56 9 2007 9
1000-3290/2007/56 09 /5371-05

ACTA PHYSICA SINICA

Vol.56 No.9 September 2007
©2007 Chin. Phys. Soc.

ZnO

2006

DFT
PDOS .
7Zn0O
P
PACC 7115H 7115M
1.
7Zn0

3.37 eV

60meV '°
7Zn0
7Zn0
ZnO p
7Zn0
/n0 n .
A Al Ga In /n
VIIA $ F
/n0
Zn0
p
p Zn0O
* 50201002

T . E-mail shdeng@ buaa. edu. cn

19

7n0

Zn0

*
100083
2
UspPp Zn0
7Zn0 TDOS 2p
2:1
p
p
Z/n0 B Al Ga
N P As
/n0  p s Al Ga In
p Zn0
p ZnO
Uspp
DFT LDA
Zn0
2.
2.1.
Zn0O
P63mc C67J-4 a = b =
0.325mm ¢=0.521nm a=F=90° y=120°.
cla  1.602 1.633



5372 56

. < Zn—0 0.1992 nm .
0.1973 nm’ E. =515eV 4x4
1 . x4 r Monkhorst-Pack
K
Brillouin
Q
1 7ZnO
2.2. L
2:1
7Zn0
N—AI
2
89
2x2x?2 7Zn0 2 3
N .
VASP ! 31
VASP LDA
MD 7Zn0
Pulay
Car-Parrinello 7n0
1
1 7n0
Al a c
Iwt% /A /A /A2 /A /A / eV/atom leV
pure 2x2x2 - 3.197 5.154 45.619 Zn—0 1.95 - -1.95 1.17
2N 2x2x2 0 3.180 5.197 45.516 Zn—N 1.91 4.479 -1.50 1.06
2N Al 3x3x2 1.17 3.200 5.132 45.510 Al—N 1.80 4.406 -1.85 1.06
Al—O 1.80
Zn—N 1.90
2N Al 3x2x2 1.77 3.189 5.161 45.453 Al—N 1.81 4.392 -1.84 1.06
Al—O 1.80
Zn—N 1.90
2N Al 2x2x2 2.69 3.179 5.164 45.194 Al—N 1.82 4.400 -1.78 1.06
Al—O0 1.80

Zn—N 1.90




Zn0

5373

a=0b=3.25

cla

Zn0

Al—N Zn—O0

78
LDA

3.2.

3 4

7Zn0  TDOS  PDOS
7Zn0
7Zn0
4 a

TDOS

3.2.1.
3 a

Zn0 PDOS

2p

4 a

12
AB AB
E fom = E total

E® AB
E 2olid E ”

solid

4.479 A.

3.2.2. ZnO

7Zn0
c=5.21A

Zn—N Al—O

DOS

2x2x2

A B
CEsolid + 1 - C Eso]id 1

180 |

150 |

120 |

60 -

DOS/(1/eV cell)
8

(a) 2N:2x2%x2

M

300

250 -

200 |

150

DOS/(1/eV cell)

100 -

50

(b) 2N, Al: 3x3x2

40
20
0

-0.12  0.00 0.12  0.24

A | !

160 |

120 |

80

DOS/(1/eV cell)

40 -

(¢) 2N, Al: 3x2x2

0.1

)

00 01 0.2

160 [

120 |

80 r

DOS/(1/eV cell)

40

(d) 2N, Al: 2x2x2

016 0,06 0.05 0.16 0.25

N,

0
160 -
120 |

80 -

DOS/(1/eV cell)

40 -

(e) pure: 2x2x2

3 7Zn0O
wt% 2N Al 3x3x2
d 2.69 wt% 2N Al

0

5 10

el /eV

a 0 wt%
c 1.77
2x2x2

2N 2x2x2 b 1.17

wt% 2N Al 3x2x2

e Owt% pure 2x2x2



5374 56
1
2.4 ¢
[ (&) 2N:2x2x2
L NPDOS
R 2.0 b— d
g
L
<
&
= my«
>
8
2 Zn0O
0.0 I L L ! \
L (b) 2N, Al: 2x2x2 Po = niexp(M) 4
200 . INPDOS kT
«8 n; E,
<
3 Ey T
5
Q
[a]
2 2 Zn0
fiel /eV
wt% E; 1.17 1.77 2.0
4 a 2N 2x2x2 b 2N Al 2x2x E¢/feV. 1.16  0.8454  0.8352  0.8010  0.7972
2 PDOS PDOS
3b—d 4.
E— 4 b
2p
Z/n0
8913 1 ZII_N AI_O Al_N
4 Zn—O0
3.2.3. Zn0
2.
p c
Po Mo
o = 7 2
Po g4, 3 51
q
Fo Mo Zn0
My = qry/my. 3
T .m

p*




9 7n0 p 5375

1 Vaithianathan V. Tee B T Kim S S 2005 J. Appl. Phys. 98 Journal of Functional Materials 36 1268 in Chinese
043519 2005 36 1268

2 Xiu F X YangZ Mandalapu L J Zhao DT Liu J L2005 Appl. 8 Yamamoto T Katayama-Yoshida H 1999 Jpn. J. Appl. Phys. 38
Phys . Lett. 87 252102 L166

3 Kang S H Hwang D K Park S J 2005 Appl. Phys. Leit. 86

9 Ozgiir U Alivov Yal LiuC Teke A Reshchikov M A Dogan S
Avrutin V- Cho S ] Morkog H 2005 J. Appl. Phys. 98 041301

10 Kresse G Hafner J 1993 Phys. Rev. B 47 558

11 Kresse G Furthmiiller J 1996 Phys. Rev. B 54 11169

12 Sahu B R 1997 Mater. Sci. Eng. B 49 74

211902

4 Tu]JG YeZZ Zhuge ¥ Zeng Y] Zhao BH Zhu L P 2004
Appl. Phys. Lett. 85 3134

5 WangZJ SongL] LiSC LuYM TianYX Liu]JY Wang
L Y 2006 Chin. Phys. 152710

6 Xiong W Zhao H 2007 Acta Phys. Sin. 56 1061 in Chinese 13 Yamamoto T 2002 Thin Solid Films 420-421 100
2007 56 1061 14 Yamamoto T Katayama-Yoshida H 1998 Jpn. J. Appl. Phys. 37
7 Zhang F C DengZH Yan JF Wang X W Zhang Z Y 2005 1910

First-principle study on the electronic structure and
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Abstract
We have investigated the electronic structure of p-type ZnO by adopting the ab-initio study of plane wave ultra-soft pseudo
potential technique based on the density function theory DFT . The cell parameters total density of states TDOS and partial
density of states PDOS of N atoms were obtained after optimizing the structure of ZnO. It was shown that the volume of the
primitive cell decreases with increasing content of the dopant. The p-type conductivity was realized easily by codoping with N and
Al in the ratio of 2:1 compared with doping with N alone. As the doping proportion increases the carrier concentration was

increased and the mobility was enhanced which leads to the improvement of the conductivity.
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