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Abstract:
soft pseudo-potential approach of the plane wave based upon the density functional theory, and the structure change,

The electronic structures of pure and N-doped wurtzite ZnO were calculated using first-principle ultra-

bandstructure, density of state, the difference charge density, and the influence of p-type ZnO by H atom and N,
molecule were studied.
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Fig.1 Crystal structures for ZnO wurtzite supercell
(a) the top view of ZnO supercell, (b) the side view of ZnO supercell, (c) the side view of NosZnOy75 supercell.

The ZnO(2x2x2) wurtzite supercell is made by extending two units along lattice vectors a, b, c.
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Table 1 Lattice parameter, final free energy, band gap, width of top valence band at the I" point for
N doped ZnO and ZnO with increasing cutoff energy (E..)

E../eV a/nm c/nm GleV E,/leV Width of top valence band
340 0.3265"(0.3274" ") 0.5292(0.5271) —34323.886(—34323.886) 0.7935(0.954) 6.247(5.746)
360 0.3263(0.3269) 0.5279(0.5261) —34324.449(-17246.457) 0.7967(0.965) 6.271(5.775)
380 0.3250(0.3258) 0.5275(0.5260) —34324.532(-17246.525) 0.8007(0.966) 6.300(5.803)
400 0.3251(0.3257) 0.5274(0.5258) —34324.562(-17246.530) 0.8102(0.970) 6.306(5.804)
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Table 2 Lattice parameters and original cell
volume (V) of ZnO

a/nm c/nm cla V,/nm?*
calculated 0. 3258 0. 5260 1.614 0.048368
experiment!™ 0.3249 0.5206 1.602 0.047592
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Fig.2 Band structure of wurtzite ZnO

gity . BREEEM WSS, K 2 N
ZnO M RET Z5HI . W LA 1, ZnO [ iy 2 A
RIS I A KR, BI-6.0— —4.0 eV 1 F 7
-4.0-0 eV [ _EMar IX. & 3 2 ZnO ) A% A,
& 4 “HZnO(a).O(b) . Zn(c) W /3 PE A B A 1. K3
FIEAF AT LA H, ZnO _Fhir X EEEH 0 2p &
TR 10 s X 3£ 22 Zn 3d 25 5TmkAY; X T
O 2s BTHRAITE-18 eV AL M 384y, B T 5
AP s Z 0] A B S, B AEHE. XF
TSy, e FE SR T Zn 45 BAYTTHR, HHL T
HAW RN Zn 4s 5] O 2p ST R, 513E
AL B AN RIS B EE 5 ot IR RE R T
3fj, RIHAE ZnO & —A~ 8 FHERcR M LM 4 55
PR G 4B A R AR RERAT T GGA
AL, ABI5 H) A BRAE (E=0.96 eV)THSR IRAIL, X
PIEH T GGA 5 LDA #/AF1E E, THE (A % Y2
P (). X ZnO SRR, BRI A s
31T Zn 3d BRERE:, #E A Zn 3d 5 O 2p M EAEH

Density of state (electron-eV")

8
6k
41
2L
1) VI S R R S

|
-4 -10 -6 -2 2 6
EleV

E3 ZnO WEASEEE
Fig.3 Total density of state of ZnO

10

FIRE R, B85 JLA Mhalyale SE R, Al B A, (HaxX IFA
MRt ZnO 25 RS A, TN T T s
Ak R REAS 4548 5 SCHR[20] B9 FEIS AR RN SE 565 58 2 4F
A NI RN LT ZnO FETR 45 (K 2)h
FAILAAE H, ZnO J&—Fh B A5 2K, Al IS
Wy T F Brillouin X [#) T Ak, SRIET Zn 3d &
BT Al iR o R AR (b AR 2248, T O 2p BTk |
(ot D A R S T A/ = N S B R A = 8
A REART .
22 BEITE
2.2.1 NogsZnOoers i 1 % B &

AT, A2 NoasZnOooss Ak 5 500 %
3 . AILVE Y, BB A AT A WS ZnO 1)
FAR LA — UK, GGA TE T3 i s 5 Bt A
25 LSRR S, AN LDA kG (H GGA 1E g %f
LDA LA —Fh ek, FEAE SURE  FL B RE L T2 A
1IN T LDA IER™. T O 1B 1R
0.132 nm, O L4242 0.073 nm, N> B F-242
47 0.146 nm, N 342424 0.075 nm, )5 TG4
JEAFHT AT LA Y, N 5 Zn 22 ) 4k 24 0 240 i 40
KT 05 Zn Z[fb2ERE S B4y, BT A N DL
DR T (TE 35 24 iof SR IR AR S i A ri /), 5 52
gk WARSY, (BT N.O 5 T2 b2k iz

~2r@ — T ~ 7@

'% [ e o 351 . L — s

2 1er e d 530 © 8F 5 p

s | . 5 B -d

£ 3 ; 5 Bd

2 12f = 25 /Er 5 1 /Ep

L e s 2N = o

> 2 200 L~ NS < i

s gl 7 " =

@ s w— 1.5} i " &

3 | > I b

Z af g 107 A =

z ; g 05 P i Z s

g L .. ) ) =

8 od LR il ool A B a . M
-1 -14 -10 -6 -2 2 6 10 S8 -4 -0 -6 -2 2 6 10

ElevV

EleV

E 4 ZnO(a).0(b).Zn(c)M5ESZEE
Fig.4 Partial density of state of ZnO (a), O (b), Zn (c)



64 Acta Phys. -

Chim. Sin., 2008

Vol.24

R 3 NowesZnOges B RIREEFEETR(V,)
Table 3 Lattice parameters and original cell
volume (V) of N os25Zn0yg375

V,/nm*
0.048368
0.048335

a/nm c¢/nm
Zn0O 0.3258 0.5260
NoosZnOyg375 0.3250 0.5275
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Table 4 Population number (n) and band length (I) between atoms

Bond Zn—O0' Zn—0? N—Zn? N—Zn* Zn—O (doped)’ Zn—O0(doped)°
n 0.40 0.44 0.60 0.67 0.37 0.43
I/nm 0.1990 0.1994 0.1944 0.1934 0.2014 0.2006

1) perpendicular ¢ axis; 2) collateral ¢ axis; 3) perpendicular ¢ axis; 4) collateral ¢ axis; 5) perpendicular ¢ axis; 6) collateral ¢ axis
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Table 5 Lattice parameters, original cell, final
energy, and energy gap of Ny :sZn0g g5 with H

alnm c/nm Vo/nm®  Final energy (eV) E,/eV
H, 0.3298 0.5234  0.049125 —34341.482 0.76
H, 0.3281 0.5328  0.049500 -34341.576 0.67
H, 0.3287 0.5315  0.049622 -34341.578 0.43
H, 0.3257 0.5307  0.048999 -34341.633 0.79
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