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L�. XRD Ú PPMS

(JL², ØÓ�ò»¨�é�,���(�Ú^5kXé��K�. ý�ò»� Al �, ZnO ��vk*	�c
^5, 
�íò»��¬%w«Ñ²w�¿§c^5, c^5�5
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Ork'. 
éu Co �, ZnO ��, ý�ò»�2�íò», ¿§c^5²w~f. Ù^5Cz� Co lfÚ ZnO

ÄNm>Ö=£��^5OrÚmY Co �f��z��^5~fk'.

'�c: D^��N, c^5, ò»¨�

PACS: 75.50.Pp, 75.75.−c, 81.40.−z

1 Ú ó

�z (ZnO) ´�«äkØ>Ú1>A5�
°B���Ná�, 31�u1!ß²�>!Ø>
Úí¯á���¡ÑkX2��A^. Äu ZnO
ÄD^��N�ïÄòk|uuÐ81!>!^
u�Nì��muÚï�, Cc5¤�<�'5�
�: [1−3].

éuLÞ7á�, ZnO B�á��^5ï
Ä, ®²k
éõó� [2−5], �éuÙc^5�5

���3�Æ. k�ïÄö@�c^5´��
� [6,7], 
k�ïÄL²c^5
u�,âf¤/
¤�^5ìq½1�� [8]. d	, 'u�^5��
�, ZnO ���¿§c^5�k��, X Ma � [9]

éæ^ PLD �{��� Al/ZnO EÜ��?1

ïÄ, 3ý�ò»��¬¥*	�
¿§c^5,

3�íò»�^5��; Qi � [10] æ^�6�A
^�í�{��
 Al/ZnO/Al B�EÜ��, ý�
ò»�2�íò», Ñy
c^5. ù
¢�(J

L², ò»¨�é���¬�^5kXé��K�,
�´ÙK�ÅnEØ�Ù. Ïd, �\ïÄò»¨
�é�, ZnO ��^5�K�¿©ÛÙÅnéu
)²D^��N¥^55
´�~­��.

Äuþã©Û, ·�æ^�6^��í{, 3
�Ó���^�e, 3ÀæÄ.þ�È
�^5�
� Al Ú^5�� Co �,� ZnO ��, é�¬�
 ý�ò», 
�2�íò»?n, ¿©OéØÓ
ò»¨�e��¬?1
(�Ú^5�L�, ©Û

ò»¨�é��(��K�±9(�éÙ^5
Cz�K�Ån.

2 ¢��{

¢�æ^�6^��í{, í�qá´XÝþ
� 99.99%� Zn q!Co qÚ Al q, Ä.�Àæ, p
X�í (XÝ� 99.99%) �ó�íN, �AíN�
�í (XÝ� 99.99%). ¢�L§¥, �.ý�Ý`
u 10−5 Pa, ó�Ør� 1.6 Pa, Ä.§Ý� 200 ◦C.
í�����6þÏLgÄ6þO��, í�L§
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¥�±��'� 6:1 ØC. ��þÝÏLí��m
5��, þí� 40 min. 7á�,þ���ÏLN
!í�õÇ5¢y, Co qõÇ� 9.2 W, Al qõÇ
� 6.4 W. �È(å�, �¬3 300 ◦C ý�� ò
» 30 min, ,�òý�ò»���¬©�ü°, é
Ù¥��°3 300 ◦C ý�� ò» 30 min, ���
�ØÓò»¨�e� Al �, ZnO Ú Co �, ZnO
���¬.

æ^Ö= Panalytic úi)�� X ��û�
¤ (Cu-Kα ��) 5L����¬�(�, �¬�
^A5^{I Quantum Design úi)�� PPMS-
6700.Ôn5UÿÁXÚ?1L�.

