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Abstract. By using the molecular beam epitaxy growth technique, the impacts of growth 
temperatures for Bi2Te3 thin films were investigated, besides of the substrate temperatures on 
growth. Moreover, the full width half maximums, based on the X-ray photoemission 
spectroscopy measurements, have been shown clear results for Cr-Te bonds in chromium doped 
Bi2Te3 thin films. The current aim is a spotlight on enlightening how chromium is joined within 
Bi2Te3 epitaxial thin films in the process of doping concentration by providing detailed 
experimental evidences through the systematic structure and electronic investigations of the 
compound. 

1.  Introduction 
The three-dimensional topological insulators are known to have high modern connected materials in the 
memory devices environment and spintronic thermoelectric materials [1][2][3][4]. By molecular beam 
epitaxy process, Bi2Te3 epitaxial films are unpretentiously grown, a mechanism that appears as its limits 
in the volume output [5][6]. Reliance on stoichiometric configuration, the various crystal structures of 
bismuth tellurite phase may be possible, such as the BiTe structure forms with lower Te concentration 
while the , Bi3Te4 structure forms with higher Bi concentration  [6][7]. The most common phase 
structure for bismuth tellurite is Bi2Te3. Protected by time reversal symmetry, Bi2Te3 shows 
conducting surface state and insulated bulk states [8][9][10], and the presence of Dirac cone at Γ point 
within the Brillouin zone. This system has been heavily studied by many researchers 
[1][11][12][13][14]. In the present work, by using MBE growth, the best substrate temperature to growth 
Bi2Te3 phase was reported. Moreover, a deep analysis of XPS data for Bi2Te3 and the effect of doping 
with different concentrations of chromium were also presented. 
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2.  Experimental part 

2.1.  Growth. 
In this work, Bi2Te3 samples were grown on the BaF2 substrates. By investigating the substrate 
temperatures for the growth, different substrate temperatures have been considered to predict the 
electronic structures.  Moreover, the beam equivalent pressures for Bi2Te3 samples have been measured 
for each presented temperature in Table 1. The Bi2Te3 samples were grown by changing these 
parameters. Firstly, to clean the BaF2 substrate, the substrate was heated up to 350 °C for 12 minutes. 
Secondly, the substrate temperature is set to go down 275 °C during the MBE growth. Thirdly, the 
Bi2Te3 crucible is heated to 470 °C for 105 minutes. For low-temperature substrates below 275 °C, the 
samples show multiphase out of Bi2Te3 structure, which is the same case for high beam equivalent 
pressure for Bi2Te3. Fig. 1 shows x-ray photoemission (XPS) spectrum for Bi2Te3 films. For Te 
element, the highest core level peak, Te 3d, has been observed clearly below 700 eV and Bi 4f core level 
peak has been observed below 1150 eV. Fig. 2. shows ARPES measurements with high intense bulk 
valance bands and low intense surface state near to the Fermi edge. This result shows that the Bi2Te3 
sample was successfully grown. Fig .3 shows the variation between Bi2Te3 cell and BaF2 substrate 
temperatures for different samples. 

 

 
Figure 1. XPS spectrum for Bi2Te3 film on BaF2 substrate using Mg K-alpha E = 1.254 Kev. 

Table 1. The selected temperature values of Bi2Te3 cell and BaF2 substrate 

 

 

 

Figure 2. a) ARPES measurements of electronic bands spectrum for Bi2Te3 on BaF2 substrate, measured 
with hv = 21.21 eV at 70K. (b) EDC's taken from Fig. 2a over angle (wave vector) between -10, +5.8 deg. 
Measured using a He Iα line of a helium plasma lamp. (c) MDCs were taken from Fig. 2a integrated over 
energy 16 to 19.7 eV. 
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BaF2 substrate 
Temperature) 

Bi2Te3 crucible 
Temperature 

Beam equivalent pressure 10-

7mbar 

220 435 5.83 
235 450 5.32 
255 520 1.30 
275 470 4.76 
290 550 1.22 
310 470 1.70 
325 310 7.50 

 

 
Figure 3. The temperature of Bi2Te3 cell vs the temperature of BaF2 for different samples. The red 

dots represent unsuccessful samples. The blue dot represents a successful sample. 

2.2.  XPS data analysis. 
With new asymmetric pseud Vogit line shape function in (Eq. 1)[15][16][17], some changes with peak 
shapes in Cr: BiTe samples were detected by peak asymmetry and the full width of the half maximum 
(FWHM). When we exchanged the new sigmoidal function (energy-related term) with ordinary FWHM 
in pseudo Vogit function, significant analysis of XPS data can be provided the asymmetric line shape. 
The variation in FWHM can have a direct effect on the line effect. For a fixed value of FWHM, the line 
shape will be symmetric, while for changeable FWHM, the asymmetric line shape can occur due to the 
difference to the peak center, with a limited area under the same curve as mentioned in fixed FWHM. 
The FWHM changes from 0 to 2 ω0, where w0 is the origin of the FWHM for symmetric pseudo-Voigt 
function [18]. 

