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Fig. 1. Schematic view of Zng.g75Bag.1250 supercell

structure.
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Fig. 2. Supercell structure of Zng.50Bag.500 with different doping position.
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Table 1. Comparison of our work with experimental and theoretical values.

a/A  ¢/A c/a  Band gap/eV
Experimental 34361 3250 5.207 1.602 3.370
Theoretical 37=391 3283 5.289 1.611 0.750
This work (GGA)  3.411 5.505 1.614 0.694
This work (LDA)  3.316 5.301 1.598 0.661
This work (LDA+U) 3.275 5.231 1.597 3.332

— /% ‘g‘ /%  Relative error of band gap/%
ag CE

0.00 0.00 0.00

1.02 1.02 77.75

5.00 5.72 79.41

2.03 1.81 80.39

0.77 0.46 1.13

BRI SR A BREE. 2R LDA+U (Uzy: 34 =
10.50 eV, Uo. 2p = 7.00 eV) J7 ik}, 1H5H 1) ZnO
BB N 3.332 €V, 5 SRIR{A 3.37 eV N — 3,
THEE 5 S 56 1 AH X R 2 B179.41% (GGA),
80.39% (LDA) T B& 5 1.13% (LDA +U), 8 4t
TR ZnO 7R FOR BRI AR 27, FLES 11| (1 AH
HAEHHER 5.

H—JTH, AT aE- R TS RE S’
AN TR 35 2% A B0 TH AR R AR E VE B RS, X [
— R T B E S AR B 2% A B R SR
BMOTUME. MXBESHNEFBRE ST
N 50% B AN [F] 45 44 A7 B A4 R 1 8 /e 43 il
—11412.997 eV (E 2 (a)), —11409.147 eV (K2 (b))
A —11412.999 eV (2 (c)), F W =R ALK R 1
SREEAHZEAK, K518t (B2 () R R I
SEERIK, FIULASCR I S5 24 5 iR T 1528
AR

3.2 HEWLEM
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MR, 2, 3, 4, 5, 6, 7N Ba & 515241
5. B34t T Zng_,Ba, O 1k I8 55 — A6 B
X v R PR 7 0] B B i 46 4 1, X 2 K e 2 (B AL
L) Mg EE A, B 3 (a) 240 ZnO B R
B, K H LDA+U J5 0 H AR 58 8 3.332 eV,
A LU A e TR S5 2 i AL T [R] — & i AR LG
I ZnO J& F B 5 B SR o K3 (b)—
B3 (h) 2 %l /& 2 B 0.125, 0.25, 0.375, 0.5, 0.625,
0.75, 0.875 i} Zn;_,Ba,O M RET 45 M B, 1H 5 45
BEW: Bal& 78 NJE, Zny_.Ba,O AL 4514
KA T W E M, BB Ba il 713728 5 4 L
PRINB N EDVA i A DN =R N S

x M 0.250 48 2y 0.375 I 4K 5 1) 723 [ B B Pm A2 N
Cm, Z55 56 BRI R N &, Ha = 0.250 I
3.371 VIS K N 2 = 0.375 1 /1 3.838 eV( 4). Ba
BIS BN ZnO kLG, BT Ba &ML Zn (1
o, NIfT 3O B 1T % 1A Ba &1
77 16 () O 7 B2 2 LG SR R A Zn 85I EEOR, [T O
JE - F0 Zn J7 (8] (¥ o 2 & R R P gt i 2
HBRe TR SO, HT Bal TSN, £
P AL —10 eV AL B T B R ae iy, JF BB
% Ba 5L 23 LG IR 1Y Dok 6 Al ¥ 56 R 5 3
(K5 (b)—K 5 (h)), #— B 4G 33 THRIAEEL)
B AT JIX 2 B Ba J5 -1 p UE HL BT DU,
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Fig. 4. Dependence of band gap versus dopant per-

