on calcium doped Bi2Se3 is discussed. Effect of gate tuned weak 

antilocalization in calcium doped Bi2Se3 topological insulators is also discussed.  

Part of this work is published in Solid State Communication 220, 45-48 (2015) by Bushra 

Irfan, B.P. Joshi, A. Thamizhavel, Mandar M. Deshmukh and Ratnamala Chatterjee. 

Chapter 5 is divided in to two sections 

Section A- This section describes the experimental evidence of surface states in Bi2Te2+xSe1-x (x 

= 0, 0.05, 0.10, 0.15) single crystals.   

Section B – In this section we discuss the growth and characterization of Bi2Te2Se thin films 

using Bi2Te2Se single crystals as a precursor. 

Part of this work is submitted for publication.  

In Chapter 6 the effect of cobalt doping in Bi2Se3 is discussed. The magneto-transport and 

Kondo effect is discussed in detail. 

Part of this work is published in Appl. Phys. Lett. 107, 173108 (2015) by Bushra Irfan and 

Ratnamala Chatterjee.     
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