3 (JÚ?Ø

3.1 (((���©©©ÛÛÛ

ã 1(a) � Ñ 
 X ZnO � � !Al � ZnO �
� 300 ◦C. ý�ò»±9ý�ò»�2�íò»
� XRD ãÌ. ã 1(b) ��A (002)û�¸��ãÌ.

lã 1 ¥�±w�, ���8�n ¶(�, vk
*	� Al 9Ù�zÔ,���Ñy. *	 1(b) u
y, �X ZnO ���', ý�ò»��¬�û�¸
²w��� £, (002)û�¸ £�Ý� 0.3208◦.
3�,� ZnO ���¬¥, c ¶�CzÏ~@��
�,lf�O�!��¥�í{Aå±9mY�
,�fk'. du Al3+ �lf�» (0.053 nm) �
u Zn2+ (0.074 nm) �lf�», 
� ZnO ��ä
k c ¶J`)��8�/n ¶(�, d��8�
�æÈÚ �8��æÈ��i@
¤, ù«(�
'�m�, ¤± Al �f3��L§¥éN´¤�
mY�f, l
Úå¬�)ä, �� c ¶.�, Ly
�û�¸�£. d	, ·��uy, �ý�ò»�
�¬�', �íò»�¬�û�¸�m £, ù�
U´3L�^�e,  u ZnO ¬�mY� Al �f
�õ�O�
 Zn � �, =C�
O�lf. d
u Al3+ �lf�»�u Zn2+ �lf�», ¤±Ò
��
û�¸�m £. �'uX ZnO ��, �í
ò»�¬�û�¸�´ �, ù�U´ ZnO ¬�¥
��3X�þ� Al mY�f¤�.

ã 1 (a) X ZnO ��!Al �, ZnO ��� XRD ãÌ; (b)(002)û�¸��ãÌ Aµ�íò» Vµý�ò»

ã 2 (a) X ZnO ��!Co � ZnO ��� XRD ãÌ; (b) (002)û�¸��ãÌ Aµ�íò» Vµý�ò»
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ã 2(a) �X ZnO ��!Co � ZnO ��3ý�
Ú�í¥ò»�� XRD ãÌ. ã 2(b) ��A (002)
û�¸��ãÌ. lã¥�±w����8�n 
¶(�, 
�, (002)û�¸�Cz5Æaqu Al �
, ZnO ��. ØÓ�´ý�ò»�� Co �, ZnO
���û�¸�� £�Ý (0.4562◦) ²w�uý
�ò»� Al �, ZnO ��� £�Ý (0.3208◦).
ù´du Co lf�» (0.072 nm) �u Al lf�
» (0.053 nm), ¤±Ü©mY Co �f¬Úå¬�
���)ä, �� c ¶.����, ¦� (002) û
�¸�� £�õ. 
éuý�ò»�2�íò
»���, (002)û�¸�m££, �´Ù££�Ý
Ñ�u�A� Al �,� ZnO ��. ù�U´d
u�íò»��õ�mY Co �fO�
 Zn � 
�, �� (002)û�¸m£, du Co �lf�»�
u Al lf�», ¤±��Ùm£�ÝÑ�u Al �
,� ZnO ��.

3.2 ^̂̂555©©©ÛÛÛ

^ÿþêâæ^©z [11] ��{?�. L 1 �
Ñ
ØÓò»¨�e�, ZnO ���^å!�Ú
^zrÝ!
�å. duý�ò»� Al �, ZnO
���^åÚÄ.[ÜØ��C, ¤±ØU@½Ù
äk¿§c^5. �íò»� Al �, ZnO ��w
«
²w�¿§c^5, M -H ­�Xã 3 ¤«. (
Ü XRD (J, ·�Ün�íÿ, ý�ò»�, ��
¥ Al Ì�´±mY�f�/ª�3, Al Ú ZnO Ä
N�m�>Ö=£��, ¤±����vkLy
Ñc^5, 3�íò»�, mY Al �f�õ��O
� Al3+ lf=C, du Al �>K5�u Zn �>
K5, Ïd, >f¬�N´�l Al =£� Zn2+ ?

