57 11 2008 11
1000-3290/2008/57 11 /7151-06

ACTA PHYSICA SINICA

Vol.57 No.l1l November 2008

(©2008 Chin. Phys. Soc.

p K ZnO

2
2008 4 9
Vo Zn; Vi K ZnO
2 K H
4 vV, 0.5eV
K;,-0-H;-0-V,, K ZnO p
p
PACC 7115M 7155G 7125T
1.
/n0 E,~3.37eV
Vo
Zn, ] p-ZnO
H
NO N ZnO ?
7/n0
p N
3
p
. 7Zn0 N
Ny 0.3 eV
p 1
* 51323040118 51308030201

F E-mail wujun1203 @ 163. com

*
2 1 1 1
710071
310018
2008 5 6
K H,
. 1 K
3V K+H ZnO 7n,
p
i Na /n
Na,, 0/ -1
0.1eV  0.2eV *. Li
I
1B Ag 126pm
P
> K 138pm
p K ZnO
KZn Hl
V,.  ZnO
\Y%
2.
Zn0O
P63me C61-4

Liy,

Na

6

Vo Zn;

a:b:

0.325nm ¢=0.521 nm a=3=90° ¥y =120° ¢/a =



7152 57

1.062.c /n—0 0.199 nm 4
0.197 nm”’ . hep 4 . 7Zn0O
2x2x%x2 1

Lo

1 /n0 a KZnO b K+H 7ZnO ¢ Vo- K+H ZnO d Zn- K+H ZnO e V- K+ H  ZnO
f 2x2x2

Material Studio 4.0

CASTEP . CASTEP 3.
DFT 3.1. 70 K Zn0  K+H 7Zn0
/n0 2 a
i 3a Zn3d  02p
- LDA 02p
/nds
E,. =300.0 eV 8 _
2x107° eV - 6—
0.05 eV/A 0.1 GPa 7 eV 2b ¢ 3b—f
K 4x4x2 : E,=0.73 eV
36 x 36 x 54. 0.9 eV
3.37 eV
20%—30% " .
) 7n 3d°  4¢ 0 Zn0 K Zn0 2 b 3
28 2p' K 4s' b



11

p K ZnO

7153

feE eV

L —] —
\/_\' —
4r </\/\ L \/\
0 p—~——==zz------F----z=== S"K"'Z il s =g====o=
I ——— —————
-2t — E == —
—— ————tt T~ =] 4
T ™ T Ty g
T T T | e S oy
4 F T L ]
===
-6 —
G F Q zZ G F 0 zZ G F 0 zZ G
(a) FAEZnO (b) K:ZnO (¢) K+H:ZnO
2 /m0 a K7ZnO b K+H ZnO ¢
100 ' (2) #ABZnO P (d) Vo-K+H:ZnO
80 :
60 :
40 ;
20
0 :
100 (b) K:ZnO (e) Zn;-K+H:ZnO
> 80 E
L '
~ )
2 .
2 60 .
3 :
o '
~ '
w40 -
bl :
£ :
20 .
0 :
100 (¢) K+H:ZnO ¢ (D) Vp-K+H:Zno
3 Zn0 a KZnO b K+H 7ZnO ¢ Vo- K+H ZnO d Zn- K+H 7ZnO e Vz- K+H ZnO




7154 57
P
MOCVD . H
K H" H, H
K 7n H™ H*
74 pm 415 7n0
O0—Zn H' . H
H unintentionally doping 1
Z/n0
1
7n0 K ZnO K+H ZnO K+H ZnO K+H ZnO K+H ZnO
- KZn KZH Hi KZn Hi VU KZn Hi Zni KZH Hi VZn
/10* eV -3.440 -3.346 -3.348 -3.304 -3.519 -3.176
3 a—ec¢ Zn0 Zn0 0.15 eV +1 +2
Vo 0.61 eV 0/ +2
/n0<K ZnO< K+H ZnO.
p .H Vo  Zn;
~0.5eV " 1 Zn;
0 Zn0
Chris 1 0
O0—H.—0 Hls 02s Zn0 Vo
K s O p /n, Vo
/n0 Zhang 7 7n;
H
3.3. V. K+H ZnO
p-Zn0O
Zn0 e Vi 0, Vo
K 7ZnO /n, (0] 0,
p Lee* V, K+H ZnO
3f V
3.2. Vo Zn, K+H ZnO o
0—
Vo Zn; 0.5eV 3¢
7n0 n P Vo
K+ H ZnO 3d v, V.
e Vo  Zn K+H ZnO 7n0
-1eV K
12 17