𝑝𝑠𝑒𝑢𝑑𝑜 𝑉𝑜𝑖𝑔𝑡 1 𝑚
4 ln 2

𝝎 𝜋
𝑒𝑥𝑝 𝝎 𝑚

𝝎  

2𝜋 𝝎  / 2 4𝑥2        
 …𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 1. 

𝑤
2 𝑤

1 exp a x b
 …𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 2. 

Where x = (E - Eo), b represents the sigmoidal shift, a represents the asymmetric factor, ω0  
represents the FWHM symmetry not equal to FWHM asymmetry, ω(x) is the actual FWHM of an 
asymmetric curve [16][17][18]. It is clear that depending on the value of m, the shapes of the peaks can 
be changed between Lorentzian and Gaussian shapes. XPS measurements for Bi 4f core level peaks for 
pure and Cr doped Bi2Te3 are shown in Fig. 4 (a) for pure Bi2Te3, (b) Crx:Bi2-xTe3 (x=0.075),  (c) 
Crx:Bi2-xTe3 (x=0.12). 
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Figure 4. The Asymmetric pseud Vogit line shape function for Bi 4f core level peak for (a) Bi2Te3, (b) 

Crx: Bi2-xTe3 (x=0.075) (c) Crx: Bi2-xTe3 (x=0.12). 
 
Asymmetric Voigt function for asymmetric peak shape shows that the asymmetries in Bi 4f core 

level peaks are non-detectable, despite the asymmetric factor a is greater than zero for the two doped 
samples, Fig. 4 b, c, the new FWHM w(x) does not have any change. Even though the used function was 
not sufficient to detect the asymmetry, the new FWHM w(x) was approximately constant for all Bi 4f 
core level peaks, which means there are no effective change in the natural line width of Bi 4f peaks (that 
is true if we ignore the instrumental resolution parameters in addition to the disordering on the sample 
surface). The splitting of spin coupling between 4f5/2 Bi and 4f7/2 Bi core level peaks was 5.4 eV. 

 

 
Figure 5. Asymmetric pseud Vogit line shape function for Te 3d core level peak for (a)Bi2Te3, (b) 

Crx:Bi2-xTe3 (x=0.075) (c) Crx:Bi2-xTe3 (x=0.12). 
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The XPS measurements for Te 3d core-level peaks are presented in Fig. 5 a-c for pure Bi2Te3, Crx:Bi2-

xTe3 (x=0.075) and Crx:Bi2-xTe3 (x=0.12), respectively. The two peaks are emerged at specific binding 
energies with spin-orbital splitting approximately 10.35 eV. Even though, there was an expectation to 
detect the asymmetric peak line shape with a pure sample. Our result shows that the new FWHM w(x) 
is slightly different between the doped and non-doped samples. As we may hypothetically assumed, by 
ignoring the instrument effeteness on the FWHM plus the roughness on the sample surface, we claim 
that this slight change in FWHM comes from different bonding of Te atom with Cr and Bi atoms (see 
table 2). Unluckily, for our energy resolution, we are not able to confirm that the slight change is due to 
the above reason. For those reasons, further studies are requested. 

 
Table 2. FWHM for core level peaks 4f5/2 , 4f7/2  Bi and 3d3/2 Te, 3d5/2 Te for Bi2Te3, and Crx:Bi2-xTe3 (x=0.075) 

Crx:Bi2-xTe3 (x=0.12) 

Sample 
FWHM 
Te3d3/2 

FWHM 
Te3d5/2 

FWHM 
Bi4f5/2 

FWHM 
Bi4f7/2 

Bi2Te3 1.42 1.45 1.33 1.31 
Crx:Bi2-xTe3 
(x=0.075) 

1.44 1.47 1.31 1.29 

Crx:Bi2-xTe3 
(x=0.12) 

1.47 1.54 1.32 1.29 

3.  Conclusions  
The recent study on V–VI semiconductors have shown that the 3D topological insulators are quite new 
scope to recognize new physics phenomena and applications. In summary, we have pointed out the 
convenient growth of Bi2Te3 thin film by the MBE method, and demonstrated the most efficient 
substrate temperature for the growth as well as for Bi2Te3 crucible. We claim that the Cr atoms may 
cause this change within FWHM values in 4fBi and 3dTe core-level peaks. In Particular, the presence 
of Cr 2p core level peaks match with Te 3d core level peaks at the same binding energy positions. 
Moreover, we assumed that samples with lower doping rate should present a more symmetric peak 
shape, due to fewer electrons in the bulk conduction band. 
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