56 9 2007 9
1000-3290/2007/56 09 /5359-07

ACTA PHYSICA SINICA

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

2007 1 22
Mn Fe Co Cu N ZnO
N ZnO Mn Fe Co
Zn0
PACC 7110 7360P 7840G 7855E
1.
Zn0
3.37 eV
7Zn0
ZnO p-n
Zn0 0] Zn
Z/n0 n n
p ZnO p
\ ln-v
\ N
0.146nm O 0.138 nm
Kobayashi : N p
Zn0
Yamamoto  Katayama Yoshida *
p Zn0O “ "
p ZnO
N
* 2006B033

+ E-mail hsuming _ 2001 @ yahoo. com. cn

2007

Zn0O

*
1 1 1 13
610068
400065
621900
2 26
GGA
Mn Fe Co
N p ZnO.
34
Y amamoto 2
Zn0
56
diluted magnetic
semiconductors DMSs
. 2000 Dietl 7 Mn
/n0 Sato
§ Fe
Co Ni V Cr Mn Zn0
.7Zn0
/n0
7Zn0O
Jin o
3d
/n0 .
Ueda Co Ni Mn
Cr 7ZnO Co Zn0O
! Zng 45 Cop 05 O
/n0



5360

56

DMSs
p ZnO DMSs
12 Cu 7Zn0
Cu
B S0,
6% 12%  Zn,_,Mn,O
N p Zn0O
N 7Zn0  DMSs
N Ingss TM 155 09575 No.ps TM =
Mn Fe Co Cu
2.
2.1.
Zn0O
P63, Zn 0] c
a=0.3249 nm ¢ =0.521
nm o« =3=90° v=120° u=0.345. 7n
4 0]
Zn0, (0] Zn
Zn0 16
7Zn0 a b
2x2x1
Zn0
N
/n 0 12.5%
/n O 1.

2.2,

Material Studio 4.0
Castep cambridge serial total energy package
. Castep
density functional theory

GGA PBE

ultrasoft pseudopotential

1 ™ N 7Zn (0} 2x2x
1
0O-
25°2p" N-28"2p’ 7Zn-3d"4s’ Mn-3d’4s’ Fe-3d°4s’ Co-
3d'4¢’ Cu-3d"4s'
E,. =340 eV
Brillouin Monkhorst-
Pack k 4x4x5
FFT 36 x 36 x 27
2% 107’ eV/atom
0.05 eV/A 0.002
A 0.1 GPa.
3.
3.1. ZnO
/n0 N Zn0
. 2 a Zn0
3 Zn0 /n (0]
. Zn_
4s 7Zn-3d
-6.3—-3.0eV 0-2p -3.0—
0 eV -17—-16 eV 0O 2s
2 a Zn0O
I Zn0O
GGA

0.95eV  Min “



5361

Zn0

30%

15

_—
SN
=<
|

4 E
6

Co N

b

a ZnO

2

Zn0

7/n0.

-10

-15

(A3/suonose) /¥ B

Rt /ev

<
ws§
B ZZ
S 5 5 s =
el ~ [3e) N
(A3/suondsa) / ¥ B
2
N
zZ.
z
z
o =}
g S
~ o
=
o N
=
N
" 2
N z
<
z o
<
|

3.2.

10

-10

-15

Bl /eV

-7 eV—-5.0¢V

7n0

Zn0

2p



5362

56
ia N 70 (d) Zn;CuO;N
7Zn0
m )
N 7Zn0 = g
A " (€)Zn;CoO7N
Fe Co N %
3}
/n0 N Zn0 : /\
2 b Co N % - I |
e (b)Zn7FeO7N
70 Cu N 2
|
N e
Cu-3d104sl Zn-3d10 452 Cu /\
. [
o 0 /n  3d !
ol , (@Zn7MnO7N
N 20 :
W N -
. A N
N 2p 6 20 -15 10 -5 0 5 10
I \ it /eV
Cu N Cu
5 N ZnO
3d
N
N ' — N-2p
b (d) Zn;CuO;N T ——Cu3d
e tﬂ:
5
N 2p t- "
(¢)Zn7CoO7N ep —— N-Zp
—— Co-3d
3d d
>
5
. N -
) ent  —N-2
p % (b) Zn7FeO7N : [ Fe-3pd
B |
Zener 6
(a)ZnyMnO7N
4 .
N
7Zn0O N I
3d N 2p 0
-10
Zener Befl/ev
7Zn0
6 N TM-3d  N-2p
7 Mn Fe Co N
o Cu .Mn Fe Co



