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Abstract 
        Thermoelectric properties of cubic perovskite SrTiO3 have been investigated. The 
energy band structures are calculated using the total energy plane-wave pseudopotential 
method within the local density approximation (LDA) and generalized gradient 
approximation (GGA). The calculated energy band structures are then used in combination 
with Boltzmann transport equation to calculate the thermoelectric parameters of doped 
SrTiO3 especially seebeck coefficient, electrical conductivity and electronic thermal 
conductivity.  
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1. Introduction   
       Thermoelectric devices have gained interest 
as a power generation because it can generate 
electricity from waste heat and could play an 
important role in a global sustainable energy 
solution[1]. Thermoelectric materials convert 
thermal energy directly to electrical energy via 
Seebeck effect by temperature difference in solid 
materials[2]. An interesting application is the 
recovery of energy from exhaust gas of vehicles. 
In conventional vehicles driven by internal 
combustion engines approximately one third of 
the energy content of the fuel is dissipated as 
waste heat in the exhaust gas stream and this 
dissipation is at high temperature that in principle 
could be recovered by using thermoelectrics, 
based on thermodynamic limits. Therefore it can 
improve energy utilization efficiency and reduce 
CO2 emission. The conversion performance of 
thermoelectric materials can be accessed through 
dimensionless figure of merit, ZT : 
 

                         

where  is the temperature,  is the Seebeck 
coefficient, 

2 /                    (1)ZT TS σ κ=

ST
σ  is the electrical conductivity and 

 is the thermal conductivity[3].  κ
      The materials owning perovskite strcutures  
exhibit a number of attractive properties such as 
ferroelectric[4], piezoelectric[5], magnetic, 
catalytic[6], ionically conductivity[7], and 
thermoelectric properties[8].  Recently, several 
perovskite-type oxides have been studied for high 
temperature thermoelectric materials. Among 
them a single crystal of (Sr, La)TiO3 has been 
reported to have a high power factor comparable 
to that of Bi-Te alloy at room temperature [9]. 
Besides, a large power factor of 2-3×10-3 
W/m.K2, comparable to that of traditional 
thermoelectric material Bi2Te3[9], has been 
demonstrated in bulk SrTiO3[10]. Nonetheless,    
due to its high thermal conductivity of about 10 
W/m.K, the dimensionless conversion 

performance is only 0.1. To enhance the 
thermoelectric performance of SrTiO3, ion 
substitution approach has been proposed and 
investigated intensively both theoretically and 
experimentally[11]. In fact, electron-doped 
SrTiO3 can be considered to as an appropriate 
n-type oxide for high temperature 
thermoelectric applications[12]. 
    The main purpose of this study is to 
investigate the thermoelectric properties of 
SrTiO3 at various doping levels and 
temperatures by first principles calculations and 
Boltzmann transport equation. The calculated 
results obtained will be compared with the 
experiment.     
           

2. Materials and Methods 
2.1 Material Structure 
    The materials being studied in this paper is 
cubic perovskite SrTiO3. Its unit cell contains 
five atoms: one Ti atom at the cubic center, One 
Sr atom at the cube corner and three O atoms at 
the face center as illustrated in Fig. 1. 

 
 
 
 

a0  
 
 

 
 
 
    Fig. 1 The  cubic structure of perovskite-type 
SrTiO3. 

 

2.2 Computational Methods 

a ) Electronic structure 
      The electronic structures have been 
calculated by first principle method based on  
plane-wave pseudopotential density functional 
theory(DFT), as implemented in  CASTEP 
code[13]. Vanderbilt ultra-soft  pseudopotential 
within the CA-PZ form are employed[14]. Only 
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valence electrons are taken into account and 
represented as Sr(4s24p65s2),  Ti(3d26s2) and 
O(2s22p4). electronic exchange and correlation 
effects were described by local density 
approximation (LDA), generalized gradient 
approximation (GGA). The geometry 
optimization is determined using Broyden-
Fletcher-Goldfarb-Shenno (BFGS) minimization 
technique, with the threshold for converged 
structure: energy change per atom less than 

eV/atom, residual force less than 0.03 eV/ 
Å, stress below 0.05 GPa and the displacement of 
atoms during the geometry optimisation less than 
0.001 Å. The tolerance in the self-consistent field 
(SCF) calculation is  eV/atom. Plane wave 
cut-off energy of 340 eV and a 

Monkhorst-Pack k-point mesh have been 
used for the Brillouin zone integration to ensure 
well convergence of the computed structure and 
energies. 
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6 6× ×

61 10−×
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b ) Thermoelectric coefficients 
      To predict thermoelectric properties of 
materials, the BolzTraP program based on 
Boltzmann theory developed by D. J. Singh ’s 
group[15] has been modified and used in this 
work. The diagram of our approach is illustrated 
in Fig. 2. Technically, by using the calculated 
band structure in conjunction with the Boltzmann 
transport equation and the rigid band approach as 
described in details in [15], the conductivity of 
material is based on the transport distribution
           
