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Theoretical calculation methods

Theoretical calculations were performed in Materials Studio software (BIOVIA Inc). Amorphous 

structural Zn2SnO4 (ZTO) model was built by molecular dynamics (MD) with Forcite module based 

on "melt and quench" method [1]. Firstly, 2×2×2 crystal ZTO supercell was geometrically optimized 

and then melt at 3000K for 1000ps with canonical ensemble (NVT), time step of 5fs, random initial 

velocity and classical force field. Afterward, the system was quickly quenched to 300K for 100ps with 

the similar simulation parameters except the initial velocity was changed to current. Finally, 

amorphous ZTO without oxygen vacancy was obtained, and ZTO structure with neutral oxygen 

vacancy was built by directly deleting a O atom, as shown in Fig. S1. The ZTO structure with doubly 

charged oxygen vacancy was modeled by further removing two charges from the supercell [2]. 

The properties were calculated by density functional theory (DFT) using CASTEP module [3]. 

The generalized gradient approximation (GGA) [4] and the Perdew-Burke-Ernzerhof revised for solid 

(PBEsol) [5] functional with OTFG ultrasoft pseudo-potentials [6] was adopted to investigate the 

exchange and correlation energies. The electronic configurations were (3d104s2) for Zn, (4d105s25p2) 

for Sn, (2s22p4) for O, respectively. The energy bandgaps were uniformly corrected by scissors 

operator of 3 eV. The cutoff energy of plane wave basis set was 571.4 eV and the Monkhorst-Pack k-

point grids were 2×2×2. The detailed convergence standards were as below: (1) Force tolerance was 

0.03 eV/Å; (2) Total energy limits to 10-5 eV/atom; (3) Max stress tolerance was 0.05 GPa; (4) Max 

displacement tolerance was 0.001 Å; (5) self-consistent field (SCF) converges to 10-6 eV/atom. 



Figures

  

Fig. S1 The amorphous models of ZTO structure (a) without and (b) with oxygen vacancy built for 

DFT calculation.

Fig. S2 is the Local density of state (LDOS) of ZTO without oxygen vacancy and with different 

oxygen defect. The Fermi level is set with the energy of 0 eV, marked as dotted line. Generally, all the 

valence band maximum (VBM) are mainly composed of the electrons from O atom and Zn atom. all 

the conduction band minimum (CBM) are co-dominated by the electrons of all atoms, and the 

contribution order is Sn atom, O atom and Zn atom, respectively. It may be the another reason why 

the amount of Sn is much closely related to the electron transportation and the mobility than that of 

Zn, although both Sn4+ and Zn2+ possess the expected electron configuration (n-1)d10ns0(n≥4), and 

the ion radius of the former is bigger than that of the later. Besides, the VBM of ZTO with neutral 

oxygen vacancy shifts towards lower energy direction compared with that of ZTO without oxygen 

vacancy, broadening the bandgap. No obvious movement of VBM and/or CBM are observed in ZTO 

with charged oxygen vacancy.  



Fig. S2 LDOS of ZTO without oxygen vacancy (a), with neutral oxygen vacancy (b) and charged 

oxygen vacancy (c).

Fig. S3(a), (b) and (c) are the partial density of state (PDOS) of Zn atom, Sn atom and O atom, 

respectively. It can be concluded that, the electrons near VBM result from the Zn 3d orbit and O 2p 

orbit, and the latter is dominant. The electrons near VBM are contributed from the Sn 5s orbit and O 

2p orbit and Zn 4s orbit, and the former two are primary. Fig. S3(d), (e) and (f) are the direct PDOS 

contrasts of Zn 4s, Sn 5s and O 2p, respectively. Generally, no obvious discrepancies are observed in 

PDOS between ZTO without and with charged oxygen vacancy, while the PDOS of ZTO with neutral 

oxygen vacancy shows overall movement in Zn 4d orbit and O 2p orbit towards lower energy direction 

and a PDOS peak in Sn 5s orbit appears near Fermi level. It is worth noting that, in Fig. S3(d), the 

PDOS of Sn 5s orbit of ZTO with charged oxygen vacancy is higher that of perfect ZTO, which may 

be the reason for the acceleration of electron transportation and the enhancement of mobility. 



Fig. S3 Partial density of state (PDOS) of (a) Zn atom, (b) Sn atom and (c) O atom in ZTO supercell.

The PDOS contrasts of (d)Zn 4s orbit, (e)Sn 5s orbit and (f)O 2p orbit in ZTO without oxygen 

vacancy and with different oxygen defects.



Tables

Table S1 Comparisons of processing temperature and field effect mobility berween this work and 

other ZTO related investigations. 

Material systems
Processing temperature

(℃)
Field effect mobility

(cm2/Vs)
References

ZTO 300 9.60 This work

ZTO 300 8.19 [7]

ZTO 250 2.00 [8]

ZTO 500 3.70 [9]

ZTO 400 13.20 [10]

ZTO 250 14.00 [11]

ZTO 350 10.70 [12]

ZTO 500 14.11 [13]

ZTO 400 5.50 [14]

ZTO 500 5.90 [15]

ZTO 500 8.76 [16]

ZTO 400 2.96 [17]

Al-ZTO 500 2.41 [18]

Al-ZTO 600 5.41 [19]

Al-ZTO 150 6.20 [20]

F-ZTO 350 7.93 [21]

Ga-ZTO 500 1.21 [22]

Hf-ZTO 400 1.15 [23]

Hf-ZTO 300 5.80 [24]

Li-ZTO 350 24.70 [25]

Li-N-ZTO 675 26.80 [26]

Mg-ZTO 400 0.27 [27]

N-ZTO 635 41.80 [28]

Nb-ZTO 480 5.32 [29]

Si-ZTO 400 1.00 [30]

Ta-ZTO 400 2.24 [31]

Ti-ZTO 600 0.52 [32]

Ti-ZTO 600 4.10 [33]



Zr-ZTO 500 4.02 [34]

Zr-ZTO 600 6.43 [35]
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