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Abstract: Topological insulators are those materials which behave as insulators in their 

interiors but their surface shows conducting properties. These surface states is a mid-gap 

state, and continuously connect bulk conduction and valence bands. These states are possible 

due to the combination of spin-orbit interactions and time-reversal symmetry [1]. A three-

dimensional(3D) topological insulator supports novel spin-polarized 2D Dirac fermions on 

its surface [1]. BST serves as a good candidate for being a 3D topological insulator because 

the bulk contribution can be eliminated by tuning the composition. Thin films of BST for 

varying concentrations of Bi were grown and their electron transport properties were studied. 

 

Contents: 
1. Preparation 

• Installation and flashing of Silicon Substrate. 

• Growth of Bismuth(Bi) 

• Growth of Antimony(Sb) 

• Growth of Tellurium(Te) 

2. Growth of BST [(BixSb1-x)2Te3] 
• Sample #6 (x=0.50) 

• Sample #7 (x=0.75) 

• Sample #8 (x=0.25) 

3. Measurements and Analysis 

3.1 Longitudinal Resistivity 
• Sample #6(x=0.50) 

• Sample #7(x=0.75) 

• Sample #8(x=0.25) 

   3.2      Hall Resistivity  
• Sample #6(x=0.50) 

• Sample #7(x=0.75) 

• Sample #8(x=0.25) 

3.3  Weak Localization and Anti Localization 

3.4  Shubnikov de Haas Effect (Oscillations) 

4 Results 

5 Conclusion 

6 References 



 

 

 

1. Preparation 
Installation and flashing of 

Silicon Substrate. 
Silicon substrate was obtained from a 112̅ 

direction aligned sample. A small substrate 

was cut from the given sample. 11 2̅ 

direction was chosen as it gives the 

maximum intensity of the RHEED 

(Reflection High Energy Electron 

Diffraction) pattern. 

Silicon substrate was installed after 

preparing Ultra High Vacuum 

(P ~10−9𝑇𝑜𝑟𝑟) in the LT-STM chamber 

(Low Temperature-Scanning Tunnelling 

Microscopy (name of the chamber used)). 

 

Note: RHEED refers to Reflection High-

Energy Electron Diffraction 

Flashing: 
Silicon substrate from previous experiments 

was known to follow the equation: 

 

𝐿𝑜𝑔(𝐼) =  𝑎 𝐿𝑜𝑔(𝑇) + 𝑏 

where I represents the current flown in the 

silicon substrate, T is the temperature of the 

substrate and a,b are some constants to fit 

the linear curve. 

 

Flashing was done till a clear 7x7 RHEED 

pattern was observed and SiC spots below 

the (0,0) disappeared completely. 

 

 

 

 

 

 

 

 

 

 

 

 
 
Fig. 1 Before Flashing  

 

 

 

 

 

 

 

Fig. 2 After Flashing 

 
No SiC spot visible under 

the (0,0) spot 

SiC spot visible under the 

(0,0) spot 



  

 

Calibration of Bismuth(Bi) 
Bismuth was grown on Si (7x7) by the 

process of Molecular Beam Epitaxy(MBE) 

while observing the changes in the 

RHEED pattern of the sample. 

Bi was preheated for 10 mins under the 

conditions mentioned below. Si substrate 

was shut from the Bi beam using a shutter 

while preheating Bi. Preheating ensured a 

constant molecular beam. 

Conditions for the growth of Bi were: 

Deposition 
current Bi(A) 

Deposition current 
Si(A) 

Deposition  
Time(secs) 

7.1 0 100-103  

6.9 0 228-230 

6.8 0 290-310 

As it can be seen various deposition time 

were calculated which will be useful to 

modulate the concentration of Bi in BST. 

Bi growth was confirmed when the 7x7 

pattern changed into a 1x1 pattern.   

Calibration of Antimony(Sb) 
Similar process for Sb was applied. Sb was 

preheated for 10 mins under the conditions 

mentioned below. 

