58
-3290/2009/58 10 /7136-05

1000

10 2009 10

ACTA PHYSICA SINICA

Vol.58 No.10 October 2009
(©2009 Chin. Phys. Soc.

Al-2N

ZnO

-

2009 2 5 2009 2 20
DFT
7n0O 7n0
Zn0O
Zn0O
PACC 7115A 7115H 7120F
1.
8—11
Z/n0
3.37 eV 60 meV
GaN 25 meV  ZnSe 22 meV.ZnO 7Zn0
Zn0O
7Zn0 14
-v
= p  ZnO Zn0
7n0
n Al Ga I
= n Zn0
7Zn0. Zn0O
p 7ZnO. 1 V
p
p ZnO
p Zn0O
* 10862002

1 E-mail by0501119@126. com

010051

/n0
Zn0

12 13

Zn0

Zn0

Zn0
Zn0

7n0

7Zn0

7n0
7Zn0
2:1

2:1

14



10 Al-2N Zn0 7137

7Zn0 TDOS 1—3 VB
CB
Zn0 "
) 12 +
1o
2. 3 osf
P
E 6 VB CB
4] L
4 -
2.1. I
2 -
7Zn0 P63me 0 I f \
-10 0 10 20
CcoV-4 a=b=0.325 1 ¢ [P
=0.521 nm o = 8 =90° y = 120°. cla
1.602 1.633 .c 1 ZnO
/n—0 0.1992 nm
0.1973 nm 50
’ 10
2x2x1 3x2x1 . /Zn0O
% 30 |
N—AI @
8 og0t
® VB CB
. Zn0O 2x2x1 ol
18.75% 3x2x1 ‘,/J/A/V\\
12.5% . 0 ' . 1 .
-5 0 5 10
21 2x2x1 IR FRER /eV
DFT 2 Zn02x2x1
GGA 15—18
7Zn0 70 F
m:
340 CV. - 50 F
L I
© 40
3 N,
423 %0 L VB CB
20
3.1. 10 +
0 I I N \ F/"‘/l\/\
-5 0 5
7n0 3x2x M T & /eV
7n0 2x2x1 3x2
3 Zn03x2x1
x 1
7Zn0O

2x2x1 3x2x1 7n0



58

7138
1 .
7Zn0 .
" gy = L 3
23 my,
/n0 .
19 10]6_
2 3 10" em™?
2x2x1
P P2 3x2x1
x2x 1 pr 1.40625 3x2x1 1.559% 107 1.019x 10® em ™.
1.26849.
L6 7Zn0
1.4 n
—
1.2 F
Lol Zn0 P
S 0.8
. 2-[
0.6 [ Gizpﬂ%l 4
my
0.4 N
0.2 9 T
0.0 Y 1 1
0 3/24 3/16 7n0
NI
g Zn0 2x2x1
4 o, Zn0O 3x2x1
P2(12 ¥
Zn0 o my_L268A9x 24 o
4 Di o, plqul T 1.40625 x 16 T ’
N, m,
4 Zn0 3x2
x 1 7Zn0 2x2
7n0 x 1 1.35306 o,y >
o, Zn0O
. Zhu
0 14
7Zn0
3.2.
N; pi 2 3
pi o< N,T*.
T p
T oc NJ'T. 1-f E <1

i i



10 AI2N Zn0 7139
7Zn0 p
p ZnO
Zn0 p
4.

ZnO p

1 Bagnall DM Chen Y F ZhuZ Yao T Koyama S Shen MY Goto T L166
1997 Appl. Phys. Leit. 70 2230 13 Ozgiir U Alivov Ya I Liu C Teke A Reshchikov M A Dogan S
2 Ryu Y R Kim W J White H W 2000 J. Cryst. Grouth 19 419 Avrutin V. Cho S J Morkoc H 2005 J. Appl. Phys. 98 041301
3 Aoki T Hatanaka Y Look D C 2000 Appl. Phys. Leit. 76 3257 14 Zhang J K Deng S H Jin H Liu Y L 2007 Acta Phys. Sin. 56
4 Oh HJ Jeong Y Suh S J2003 J. Phys. Chem. Solid 64 2219 5371 in Chinese 2007
5 Takahashi H Fujimoto K Konno H 1984 J. Electrochem Soc.131 56 5371
1856 15  Ska K Z 2001 Thin Solid Films 391 229

6 Wilhelmsen W Hurlen T 1987 J. Electrocim Act . 32 85 16  Segall M D Lindan P J D Probert M J Pickard C J Has-nip P J

Shikanai M Sakairi M Takahashi H 1997 J. Electrochem Soc. 144 Clark S J Payne M 2002 J. Phys. Cond. Mait. 14 2717

2756 17 Marlo M 2000 Phys. Rev. B 62 2899
8 Kobayashi A Sankey O F Dow J D 1983 Phys. Rev. B 28 946 18  Yanfa Y AL-Jassim M M 2004 Phys. Rev. B 69 085204.1
9 Yamamoto T Katayama Yoshida H 2000 J. Cryst. Growth 552 214 19  Liu EK Zhu BS Luo J S 1998 Semiconductor Physics Xi’ an Xi'
10 Zeuner A Alves H Sann J Kriegseis W Neumann C  Hofmann D an Jiaotong University Press pl02 in Chinese

M Meyer B K Hoffmann A Haboeck U Straburg M Kaschner 1998

A 2004 Phys. Status Solidi. C 1 731 102
11 Cheng S'Y 2004 Appl. Phys. Lett. 84 5040 20 ZhuGF ZhwLP YeZZ Iu])G Zhao BH HuangJ Y Wang L
12 Yamamoto T Katayama-Yoshida H 1999 Jpn. J. Appl. Phys. 38 Zhang Z H Ji Z G 2005 Thin Solid Films 476 272



7140 58

First-principles study on the effects of the concentration of Al-2N
high codoping on the electric conducting performance of ZnO*

Hou Qing-Yu'  Zhao Chun-Wang Jin Yong-Jun
Department of Physics ~ School of Science Inner Mongolia University of Technology Hohhot 010051 China
Received 5 February 2009  revised manuscript received 20 February 2009

Abstract

Under the same condition ZnO models with different sizes are proposed by using the plane wave ultra-soft pseudopotential
technique based on the density functional theory DFT . Al and N with different concentrations are heavily doped in ZnO
semiconductor and the density of states of Al and N doped ZnO is calculated by DFT mothod under the condition of low
temperature. The relative average number of holes and the scattering mobility of holes in the valence band are calculated. We
find that heavily doping of Al-2N atoms with low concentration can enhance the conducting of ZnO which means that the
conductivity of ZnO semiconductor is related with not only the concentration of heavy doped Al and N but also the relative
average number of holes and the scattering mobility of holes in the valence band. The calculated results agree with the

experimental results.
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