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Supplementary Figures 

 

Fig. S1 The calculated energy band structure of β-Ga2O3 applied different temperature 
lattice parameters considering thermal expansion effects. 
 

 
Fig. S2 The calculated Seebeck coefficient S of n-type β-Ga2O3 at 300 K and 1600 K 
applied different softwares (AMSET and BoltzTraP). 
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Fig. S3 The lattice thermal conductivity of β-Ga2O3 with respect to the nearest 

neighbors for the anharmonic inter-atomic force constants. 

 

 

Fig. S4 The calculated mode Gruneisen parameters γ with respect to phonon 
frequency of β-Ga2O3 at 300 K. 
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Fig. S5 The calculated lattice thermal conductivity of finite-size (10, 30, 50, 100, 150 

and 200 nm) β-Ga2O3 as a function of temperature along [100] direction. 

 

 

 

Supplementary Tables 

Table S1 The calculated PO phonon frequency 𝜔  (THz), high-frequency 𝝐  and 

static 𝝐  dielectric constants of β-Ga2O3. 

Parameter 𝜔  𝝐  𝝐  

Calculated Value 24.05 4.37 6.20 

 

Table S2 The calculated elastic constants 𝐶  (GPa) of β-Ga2O3, compared with the 

previous data. 

 𝑪𝟏𝟏 𝑪𝟐𝟐 𝑪𝟑𝟑 𝑪𝟒𝟒 𝑪𝟓𝟓 𝑪𝟔𝟔 𝑪𝟏𝟐 

β-Ga2O3 363.07 474.61 459.25 154.97 90.10 130.28 172.52 

 𝑪𝟏𝟑 𝑪 𝟑 𝑪  𝑪  𝑪  𝑪   

β-Ga2O3 134.16 107.34 -9.90 20.76 1.03 18.90  
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Supplementary Notes 

Supplementary Notes 1. The elastic properties 

The β-Ga2O3 compound has the base centered monoclinic structure, with 13 

independent elastic constants (𝐶 , 𝐶 , 𝐶 , 𝐶 , 𝐶 , 𝐶 , 𝐶 , 𝐶 , 𝐶 , 𝐶 , 

𝐶 , 𝐶  and 𝐶 ).1 The bulk modulus B and the shear modulus G can be given by 

𝐵 = [𝐶 + 𝐶 + 𝐶 + 2(𝐶 + 𝐶 + 𝐶 )]                            (1) 

𝐺 = [𝐶 + 𝐶 + 𝐶 + 3(𝐶 + 𝐶 + 𝐶 ) − (𝐶 + 𝐶 + 𝐶 )]          (2) 

𝐵 = Ω[𝑎(𝐶 + 𝐶 − 2𝐶 ) + 𝑏(2𝐶 − 2𝐶 − 𝐶 ) + 𝑐(𝐶 − 2𝐶 ) +

           𝑑(2𝐶 + 2𝐶 − 𝐶 − 2𝐶 ) + 2𝑒(𝐶 − 𝐶 ) + 𝑓]                  (3) 

𝐺 = 15
[ ( ) ( ) ( ) ( ) ( ) ]

+

            3 + (𝐶 + 𝐶 )/(𝐶 𝐶 − 𝐶 )                              (4) 

Where, 

𝑎 = 𝐶 𝐶 − 𝐶  

𝑏 = 𝐶 𝐶 − 𝐶 𝐶  

𝑐 = 𝐶 𝐶 − 𝐶 𝐶  

𝑑 = 𝐶 𝐶 − 𝐶 𝐶  

𝑒 = 𝐶 𝐶 − 𝐶 𝐶  

𝑓 = 𝐶 (𝐶 𝐶 − 𝐶 ) − 𝐶 (𝐶 𝐶 − 𝐶 𝐶 ) + 𝐶 (𝐶 𝐶 − 𝐶 𝐶 )

+ 𝐶 (𝐶 𝐶 − 𝐶 𝐶 ) 

𝑔 = 𝐶 𝐶 𝐶 − 𝐶 𝐶 − 𝐶 𝐶 − 𝐶 𝐶 + 2𝐶 𝐶 𝐶  

Ω = 2[𝐶 𝐶 (𝐶 𝐶 − 𝐶 𝐶 ) + 𝐶 𝐶 (𝐶 𝐶 − 𝐶 𝐶 )

+ 𝐶 𝐶 (𝐶 𝐶 − 𝐶 𝐶 )]

− [𝐶 (𝐶 𝐶 − 𝐶 ) + 𝐶 (𝐶 𝐶 − 𝐶 ) + 𝐶 (𝐶 𝐶 − 𝐶 )]

+ 𝑔𝐶  

In terms of the Voigt-Reuss-Hill approximations2, B and G can be obtained by 

𝐵 = (𝐵 + 𝐵 )                                 (5) 

𝐺 = (𝐺 + 𝐺 )                                 (6) 

The longitude (𝑣 ) and shear (𝑣 ) sound velocity can be written as 



𝑣 =
/

                                   (7) 

𝑣 =                                         (8) 

The averaged sound velocity 𝑣  is obtained by  

𝑣 = +
/

                            (9) 

The Gruneisen parameter 𝛾 is written by3 

𝛾 =                                   (10) 

Where, 𝑣 =
( / )

( / )
 . 

The Debye temperature Θ  can be given by3 

Θ =
/

𝑣                              (13) 

Where, 𝜌 is the density, h is Planck’s constant, kB is the Boltzmann constant, N is the 

number of atoms in the unit cell, V is the unit cell volume. According to the above 

formula, the elastic properties of β-Ga2O3 is obtained. 
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