Conditions for the growth of Sb were: 

Deposition 
current Sb(A) 

Deposition current 
Si(A) 

Deposition  
Time(secs) 

10.50 0 690-710 

10.75 0 290-310 

10.85 0 190-210 

11.00 0 140-160 

11.10 0 95-110 

 

Calibration of Tellurium(Te) 
Te was preheated for 20 mins, note that 

this time exceeds that of Bi and Sb as Te is 

very volatile so it requires more time to 

create a constant molecular beam for 

deposition. Te was maintained about 10-20 

times that of Bi and Sb as the BST 

formation takes place when Te is in excess 

hence the conditions were:  

 
Deposition 
current Te(A) 

Deposition 
current Si(A) 

Deposition  

Time(secs) 

0.87 0 8-9 

 

 

Appropriate deposition currents for Bi, Sb 

were chosen to modulate the concentration 

ratio between Bi and Sb. 

Source: Google images 

Fig. 3 Schematic Diagram of the UHV chamber 

for MBE. 

 

 

 

 

 

 

 

 



 

 

 
2. Growth of BST  

[(BixSb1-x)2Te3] 

 
Sample #6 (x=0.50) 

 
BST sample on Si substrate was grown by 

preheating Bi, Sb and Te for 10,10 and 20 

mins respectively.  

Conditions were as follows: 
Deposition 
current  

Deposition current 
Si 

Deposition  
Time(secs) 

Bi = 7.10  100-103 

Sb = 11.1 48mA(291°C) 95-110 

Te = 0.87  9 

 

Ratio of Deposition rates: 

Bi: Sb: Te: 1: 1.03: 11.44 

 This helps to maintain the equal 

deposition of Bi and Sb which ensures the 

formation of sample with x=0.5. 

RHEED pattern was observed and 

disappearance of the 7x7 pattern (flashed 

Si substrate) confirmed the epitaxy. 

 

Ideally formation of layers lead to 

oscillation in the RHEED spot intensity but 

while producing this sample the RHEED 

oscillations could not be observed. 

This can be attributed to the background 

noise by the instruments near the chamber 

and the noise of the vacuum pumps as 

well. 

Changes in the RHEED pattern can be seen 

in the following pictures. 

 

 

Fig.4 Flashed Silicon(7x7) 

 

 

 

 

 

Fig.5 BST deposited on Si(7x7) 

 
Sample #7 (x=0.75) 
 

BST sample #7 was also grown in the 

same way as the sample #6. Preheat time 

of Bi, Sb and Te was 10,10 and 20 mins 

respectively. 

But the conditions were modified to attain 

the Bi (x=0.75)   
Deposition 
current  

Deposition 
current Si 

Deposition  
Time(secs) 

Bi = 7.10  100-103 

Sb = 10.75 70mA(291°C) 290-310 

Te = 0.87  9 

 

Ratio of deposition rates: 

Bi: Sb: Te: 1: 0.332: 11.44 

 



RHEED pattern was observed and 

disappearance of the 7x7 pattern (flashed 

Si substrate) confirmed the epitaxy. 

RHEED oscillations of the deposition yield 

the number of quintuple layers formed. 

 

 
Fig. 6 RHEED oscillations observed during BST 

#7 preparation. 

 

RHEED changes were as follows: 

 

 
Fig.7 Flashed Silicon Substrate 

 

Fig.8 BST deposited on Si(7x7) 

 

Sample #8 (x=0.25) 
BST sample #8 was also grown in the 

same way as the sample #6 and #7. Preheat 

time of Bi, Sb and Te was 10, 10 and 20 

mins respectively. 

But the conditions were modified again to 

attain the Bi (x=0.25)   

Deposition 
current  

Deposition 
current Si 

Deposition  
Time(secs) 

Bi = 6.8  290-310 

Sb = 11.1 36mA(291°C) 95-110 

Te = 0.87  9 

 

Ratio of deposition rates: 

Bi: Sb: Te: 1: 3.1: 34.44 

 

RHEED pattern was observed and 

disappearance of the 7x7 pattern (flashed 

Si substrate) confirmed the epitaxy. 