centage.
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K545t 7 ZnO MZn;_,Ba,0 (z = 0.125,
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A % JZ (density of states, DOS) 4% 52 & % &
(partial density of states, PDOS), it % it 72
Zn;_Ba, O MR L2035 43 il 9 O-2s22p,
Zn-3p%3d1%4s?, Ba-5s25p%6s2. 5 (a) ATLAE H,
ZnO S EEH Zn s M p P UL &b
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Fig. 5. The partial density of states of Zn;_,BazO.
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10 1 p BLIE LT oT R, HA il EE B =00
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v ], % Zn-3d HL A 823 O-2p T 2H G
3) —4.0—0 eV G F R B AL T Al 10, 2 O-
2p T HIRL. HHE 5 (b)— B 5 (h) AT AN, A Ba i
TG, X TR S RIS % T E, 548 Zn0
SERIAH LA AR B R, R TERE RN —25 eV
F—10 eV PHITHIL T8 A% LI, f HE 4 Ba
JEF B2 5 LU R, IR AT Y =, X2 Ba
() p BLIE L BT oTik. RIS 1 5 3R B: B % Ba
JE T 2% B 5 LI 0, Ba-6s $LIE LT 5 Zn-4s,
Zn-4p VAR O-2p Ui B K 4 T A EAEH, 815
Pt T O-2p HLF A% B K Re X B 3, 2

Ji& Zn-4s W7 A LW ) m e X B 3l BRI BE S
JZ5 52 1 0 LRGN Zny — . Ba, O 14 Z A 25 58
JEAEK.

K64ttt 7 20 Zn0 54 7% ZnO £ (111) i b
R EE, TLUE Y, Bagl F5EBO®F
(T =38 SRR AR T Zn 3+ 5 FH O &1 1)
BOR, YU Ba B 15 O B 1 (A A7 AE 5L [F L TE
A4, Ba—O B SEM AT Zn—O 8. FHR
/2 Ba 4 @ PE L Zn & @Y, SEO BT
FL Y B2 73 A1 1) Ba 21 BT [l i B8 12 2 LG SRR
Zn BT K, IXFE Ba B 15 HiAt O B 7 (1A
FAE R K F K Zn 87 5 HAh O B 1 1A
PER, AAETIUN, J 525 7 70 UK, ok Hy 7%
JEE (7R A R OK

Pure ZnO

ZnO-Ba

K6 ZnO Al Ba-ZnO {1 T ¥ K
Fig. 6. The electron density graph of ZnO and ZnO-Ba.

3.4 BaiBZXt ZnO SRS

T S5 M ZnO XMARYEAR, Zn 5 O ZTA) Y
LEE AL T BE AT B o 2 1E), PRI ZnO i ¢ Hl
75 18] B B AR A, ZnO 9 ¢ Bl (R 1k DA B A 1
T A FFAE 45 ZnO A B B B ik, SERHIE] Ba
B2 In0 Ja, MEHICAEREA U] LIS 220G,
LN AR R T ONTE S A N N GRS <
Tl A R R TR R AR A TS A B A A A R A
PSR B # 1 A A 145440 3 L STk [45] RO 9 46 R
2 WY B8 A 24 10 Bk R 1k RE 0 92 v S BH e HL i A5 1R
FOE R AE. K25 TARRTH SR
(¥ Ba 2% ZnO Ja i ST R E R NS5 S5, s
R W Ba s 2% ZnO dh A H R 35 2% (1 21 ZnO 14
M5, HaAs SO A TR, XS5 1A
P BN R A A, AR B F B 28 1
R A x M A FL B e

K3 T AR T A2 & B Bats
ZnO J5 1+ H TS Zn,_, Ba, O f& R IR 2 5 A0S
rHAE. AT, Bali 7B Zn BTN G, BT
FAIR R R F-24% (217 pm) 8145 ZnO 2680
ZEE R TS LA S Zng - Ba, O M R BRI K
AR, AR Zng -, Ba, O iR REURAL R
FRXF S HUEL A ZE S B AR AL, S5 AR AL R B Ba J5
THaR A g K 23 S, K E T
BARE RSB T5% I, MR E ROR . B
e, M, MR BB RS IR 195 2% 1 2 LL 3
REIRN S, X5 Ba Ji 7K 5% A K.
Ba J{i 745 2% [ 7> L, Zng _,Ba, O 1R RS54
SRR PER SRS ™ 5, (813 SN IR T R 5
A, X — iR a5 R SR m A A T BT
PE R AR A T AR (1 it 1 oL 7 A A 3 5 A A i )
R lE BOR AR (1) N8, KRB FASGH M
Zny . Ba, O VR 352 th B 7 Fe 45 30 (0 1 dot .54,
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#2 BaPBZZnO BRMNSEHSH
Table 2. Structural parameters of Ba doped ZnO systems.

