Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2021

Supporting information

Multilevel Oxygen-vacancies Conductive Filaments in the B-Ga,0; Based
Resistive Random Access Memory

Jie Hou, # Rui Guo, # Jie Su, " Yawei Du,® Zhenhua Lin,® Jincheng Zhang,* Yue
Hao,? and Jingjing Chang™®
2, State Key Discipline Laboratory of Wide Band Gap Semiconductor Technology, Shaanxi Joint Key

Laboratory of Graphene, School of Microelectronics, Xidian University, Xi’an, 710071, China.

b, Advanced Interdisciplinary Research Center for Flexible Electronics, Xidian University, Xi’an,
710071, China.

*E-mail: sujie@xidian.edu.cn (J. S.); jjingchang@xidian.edu.cn (J. C.).



Table S1. The defect formation energies of Vs with different charge states at Er = 0

eV under the O-rich condition in the B-Ga,O3 supercells with 120, 160, and 300 atoms.

0 charge state +2 charge state
supercell
V V V V
o1 02 03 o1 02 03
1.2967 0.3729 0.5083 3.6041 4.0112 4.2763
120 atoms
1.2944 0.3721 0.5064 3.6038 4.0093 42711
160 atoms
1.2950 0.3709 0.5073 3.6046 4.0106 4.2715
300 atoms

Supercells of 120, 160, and 300 atoms are employed to verify the convergence of
defect formation energies. It can be seen from Table S1 that there is negligible
difference (less than 0.01 eV) between the defect formation energies obtained in
supercells of 120, 160, and 300 atoms, regardless of the position and charge state of

Vo. Thus, the 1 x 3 x 2 supercell of 120 atom is used to investigate the properties of

defective B-Ga,0s.




Table S2. The defect formation energies (eV) of charged Vps at different Ef (the

value of EF is listed in the parentheses) under the O-rich condition and Ga-rich

condition.
Under the O-rich condition
0 +1 +2 -3
Vo1 |3.61(2.26¢V) 341 (0eV) |1.29(0eV)
Voz | 4.03(2.26¢eV) 2.84(0eV) | 0.37(0eV)
Vos | 4.28(2.26¢V) 2.93(0eV) |0.48(0eV)
Vear | 4.85(0eV) -0.84 (2.26 eV)
Veaz 5.23(0eV) -1.15 (2.26 eV)
Under the Ga-rich condition
0 +1 +2 -3
Vor 050226 eV) 027 (0eV) |-1.81(0eV)
Voz  10.92(2.26¢V) 028 (0eV) |-2.74(0eV)
Vo3 1.17 (2.26 eV) 0.18 (0eV) | -2.63(0eV)
Ve 9.51(0eV) 3.81(2.26 eV)
Veaz 19.89 (0eV) 3.99 (2.26 eV)




Table S3. The calculated Bader charge for neighboring Ga-atoms around different Vo

in the B-Ga, 05 supercell.

0 2+
Pure B-Gay0; | Defective p-Ga,O; with V0 | DefectiveB-Ga,O; with V0

0 0 0 2+ 24 2+
Voi Vo2 Vo3 Vo1 Vo2 Vo3
Ga; | 1.75¢ 1.86 ¢ 1.83 ¢ 1.82¢ 226¢ 2.69¢ 2.6le

Ga, | 1.68 ¢ 1.78 1.73 ¢ 1.73 ¢ 221e 249 e 247 e
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Figure S2. Density of states and charge density distributions of (a) Vo, and (b) Vos in
B-Ga, 03, respectively. The marked /,, /,, and /. are respective the distance between Vg

and the O atom at its equivalent site along the a, b, and ¢ direction.
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Figure S3. The migration pathways of O-vacancies along the b direction. The path 3,

10 and 22 are respective the migrations of Vo, Vo, and Vo3, respectively.



