57 8 2008 8
1000-3290/2008/57 08 /5249-07

Vol.57 No.8 August 2008

ACTA PHYSICA SINICA

(©2008 Chin. Phys. Soc.

Mn N

Zn, xMn, ,0 N

1+ 1 2 2 1
1 310027
2 310027
2008 1 31 2008 6 24
NH; N Mn N Zn;_ ,Mn,O N 300 C
0, 400 C 0.5 h.X Zngy gsMny ;0 Mn ZnyggsMny ;0 N Mn N
N ZnyggMny 1, O ZnygsMny 1, O N
002 Hall Zng Mg, O N n
P Zng s Mng ;0 N
M, Mn”* 0.20 30d M, 3%
Znp.ssMnp 1,0 N M, Mn** 0.702;, 30d M,
Zig s Mg O N
7Zn0 Mn N
PACC 7550P 7280E 7360L
Zn,_ Mn_ O
1. 0 Zn
: Mn
DMS Lim °
GaAs Zn,_ Mn,O
Dietl 2000 Mn p p
p-Zn0O 7n0 As Zn,_ Mn, O
DMS . Kittilstved N
7Zn0 /n O n Zn,_ Mn,O
p-Zn0 1
7Zn0 As P N 7/n0  DMS
p-Zn0O As P N N Zn0O
p-Zn0 g p-ZnO p —
Dietl 10* NH;, N EBRE
em™ p-Zn0O p Si 001 Mn N
Zn0O Zng g M, ;, 0 N Zng g My, O N
7Zn0 0,
DMS Mn Zn0 Zny Mny ;0 N
Zn,_,Mn,O Zng gMn,y ;0 N
* 50472058

T E-mail djqiu@zju.edu.cn



5250 57
3.
2.
1 EAC 2000-125
EBRE Si 001 Zny Mn, ,O N X XPS X
Mn Zny s Mn, , O Mn N Mg 1253.6
Zny s Mny ;0 N MnO, 65 ZnO 45 eV 50 eV. I a 2
. 10 Pa.N 0.5eV.
99.99%  NH, NH, 1 b ¢ d Zn2p Mn2p O 1s
2.5—3.5 x107° Pa 300 °C XPS 15
500 nm/h 2 h. 0.2 V. Ia o Z“m
Zn Mn .
Zng gsMny , O N
1b ¢ Zn2p Mn2p S
0, 400 °C 0.5 h. EAC 2000-125
1 b ¢ Zn 2p;,
200 55 Mg, O N Mn N Mn 2py, 1021.7  641.2 eV
X' pert-pro - X 637.7 eV Mn 642.4
XRD Alpha-step 200 RY Mt 7n Mn
HL 5500  Hall 42 e 7t M2
Lake Zn2p Mn2p /'
Shore 7407 M-H M+ M
12at% . 1d O 1s
2 8
® Zn 2p3/s
I 1021.7 |
T Zn 2p1/2
w5 ! y %
X =
ol 2
= ] =
0 1 1 1 ] 1 1 1
0 600 1200 1020 1030 1040 1050
Z5{vHs fev TR eV
2 r@© 4 Mn 2ps/s 1 |
3 641.2
% . Mn 2p1/2 ﬁ
= = |
= &
= _
0 JO V
6;10 6215 6510 665 540
ZE{vRg fev ZETBE eV
1 Si 001 Zny gsMng 1,0 N XPS a b n2p c Mn2p d 0O 1s



5251

c

002

8 Mn N Zng.ssMng ;0 N
+2 Mn®* In’*
530.4 531.4 eV Zn0
Zn—O0 O—H """ .0—H 7n0 Mn Zng s Mng 1, O
HN, Mn N Zny Mn, ,0 N 002
NH, H H". 002
XPS N 1s Mn** 0.080 nm
N ot 0.074 nm "
lat% N XPS 2 a b b
XRD  Hall 002 a
MnO, g5 ZnO o5 HN, b 34.43°  34.35°
HN, 0.26° 0.34° N- 0
N N- O 0.132  0.124
2 N N nm " Zny ¢ Mn, , O o- N
Zny g Mn, 1, O Zny Mn, ;O N 2
Zny Mny ,0 N XRD . 2 b c 002
Si 7Zn0 b c
. 34.35° 34.37° c 0.31°
XRD b 0.34°
0.1wt% . XPS Mn Zng g Mn, , 0 N
#
2 Si 001 Zny gsMngy 1,0 a Zng ggMng O N b
Zng.ssMng O N ¢ XRD a b c a b



5252 57
1 Zny sMn, ;0 N
1 N—H O—H H
n p H
Hall . N—H N
Zng g Mn, , O N n 0,
n 7Zn0 Mn 0 n
Zn,_ Mn, O
Zn0  Zn,_ Mn,O n /ny g Mn, , 0 N n p
Zn 0 Mn N 1 Zny ¢ Mn, , 0 N
Zny s Mny ,0 N 1/10
1\ 0 4
N Zn,_ Mn O 1
N NH; H Zn,_ . Mn_O XRD
N 0 N—H O0—H
O—H XPS H 3a b Zng g Mn, ,O0 N
Zn0  7Zn,_ Mn,O M-H
B Zng gsMng , 0 N n a b Zng sMny 1,0 N
1 Zny gsMng 1,0 N Hall
Jem> C! /Qem Jem> V™ !s™! /107 em ™3
n -7.31 4.16 1.76 8.55
p +61.88 7.96 7.77 1.01
0.2 @ I I : ] 0-8T (b)
= 1 £
- 0.0r 1 g 0.0
. H
= | 2
& &
70- 2 L -
: ) ) -0.8 X ) )
-8 0 8 -8 0 8
H/10° A'm™! H/10° Am™!
6 ] 0.8f (4
= - 2
P 1 & 0.0
# #
= =
ke B
_6 .
, -0.8F ) . )
-8 0 8 -8 0 8
H/10° Am™! H/10° Am™!
3 Si 001 Zny gsMny 1,0 N M-H b c d