Doping atomic Space a/A b/A c/A o s ”
percentage/% group
0 P63mc 6.82 6.82 5.50 90.00° 90.00° 120.00°
12.5 P3ml 7.04 7.04 5.64 89.99° 90.01° 120.08°
25.0 Pm 7.29 7.29 5.77 88.33° 91.67° 120.98°
37.5 Cm 7.02 7.02 5.74 88.87° 91.14° 118.05°
50.0 Ce 7.30 7.30 6.11 90.00° 89.99° 119.95°
62.5 Cm 7.68 7.68 6.05 90.05° 89.95° 119.91°
75.0 Pm 8.07 8.07 5.91 89.85° 90.14° 121.33°
87.5 P3ml 8.50 8.50 6.24 89.99° 90.00° 120.04°

117 A AL E ok & a0 B o T B0 Bk L b
A AR SR (B B i B A A v ot A AL
P —Nex
EoiE - e
_ Ne?(wg —w?) + ilw 1)
meo(wi — w?) + IMw?’
Hor x NN, e AT TN HEER, «
NFE S VE T BT IR T AL, —ex
NEA T AR RAANE, B OB, Ny

X:

R RO L, m AR TR, w AR, wo N T
M R A 3 T 7 B R, T Oy T IRahid i
RIS 238, P OINALIRSE. S35k, R 3 Fr] L
& IR KBRS AR, g,
z =Hh75 1A EREAZEAKR, X5 B R
Ik AR A AT 0%, B R g A AR A B Ak DA
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Table 3. Polarizability and dielectric constants of Ba doped ZnO systems.

Doping atomic Polarizability (x)

Relative dielectric value (&)

percentage/%

Tz yy 2z Xtotal T vy 2z €total
0.0 65.02 76.58 77.17 126.68 5.04 5.76 5.80 9.60
12.5 70.41 74.67 77.21 128.43 5.13 5.40 5.51 9.26
25.0 71.86 76.57 78.47 131.10 5.10 4.96 4.74 8.55
37.5 71.76 72.79 82.19 131.16 4.60 4.90 5.23 8.52
50.0 71.40 77.34 83.92 134.61 4.48 4.53 4.98 8.10
62.5 80.23 83.23 92.67 148.16 4.12 4.74 4.80 7.90
75.0 88.58 88.60 88.68 153.49 3.85 3.85 3.86 6.67
87.5 79.88 91.96 92.56 152.95 3.21 3.84 3.86 6.32
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Abstract

Wurtzite ZnO has long been considered to be a promising candidate material for photovoltaic application due
to its high power conversion efficiency. More interestingly and very recently, some research results suggested that
the ferroelectric property of the photovoltaic material introduced by chemical elements doping can promote its power
conversion efficiency significantly. Therefore, in order to understand the effect of Ba doping on the electronic structure
and the ferroelectric properties of ZnO and to reveal the potentially optoelectronic properties of Zn;_,Ba,O, the energy
band structure, the density of states, and the polarizability and the relative dielectric constant of the bulk Ba-doped
ZnO supercell system, in which the Zn atoms are partly and uniformly substituted by the Ba atoms, are investigated by
using the first-principles method based on the density functional theory and other physical theory. The norm-conserving
pseudopotentials and the plane-wave basis set with a cut-off energy of 600 eV are used in the calculation. The generalized
gradient approximation refined by Perdew and Zunger (GGA-PBE), the local density approximation (LDA) and the local
density approximation added Hubbard energy (LDA+4U) are employed for determining the exchange-correlation energy
respectively. Brillouin zone is set to be within 4 x 4 x 5K point mesh generated by the Monkhorst-Pack scheme.
The self-consistent convergence of total energy is at 2.0x107¢ eV/atom. Additionally, in order to obtain a stable and
accurate calculation result, the cell structure is optimized prior to calculation. The calculated results suggest that
the bulk Ba-doped ZnO semiconductor system is still a semiconductor with a direct wide band gap. The band gap
of Zni_,Ba,O increases gradually with Ba atom doping percentage increasing from 12.5% to 87.5%. Consequently,
the ferroelectric polarization properties and the dielectric properties of the bulk Ba-doped wurtzite ZnO materials are
tailored by doping Ba atoms. It indicates that the polarizability of Zn;_,Ba;O system increases with Ba doping atomic
percentage increasing, especially, the polarizability reaches to a maximum when the atomic percentage of doping is
75%. Meanwhile, the relative dielectric constant inversely decreases with Ba atomic percentage increasing. This is
attributed to the effective contribution of Ba atoms to the density of state at the bottom of the valence band. The
diagonalized components of polarizability imply that there are possible micro-domains in the supercell while applying
externally electric field to it. And the supercell presents a nearly isotropic polarizability macroscopically due to the

strong interaction among the electric dipole moments existing in the different domains.
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