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Table 1 ZnO lattice constants obtained from different experi-

mental groups
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Data sources

asb (A c (A reference
3.249 3 5.2057 [17]
3.249 2 5.205 4 [18]
3.249 5 5.206 6 [19]
3.2500 5.204 7 [20]
3.2497 5.205 6 [21]
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Table 2 Lattice parameters obtained by auto-optimization under different initial volumes

BIHR AR

Initial volumes (A%)

AL fE AR

Volume after optimization (A*)

A it A

Lattice constants a »b6 (A)

Al A% R

Lattice constant ¢ (A)

24.368 8 48.826 0
29.229 5 49.025 1
34.697 0 48.972 1
40.807 0 49.008 6
47.595 3 49.068 4
55.097 5 48.988 2
63.349 3 49.079 6
72.386 5 49.078 1
82.244 6 49.108 4

3.270 0 5.272 6
3.286 9 5.239 8
3.267 4 5.296 8
3.273 1 5.282 3
3.2820 5.260 1
3.278 6 5.262 4
3.276 4 5.279 3
3.2757 5.281 4
3.2751 5.286 6
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Table 3 Errors of lattice parameters obtained by auto-optimi-
zation under different initial volumes and experimental reference

value

) %2 Errors (%)
LIRGRENA

Initial volumes  fRfL/F MM @HHE L a0 WA C
(A% Volume after Lattice Lattice
optimization  constants a »b constant ¢
24.368 8 2.59 0. 64 1.29
29.229 5 3.00 1.16 0. 66
34.697 0 2.89 0. 56 1.76
40. 807 0 2.97 0.73 1.48
47.595 3 3.10 1.01 1.05
55.097 5 2.93 0.90 1.10
63.349 3 3.12 0. 83 1.42
72.386 5 3.12 0. 81 1.46
82.244 6 3.18 0.79 1.56

x4 TEVBERTENRULERIANRESBERES
BUSENRE
Table 4 Errors of lattice parameters obtained by auto-optimi-

zation under different initial volumes and state equation fitted

value
. "2 Errors (%)
BIIA A AR
Initial volumes AR R E a0 WS
(A®) Volume after Lattice Lattice

optimization  constants a »b constant ¢

24.368 8 0.77 0.47 0.17
29.229 5 0.37 0.04 0. 45
34.697 0 0.48 0.55 0. 63
40. 807 0 0. 40 0.38 0. 36
47.595 3 0.28 0.11 0. 06
55.097 5 0.44 0.21 0.02
63.349 3 0.26 0.28 0. 30
72.386 5 0.26 0. 30 0.34
82.244 6 0.20 0.32 0. 44
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Research on Lattice Optimization Methods Based on ZnO Primi-
tive Cell

YA Lixun, HUANG Baodan,LAO Feiling, XU Zhonghua,FANG Hui,CHEN Chunyan

(College of Physics and Electronic Engineering, Guangxi Normal University for Nationalities, Chongzuo, Guangxi, 532200, China)

Abstract: Taking the lattice optimization of ZnO primitive cell as an example, the differences of two lattice op-
timization approaches in VASP package are compared. One approach is the state equation fitted method.
Firstly,the parameter ISIF = 2 is set to keep the lattice volume unchanged,the ion position is optimized,and
the volume is performed scaling calculation to obtain the E-V diagram. Then, the equilibrium volume is ob-
tained by fitting the E-V diagram with the Brich-Murnaphan equation. Finally, the lattice parameters are re-
calculated by the equilibrium volume. The other approach is the auto-optimization method. The parameter
ISIF = 3 is set directly,the lattice volume and ion position are optimized,and the lattice parameters are read
directly after calculation. For ZnO primitive cell, the results show that the error of lattice volume,lattice con-
stants a .0, and ¢ obtained by the two optimization methods is 0. 28%,0.11%,0.11% ,and 0. 06 % , respec-
tively. Under different initial lattice volume conditions,the error range of lattice volume,lattice constants a »b
and ¢ obtained by auto-optimization method is 0.20% —0.77%,0.04% —0.55%,0. 04% — 0.55%,0. 02% —

0. 63%. Compared with the experimental reference value,the error of lattice constant obtained by the two op-
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timization methods is not more than 2% ,and the error of crystal volume is not more than 4% ,which belong
to a reasonable error range. In summary,{or the simple lattice system similar to ZnO primitive cell,the accu-
rate lattice parameters can be obtained by directly using ISIF = 3 auto-optimization.

Key words: first principles,znic oxide,lattice optimization,BM equation fitting, VASP
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