9 Zn0 5363

N O € w € w R w
. /n O I o L w . cV
/n O BZ K h
Cu O le M, K I w
Mn Fe Co E. K E, K
N O Zn )
2
\ Co 7 o ep%wizcm%m- M, K I’
Mn Fe Co N x8 E. k —E k - ho 1
Cu N
sz‘ € w +je2cu—12 )
g w +je, w +1
I w =«/§a)«/€%a) te w - o 73
Lw =¢, wle o +6 w . 4
Zn0
Co Mn Zn0 Co
Co N . 7Zn0O
John Freeout .
8 a 7Zn0 Sun
' 3 2.1 eV
O2p Znds 6.8
eV /n3d O2p
9.6 eV Zn3d O 2s
Co Co N
6.8eV  9.6eV 0.3 eV
3.1 eV 2.1 eV
Co 3d
7 Zn TMO,N TM= a Mn b Fe 0.3 eV Co 3d 3.1
¢ Co dCu eV O02p 7Znds
02p . 8 b
3.4. Zn0O 0.95 eV
ZnO .Co Co N
1.0 eV 7Zn0
Co d—d .
Ramachandran " " 658 nm 616
nm 568 nm
Co’* d—d
‘A, F >E G ‘A, F >'T, P
€ w €, w Kramers- A, F %A, G . 8 ¢ d

Kronig . . 2



5364 56
L w
16
1o (@) e3(w) ZngOs
ol Zn7CoOs L w . 8 d
-------- Zn7CoO7N
4 [ -~
0 — 14.5 eV
Loxiofp 1@ §  Co Co N
5
1. 0x10 Co N N
4 JEE
5. 010 ) Co
N R Mn Fe N Zn0
© R@) n Fe n
0.4 N\
0.2
0.0 - L ‘ 4 .
U L@
8 L
6 L
4l
2 L
0 ZnO
0 5 10 15 20
R /eV
00 Co Co N a p 7ZnO Mn Fe Co N O
b c d
Zn Cu 7Zn
3.2eV 14.3 eV Co Co N
10—15 eV 02s 7n3d Zn0
Zn0 Co
1 Kobayashi A Sankey O F' Dow J D 1983 Phys. Rev. B 28 946 12 PengXP Lan W Tan Y S Tong L G Wang Y Y 2004 Acta
2 Yamamoto T Katayama Yoshida H 2000 J. Cryst. Growth 552 214 Phys . Sin. 532705 in Chinese
3 Zeuner A Alves H Sann J et al 2004 Phys . Status Solidi C 1 731 2004 53 2705
4 Cheng S'Y 2004 Appl Phys Lett . 84 5040 13 Zhao YZ Chen CL Gao GM Yang X G Yuan X Song Z M 2006
5 ChenLL YeZZ Tu]J G Chu P K 2006 Appl. Phys. Lett. 89 Acta Phys . Sin. 553132 in Chinese
252113 2006 553132
6 YeZZ FeiZG Lu)G ZhangZH ZhuLP Zhao BH Huang 14 Min S P Min B 12003 Phys. Rev. B 68 224436
JY 2004 J. Cryst. Growth 265 127 15  Vispute R D Talyansky V Choopun S et al 1998 Appl. Phys . Lett .
7 Dietl T Ohno H Matsukura F et al 2000 Science 287 1019 73 348
8 Sato K Katayama-yoshida H 2000 Jpn. J. Appl. Phys. 39 555 16 Shen YB Zhou X Xu M Ding Y C Duan M Y Linghu Rong-
9 Jin Z Fukumura T Kawasaki M Ando K Saito H Sekiguchi T Feng Zhu W J 2007 Acta Phys. Sin. 56 3440 in Chinese
Yoo Y Z Murakami M Matsumoto Y Hasegawa T Koinuma H 2007
2001 Appl. Phys. Leit. 78 3824 56 3440
10 Ueda K Tabata H Kawai T 2001 Appl. Phys. Lett. 79 988 17 John L Freeout 1973 Phys. Rev. B 7 3810
11 LiuX C Shi Er W Song L X Zhang W H Chen Z Z 2006 Acta 18 SunJ Wang HT He J L Tian Y J 2005 Phys. Rev. B 71 125132
Phys . Sin. 552557 in Chinese 19  Ramachandran S Ashutosh Tiwari Narayan J 2004 Appl. Phys.

2006 55 2557

Lett . 84 5255


Absent Image
File: 0


9 7n0 5365

First-principles study on the electronic structure and optical
properties of ZnO doped with transition metal and N~

Duan Man-Yi'  Xu Ming' ¥ Zhou Hai-Ping'  Shen Yi-Bin'
Chen Qing-Yun'  Ding Ying-Chun' ~ Zhu Wen-Jun' *
1 Institute of Solid State Physics & School of Physics and Electronic Engineering  Sichuan Normal University ~Chengdu 610068  China
2 College of Electronic Engineering Chongqing University of Posts and Telecommunications ~ Chongging 400065 China
3 Key Laboratory for Shock Wave and Detonation Physics Research — Institute of Fluid Physics
China Academy of Engineering Physics Mianyang 621900  China
Received 22 January 2007 revised manuscript received 26 Feburary 2007

Abstract
The band structure density of states electron density difference and optical properties of ZnO co-doped with transition
metal Mn Fe Co or Cu and N have been investigated by using density functional theory based on first-principles ultrasoft
pseudopotential method. The optical properties of co-doped ZnO are similar to those of ZnO doped only with transition metal
Mn Fe Co and Cu  but rather different from those of pure ZnO. Moreover our calculation indicates that co-doping of

transition metal Mn Fe Co and Cu and N is in more favor of the formation of p-type ZnO.
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