/n,

i



11 p K ZnO 7155
p
K 7ZnO p
T [on01] VZn
p
. 5 K ZnO p
KZn _O-Hi _O_ VZn
4 K Zn K—O
O «
Zn
0.5 eV
O = P
i Fin 4 .
® K ZnO H,
Vo Zn; Vi
1 K ZnO
4 Kz,-0-H;-0-V, K ZnO
p 2 H
- p 3V, Zn K+H
7Zn0 Zni
ZHO K VO 4 VZn
0.5eV
H
p
K-H 5 Ky,-0-H;-0-V,,
Vo Zn; Zn0 Vo Zn 0.5 eV
Vo H; K 7ZnO p
Zn; Ky
1 Ozgiir U Alivov YI Liu C Teke A Reshchikov M A Dogan S 9 Cohan A F Ceder G Morgen D Van de Walle C G 2000 Phys .
Avrutin V. Cho S J Morkoc H 2005 J. Appl. Phys. 98 041301 Rev. B 61 15019
2 Marfaing Y Lusson A 2005 Superlattices Microst . 38 385 10 Chen K Fan G H Zhang Y 2008 Acta Phys. Sin. 57 1054 in
3 LiJ WeiSH LiSS Xia) B2006 Phys. Rev. B 74 081201 Chinese 2008 57 1054
4 Lee E C Chang K 2004 J. Phys. Rev. B 70 115210 11 Duan MY XuM Zhou HP Shen YB Chen QY Ding Y C
5 Yan Y Al-Jassim M M Wei S H 2006 Appl. Phys. Lett. 89 Zhu W 2007 Acta Phys. Sin. 56 5359 in Chinese
181912 2007
6 WuJ Yang Y 2008 Mater. Leit. 62 1899 56 5359
7 Pearton SJ Norton DP Ip K Heo Y W Steiner T 2004 J. Vac. 12 Erhart P Albe K Klein A 2006 Phys. Rev. B 73 205203
Sci . Technol . B 22 932 13 ZhangJ K Deng SH Jin H Liu Y L 2007 Acta Phys. Sin. 56
8 Klingshim C Priller H Decker M Bruckner J Kalt H Hauschild R 5371 in Chinese 2007
Zeller ] Waag A Bakin A Wehmann H Thonke K Sauer R Kling 56 5371

R Reuss F' Kirchner C 2005 Adv. in Solid State Phys . 45 275

14 Chris G Van de W 2000 Phys. Rev. Leit. 85 1012



7156 57

15 Cox SFJ DavisEA KingPJC GilJM Alberto HV Vilao R 16  Wardle M G Goss ] P Briddon P R 2006 Phys. Rev. Lett. 96
C Piroto DJ Ayres de CN Lichti R L2001 J. Phys. Condens . 205504
Mat . 13 9001 17 Zhang SB Wei SH Zunger A 2001 Phys. Rev. B 63 075205

First principles investigation on conductivity
mechanism of p-type K ZnO~

Yang Yin-Tang'  Wu Jun' ©  Cai Yu-Rong®  Ding Rui-Xue'  Song Jiu-Xu'  Shi Li-Chun'
1 Key Laboratory of Ministry of Education for Wide Band Gap Semiconductor Materials and Devices ~Xidian University Xi' an 710071  China
2 College of Materials and Textile ~Zhejiang Sci- Tech University ~Hangzhou 310018  China
Received 9 April 2008  revised manuscript received 6 May 2008

Abstract

The electronic structures of potassium doped ZnO have been calculated by first principles plane wave-function
psuedopotential approach based on density-functional theory and local density approximation. Properties of some defects were
studied in order to explicate the conductivity mechanism of p-K ZnO including hydrogen interstitial H;  oxygen vacancy
Vo  zinc interstitial Zn; and zinc vacancy Vy, . The calculated results revealed that 1 K-doping introduced a shallow
acceptor besides increasing the system total energy simultaneously. 2 K-H ZnO decreased the system energy and increased the
system stability. 3 Although the formation of V; was more difficult than that of Zn; both of them were electronegative centers
and played a role in compensating for the acceptors. 4V, produced, shallow acceptor approximately 0.5 eV above the
maximum valence band which was beneficial for p-type conductivity. Finally it was proposed that the realization of p-type

conductivity in K ZnO may be due to the formation of a Ky,-0-H;-O-V,, complex.
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