RHEED oscillations were observed of the 

deposition and hence the number of 

quintuple layers formed were known. 

 

 

 

Fig.9 RHEED oscillations observed during BST 

#8 preparation. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

3. Measurements and Analysis 

Thin grown films (three samples) of BST 

on Silicon substrate were installed in the 

PPMS (Physical Property Measurement 

System) to measure the electron transport 

properties. 

The sample was installed in the PPMS 

using an installation rod. The installation 

rod had a circuit board where the sample 

was mounted. A circuit using gold wires as 

circuit wires and indium as binding agent 

was made and then mounted on the 

installation rod. The circuit is shown in the 

figure below.  

 

 

Fig. 10 Resistivity Measurement Circuit 

 

 

Longitudinal Resistivity 

 
Longitudinal Resistivity measurements 

were taken on a series of temperatures 

ranging from 300K to 2K. 

 

 

 

 

Observations are as follows:  

 
Fig. 11 LR vs T(BST#6) 

  

 
Fig. 12 LR vs T(BST#7) 

 

Fig. 13 LR vs T(BST#8) 



 

Source: 

https://eng.libretexts.org/Core/Materials_Science/Electronic_Prope

rties/Resistivity  

Fig.14 Typical Intrinsic Semiconductor 

 

All three samples show similar trend in 

their variation of resistivity with 

temperature. They follow curves as a 

typical semiconductor with resistivity very 

low at high temperature and increasing to 

very high values near absolute zero. But 

notice that our samples show some unusual 

behaviour near absolute zero. It shows the 

saturation of the resistivity and does not 

follow the semiconductor graph which tend 

to go upward towards infinity. This 

saturation is the effect of the surface states 

which tend to show their effects in the low 

temperature regime as then their 

conductivity becomes comparable to the 

bulk. 

Another observation shows there exists a 

difference between the red and the blue 

curves. The red curve is from 300K to 2K 

and the blue curve is from 2K to 300K. 

The difference in the two curves is because 

of the different rate of temperature changes 

of the PPMS while going up and down the 

temperature range, and this is not an 

intrinsic effect.. 

 

 

Hall Resistivity 

The diffusion of electrons of a current (in 

X dir.) along Y dir. due to a magnetic field 

in Z dir. produces a Voltage (VH).   

This process of development of the Hall 

Voltage is called the Hall Effect.  

This defines a term known as the Hall 

coefficient. It is defined as  

 

Where  

RH = Hall coefficient 

n = carrier density 

e = charge of the electron 

B = magnetic field 

ρxy = Hall resistivity 

This implies that the slope of ρxy vs B will 

give the Hall coefficient and hence the 

carrier type (sign of the slope) and the 

carrier density. 

Hall Resistivity was measured for the three 

samples at 2K and varying magnetic field. 

Using the data, carrier density and carrier 

type was calculated. 

The plots are as follows: 

 

 

 

 

 



 

 Sample #6(x=0.5) 

 

Fig. 15 HR vs B(BST#6) 

Slope = -6.065x10-7 

Slope=1/n(-e) 

Carrier type=-e(electron) 

Hence, n= 1.031x1025 electrons/m3 

=1.031x1019 electrons/cm3 

---------------------------------- 

Sample #7(x=0.75) 

 

Fig. 16 HR vs B(BST#7) 

Slope = -1.323x10-7 

Slope=1/n(-e) 

Carrier type=-e(electron) 

Hence, n= 4.723x1025 electrons/m3 

=4.723x1019 electrons/cm3 

----------------------------------------------- 

 

Sample #8(x=0.25) 

 

Fig. 17 HR vs B(BST#8) 

Slope = 8.40x10-6 

Slope=1/n(-e) 

Carrier type=+e(hole) 

Hence, n= 7.43x1023 

electrons/m3 

=7.43x1017holes/cm3 

 

 

 

 

 

 

 

 

 

 

 

 

 



Charge Mobility: It is defined 

qualitatively as how quickly an electron 

passes through a substance subject to an 

electric field. 

