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Fig. 1. Initial model of ZnO(002)/3-Bi;05(210) interface

with aggregation defects.
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Fig. 2. Convergence of interfacial layer spacing test data.
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Table 1.  Interfacial structure lattice mismatch.

U/A V/A
Zn0(002) 5.628 16.246
Biy04(210) 5.630 17.307
A R /% 0.018 3.160

R TR 4 A B ZnO/ 5-Bi,04 FH,
FEJAT BB ST AU AL S N — AR T A BR—A
AURT. R TSR 2 7 A SR )2 R AR AR
TESEF MR E T 20 Af B2 )2 T 45 .
TZA TS5 R REAIXRG B H S A SEFR ZnO FE SO BE
(1) PR RO L.

22 WEFE

SRS TH R Z REEE (DFT) 1) VASP (Vie-
nna ab initio simulation pack-age) AFELXT Fh A
SEREATACAL R i T A5 M5 AR SO BE AT AR
(GGA) BHEZE T H|H PBE (Perdew-Burke-Ernzer-
hof) 12 PRRA IR HL 7SS HORITAHOCH, B 7~ SR f i
FZ A AR AR @ S B2 S8 I (projector-
augmented wave, PAW) 77kl rHiR. HFH ¥
U oR RS TR R 1Y B 2 AR (1 13 R 450 eV,
A 5L DX HURE R H Monkhorst Pack 77 6 72 A5 1
4x1x1 kMU, G5 A T ik sl
FIHES N 1 x 105 eV/atom 1 0.02 eV/A.

3 #ER 536
3.1 SMEIG REEHTNEEE A BN

H GGA Jridxt A4 A 8UER ZnO/3-Biy 04
S AL, 152 5 RALRE = AL kgt an
K 3 Fin. TESLRIZEAY ZnO ], Zn31 I ee
B, Zn24 5 Zn29 &AL T HHm AL BRIE Zn31 1Y
BERT 5 Zn6, ZnT7, Znll, Zn12 H[n]E A AR
FHRIE AR AL & A 8RB ZnO/5-Biy0s
REAPALSE, Zng J8 B 5 S R )
S, X R Zny 5 R AR A R R ) 3
Y, [FIE Zn; (9 1F A 335 2 b T 3L Y AU
FAEHRREEFIRSEI T 0] Zn; ZR#%. AT 5-BiyOs
) 036 &EF ML, SV, &4 T RI7IE
TR, 7E B-Biy04 K Bil, Bi9, Bil2 ZbE ik
BV, AR NTE ZnO R R B A TE ks 5
TR NI kS, HA PR 1 R+

BT EE T 19, JF LATE ZnO 31 H 2 5 B Bl
BEIABR GG, (R 52 1) R TS A A 5 ), X iR
SNSRI T RIS T, AT 5-Biy04
MR O36 2Z e 1 B I & A BRATE, 78 5-Biy0s
WE BSGHT Y V. TV, W R IE 33 2
#dg, 3 EF vV, FMFE R Bil 5 Bi9, Bil2 &%
SR REVE FHASSH S s i) vV, A S

EYHESEYE

3 BAH 4 B RY Zn0O(002)/6-Biy04(210) B AL AL
o
Fig. 3. Optimization model of ZnO(002)/5-Bi,03(210) inter-

face with aggregation defects.
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Fig. 4. Interface energy of ZnO/B3-Bi,Os.
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Fig. 5. HOMO and LUMO energy of ZnO/(3-Bi,O3.
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6 EHMTTEE  (a) BB R 0 V/A; (b) BIZIREE N 0.1 V/A; (c) BIZSREZ N 0.25 V/A
Fig. 6. Differential charge density: (a) Electric field strength is 0 V/A; (b) electric field strength is 0.1 V/A; (c) electric field
strength is 0.25 V/A.
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Table 2. Bader charge analysis with different electric
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Layer Species Electric field/(V-A'!). Total/e Charge/e

0 339.845 32.155
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Fig. 7. Schottky barrier height of the interface.
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Fig. 8. Average work function along the z axis.
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Fig. 9. Interface density of states and partial density of states: (a) Electric field strength is 0 V/A; (b) electric field strength is

0.1 V/A; (c) electric field strength is 0.25 V/A.
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Abstract

The safe operation of power equipment largely depends on the overvoltage protection level of the arrester.
The ZnO varistors are widely used as the core components of the arresters in power systems because of the
excellent nonlinear volt-ampere characteristics. In order to study the electrical properties of ZnO varistors under
different external electric fields from the microstructure, the method of first-principles based on density
functional theory (DFT) is used, and structure of ZnO/3-Bi,O5 interface containing zinc interstitial (Zn;) and
oxygen vacancy (V,) defects is built. The results show that the V, defect migrates after full relaxation. The Zn;
shifts to the interface under an external electric field. The interface energy increases rapidly after the electric
field intensity has exceeded 0.1 V/A, which means that the interaction force between the interfaces becomes
larger, the distance between ZnO and [(-Bi,O5 layers decreases, and the conductivity increases rapidly. The
differential charge density, work function and Bader charge analysis method are used to calculate the barrier
height at the interface, which proves that the built-in electric field is an important cause ingredient responsible
for the non-linear volt-ampere characteristics of ZnO varistors. The effects of atomic orbital energy level, trap
energy level and energy gap on the macroscopic conductivity of ZnO varistors are analyzed by using the method
of density of states analysis. In this work are analyzed the different electrical parameters of the ZnO/3-Bi,O;
interface with aggregation defects by adjusting the intensity of the external electric field, and a new idea is

provided for learning the electrical characteristics of ZnO varistors.

Keywords: ZnO varistor, defects, micro characteristics, built-in electric field
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