30d



8 Mn N Zng s Mg 1,0 N 5253
N—H
M, Mn’* 0.207:, N 0
M, Mn**
0.705 . BMP
Mn 3¢ d 3a
Mn,; O, 42 K Zng Mng 1, O N Zny g Mn, ,0 N
Zng gsMng , O N 30 d M-H
XRD 3¢ d
Zny Mn, ,O N Zng gMny 1,0 N 30d M,
. N 3% 30 d
Zng g Mng , O N M,
Zng sMn, ,0 N
BMP R Hall Zng Mn, , O N 30 d
Zny eMn, , O N n XPS XPS 4
n 4 a c
Mn** 30d 0—H XPS Zn—0
Mn’* XPS
BMP BMP 4 b d
Mn’* 30d 0—H XPS n—0
e Zng gsMny ;0 N XPS
6 i
0 ~
524 I 5I32 I 540 524 I 51;2 540
B eV ZEHE eV

>

<

# .

z 3

i

= _
0 VAM/—

1 1 1

524 532 540

ZEhe eV

4 7Zng ggMng p0 N
30d

O1sXPS a b

TR /10°
w

]
524 532
AR eV



5254 57
30d Zng g Mn, , 0 N 0,
H H  ZnygMn, ;0 N .Iny g Mn, , O N Zn0
. Zng g Mny ;0 N
BMP M, n p
(0] 002
Zng s Mny , O N
XRD
H Zng gsMng 1,0 N .Zny gMny , O N
BMP
N—H
BMP H N
30d M, (0)
M, Zny sMny ;0 N
H Zng gMny ,0 N
NH; N EBRE Mn

1 Dietl T Ohno H Matsukura F' Cibert J Ferrand D 2000 Science 9 Wang N Kong CY ZhuRJ QinGP DaiTL NanM Ruan H

287 1019 B 2007 Acta Phys. Sin. 56 5974 in Chinese
2 Barnes T M Olson K Wolden C A 2005 Appl. Phys. Lett. 86 2007 56

112112 5974
3 Coey ] M D Venkatesan M Fitzgeral C B 2005 Nat . Mater . 4 173 10 Wagner C D Riggs WM Davis L E Moulder J F 1979 Handbook
4 Quesada A Garcia M A Crespo P Hernando A 2006 J. Magn . of X-ray Photoelectron Spectroscopy New York Perkin-Elmer p85

Magn . Mater . 304 75 11 GuZB YuanCS IuMH Wang] WuD ZhangST Zhu S
5 LimS W Jeong M C Ham M H Myoung J] M 2004 Jpn. J. N ZhuYY Chen Y F2005 J. Appl. Phys. 98 053908

Appl. Phys . 243 1280 12 XuHY LuYC XuCS LiuY X Shao C L2006 Appl. Phys.
6 Kittilstved K R Norberg N S Gamelin D R 2005 Phys. Rev. Lett . 88 242502

Lett . 94 147209 13 Chris G Van de Walle 2000 Phys. Rev. Lett. 85 1012
7 XuWZ YeZZ ZhouT ZhaoPH Zhu L P Huang ] Y 2004 14 Wolden C A Barnes T M Baxter ] B Aydil E S 2005 J. Appl.

J. Crys. Growth 26 133 Phys . 97 043522
8 Duan MY XuM Zhou HP Shen YB Chen QY Ding Y C 15 Kittilstved K R Gamelin D R2005 J. Am. Chem. Soc. 127 5292

Zhu W J 2007 Acta Phys . Sin. 56 5359 in Chinese 16 Kaminski A Das Sarma S 2002 Phys. Rev. Lett. 88 247202

2007 17 Liu C YunF Morkoc H2005 J. Mater. Sci. Mater. Electron .

56 5359

16 555



8 Mn N Zi s Mg nO N 5255

Influence of annealing on the properties of Mn and N
co-doped Zny gsMny 1,0 N films ™

Qiu Dong-Jiang' ©  Wang Jun'  Ding Kou-Bao>  Shi Hong-Jun®  Jia Yin'
1 Department of Physics Zhejiang University ~Hangzhou 310027  China
2 Department of Information and Electronic Engineering  Zhejiang University ~Hangzhou 310027  China
Received 31 January 2008 revised manuscript received 24 June 2008

Abstract

Mn and N codoped ZnO or Zn,;_,Mn,O N films were grown on Si 001 and quariz substrates via reactive electron
beam evaporation in the NH; atmosphere. The growth temperature was 300 °C. The as-grown Zng gs Mny 1, O N film was cut
into two pieces and one of them was then annealed in O, atmosphere at 400 °C for 30 min. X-ray diffraction measurements reveal
that Zng gsMny 150 or Zng ggMny 1,0 N films have the single-phase wurtzite structure. The 002  diffraction peak of
Zng ggMng ;0 N film is located at a smaller angle and has a wider line width compared with that of Zng gg Mng 1, O film. Hall
measurement shows that the as-grown ZnggMng ;0 N film is the n-type and changes to p-type after annealing. DC
magnetization analysis shows that the as-grown Zng ge Mny 1, O N films are ferromagnetic at room temperature RT but the
ferromagnetism FM is weak and unstable. However the FM of Zngy gsMny ;0 N film at RT is remarkably enhanced and its
stability efficiently improved by annealing in O, atmospher. The origin of FM of Znjy gsMny ;0 N film at RT as well as the

mechanisms of its FM enhancement and stability improvement by annealing are discussed.
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