 

 
    

Fig. 2 Diagram of calculations 
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Hence, the transport tensors can then be 
calculated from the conductivity 
distributions: 
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where κ0 is the electronic part of the thermal 
conductivity, υαβ is the group velocity, ƒ is the 
Fermi-Dirac distribution function, T is absolute 
temperature, and μ is chemical potential. It is 
worthwhile to mention that in the rigid band 
approach, the bands and hence σ ε

1S

are left 
fixed. This means that only band structure 
calculations are required, simplifying the 
calculations. To further simplify the problem, 
one can also assume that Seebeck coefficient(S) 
is independent of relaxation time (τ), hence it 
can be written as σ υ−=

0 1( )               (7)e
ij ij i jT α βα βκ κ υ σ υ−= −

. Eventually, the 
calculated Seebeck coefficients and electrical 
conductivities are then used to predict 
thermoelectric power factor ( PF = S2σ). Note the 
electronic thermal conductivity at zero electric 
current can be calculated using the following 
expression: 
 

  
 
3.  Results and discussions 
3.1  Electronic structure 
      The lattice constants from geometry 
optimization are 3.87 Å and 3.95 Å for LDA, 
GGA calculations, respectively while the 
experimental value is 3.89 Å [16].  
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Fig. 3 The LDA electronic structure of SrTiO3. 

 

Fig. 3 shows the LDA electronic structure of 
SrTiO3. It can be seen that SrTiO3 is a 
semiconductor with indirect energy gap 1.85 eV. 
A similar pattern with the gap of 1.83 eV was 
obtained for GGA calculation(not shown). Our 
calculations agree with other recent 
calculations[11]. It is worthwhile to mention here 
that the energy gaps calculated from density 
functional theory with LDA(GGA) underestimate 
the experimental gaps seems to be a known 
artifact of the LDA(GGA) methods[17]. The 
methods beyond the LDA with give correct band 
gap are required. These calculations include GW 
approximation[18], B3LYP[19], LDA plus 
U[20], screened exchange (sX)[21], and weighted 
density approximation (WDA)[22]. It is very 
instructive to investigate further and in fact, our 
calculations utilizing sX is being studied and will 
be reported elsewhere. In this work, we correct 
this problem by an empirical upward shift of the 
conductional band to the experiment value of 
3.25 eV[23] to obtain more realistic 
thermoelectric properties. 

 

3.2 Thermoelectric coefficients 
 The calculated Seebeck coefficient as a 
function of electron concentration is plotted at 
various temperatures in Fig. 4(a). It can be seen 
that Seebeck coefficients decrease with the  

increasing electron concentrations but increase 
with the increasing temperatures. On the other 
hand, the electrical conductivity with respect to 
the relaxation time is quite independent of 
temperature but very much dependent on 
electron concentrations as shown in Fig. 4(b).  
Hence, the power factor per relaxation time 
increases with increasing temperature but it is 
quite independent of electron concentration at a 
wide range as shown in Fig. 4(c).      
 
 
 
 (a) 

(b) 
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Fig. 4 (a) Seebeck coefficient (b) Electrical 
conductivity (c) Power factor and (d) Electronic 
thermal conductivity of SrTiO3 
 
 
    The calculated electronic thermal conductivity 
increases with both the increasing temperature 
and electron concentration as shown in Fig. 4(d). 
This is consistent with Wiedemann-Franz law. 
    To compare our predictions with available data 
reported in [10], Seebeck coefficient and electron 
conductivity are plotted as a function  of electron 
concentration at 300 K. Fig. 5 shows that our 
calculated Seebeck coefficients are about half of 
experiment values. Nonetheless, our predictions 
can capture the trend found in experiment. The 
calculated electrical conductivity as a function of 
electron concentration is shown in Fig. 5(b). Note 
that the relaxation time constant (τ ) 0.1×10-14 s 
was employed. Due to many effects, 
thermoelectric parameters from the calculations 

and the experiments are not the same as seen in 
Fig. 5 a) in case of the Seebeck coefficient. For 
the most important one, the band structure used 
in this study was calculated in the condition of 
absolute zero temperature which in general is 
temperature dependent.   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5 (a) Seebeck coefficient (b) Electrical 
conductivity of SrTiO3 compared with the 
experiment. 
 
4.  Conclusions 
      The thermoelectric properties of SrTiO3 
were studied by first principles calculation 
together with Boltzmann transport equation. It 
is found that Seececk coefficient decreases with 
increasing electron concentration and increases 
with  increasing temperature. The electrical 
conductivity is independent with temperature 
but increases with increasing electron  

(d) 

(c) 

(b) 

(a) 
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concentration. The electric thermal conductivity 
increases with both increasing temperature and 
electron concentration. 
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