It is related to the conductivity by the 

following: 

 

 σ = electrical conductivity  
 μe = electrical mobility 
n = carrier density 

e = charge of the electron 
 

This implies   

 

The electrical mobility was calculated and 

the data is as follows: 

Bi(x) Mobility 

0.75 0.002727819 

0.5 0.031650081 

0.25 0.019080213 

Fig.18 Mobility vs Bi(x) 

 

 

 

Weak Localization and Anti 

Localization 

Weak localization and weak anti-

localization are quantum interference 

effects in quantum transport in a 

disordered electron system. Weak anti-

localization enhances the conductivity and 

weak localization suppresses the 

conductivity with decreasing temperature 

at very low temperatures. A magnetic field 

can destroy the quantum interference 

effect, giving rise to a cusp-like positive 

and negative magnetoconductivity as the 

signatures of weak localization and weak 

anti-localization, respectively [3]. 

In a system with spin-orbit coupling the 

spin of a carrier is coupled to its 

momentum. The spin of the carrier rotates 

as it goes around a self-intersecting path, 

and the direction of this rotation is opposite 

for the two directions about the loop. 

Because of this, the two paths along any 

loop interfere destructively which leads to 

a lower net resistivity [4] 

Hikami- Larkin-Nagaoka equation tells us 

the change in the conductivity when a 

magnetic field is applied due to either 

Weak Localization or Weak Anti 

Localization. The equation is: 

 

Weak Antilocalization was observed near 

zero magnetic field. 

 

 
Fig. 19 LR vs B(BST#6) 



Fig. 20 LR vs B(BST#7) 

 

 

 

Shubnikov de Haas Effect 

(Oscillations) 

Shubnikov–de Haas effect (SdH) is the 

oscillations in the conductivity of a 

material when the material is subjected to 

very low temperatures and intense 

magnetic field. It is often used to 

determine the effective mass of charge 

carriers (electrons and electron holes) to 

understand more about the majority and 

minority charge carriers. 

An ideal observation of Shubnikov de 

Haas Effect would yield a plot like the one 

shown in fig. # where oscillations are 

clearly visible as B increases. 

 

Fig. 21 SdH oscillations 

 

Note that the measurements of all the three 

samples did not yield and observation of 

Shubnikov de Haas Effect. It may be 

accounted for the following reasons: 

• Impurities in the sample. 

• Working temperature (may be a 

temperature lesser than 2K was 

required for better observations). 

• Higher mobility is required. 

• Background noise. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4. Results: 

• Thin films of BST were successfully 

prepared for varying Bi amount. 

• RHEED Oscillations were 

successfully obtained (for two 

samples). 

• Longitudinal Resistivity was 

obtained as a function of temp and 

magnetic field. 

• Hall Resistivity was obtained as a 

function of magnetic field. 

• Carrier properties were studied and 

carrier trends were calculated. 

• Weak Anti Localization was 

observed. 

 

RHEED oscillations 

Sample No. 
 

RHEED 
Oscillations 
Observed 

No. of Quintuple 
layers observed 
 

6 No  None 

7 Yes 7 

8 Yes 5 

 

 

 

HR trend among the samples 

 

 

 

 



Mobility trend among the samples

  

Carrier trend among the samples

 

5. Conclusion 

• The sample was seen to shift its 

carrier type from electrons(n-type) 

to holes(p-type) as the amount of Bi 

was decreased. 

 

 

• Presence of weak antilocalization 

was observed but Shubnikov de has 

effect could not be observed. 

• BST as a 3D topological was 

studied. 

Sample Amount of Bi(x) Slope Carrier Type 

Carrier 

Density(no./cm3) 

BST#8 0.25 80.4e-07         Holes 7.44e+17 

BST#6 0.5 -6.06433e-07       Electrons 1.03062e+19 

BST#7 0.75 -1.32316e-07       Electrons 4.72354e+19 
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