/¤ Al3+, Al � ZnO ÄN�m�>Ö=£Or,
d�Ü© Zn2+ �zÜd¬ü$� Zn1+ ½ Zno [9].
3 Al Ú ZnO ÄN�mu)�ù«>Ö=£¬�
� Al Ú Zn �>f

L 1 ���^å!�Ú^zrÝ!
�å (1 Oe=79.5775 A/m)

�¬ ò»¨� M /emu Ms/(emu/cm3) Hc/Oe

Al �, ZnO
ý�ò» Øäk¿§c^5

�íò» 1.7×10−5 9.4 62

Co �, ZnO
ý�ò» 5.0×10−5 27.8 60

�íò» 1.0×10−5 5.6 50

(�u)UC, ?
��c^5�Ñy. éu

,
7á, X Ag Ú Au �, ZnO[12] �ïÄ�L²,
3 ZnO ÄN¥ Ag Ú Au ´±�f/ª�3�, v
k*	�¿§c^5, Ù�ÏÒ´ Ag Ú Au � ZnO
ÄN�m�>Ö=£�f. 'u>Ö=£��¿§
c^5�ÔnÅnïÄ�3?1¥.

éuý�ò»Ú�íò»�� Co �,� ZnO
��, þ*	�
²w�¿§c^5. M -H ­�X
ã 4 ¤«. lã¥�±w�, �'uý�ò»��
¬, �íò»���¬^5²w~f
. (Ü XRD
ãÌ�©Û, ù�U´duý�ò»��¬¥ Co
Ì�±mY�f/ª�3, �z^Ý, w«��r
�c^5. �íò»�, ��¡, mY Co �f�
õ��O� Co2+ lf=C, ¦ Co � ZnO ÄN�
m�>Ö=£Or, ?
��c^5Or; ,��
¡, 3L�^�emY Co �f´��z� CoO
½ Co3O4, 
 CoO Ú Co3O4 ��c^5, ¤±¬�
��¬c^5~f, �ö�m�3¿�. �'u Co
�^Ý�z, �¬¥>Ö=£�^Ý�z�f�
,
¤±�íò»��¬�c^5²w~f.

ã 3 Al �, ZnO ��� M -H ­�

ã 4 Co �,� ZnO ��� M -H ­�

3 Co �,� ZnO ��� XRD ãÌ¥, ·�
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¿vk*	� Co 9Ù�zÔ�û�¸, �´du
�þ�,Ú XRD &ÿ°Ý���, ¿ØUüØk
�þ Co �zÔ�)¤. du8cÿÁ^�¤�, ·
��ØUé�¬¥��þ��?1ÿ½, Ïd, ·
�Ün�íÿ�íò»��¬¥�3 Co ��z
Ô, �´�c^5 Co �zÔ��3, ��
�¬�
^5u)
Cz, ù«íÿ�·��^ÿþ�(J
´���.

4 ( Ø

æ^�6^��A�í{��
�^5�

� Al Ú^5�� Co �,� ZnO ��, þ� ý�
ò»�2�íò»?n. ïÄ(JL², ò»¨�
é�,���(�Ú^5kXé��K�. ý�ò
»� Al �, ZnO ��vk*	�c^5, �íò
»��¬w«
¿§c^5. c^5�5
��í
ò»��� Al Ú ZnO ÄNm>Ö=£Ork'.
éu Co �,� ZnO ��, þ*	�
²w�¿§
c^5, 
�ý�ò»�2�íò»��¬, ¿§
c^5²w~f. ^5�Cz� Co lf� ZnO Ä
Nm>Ö=£��^5OrÚmY� Co �f��
z��^5~fk'.
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Abstract
The non-magnetic element Al and magnetic element Co doped ZnO films are prepared by dc magnetron sputtering The films

were annealed first in vacuum and then in air. The crystal structures are analyzed by x-ray diffraction (XRD) and magnetic properties

are measured by Physical Properties Measurement System (PPMS). The results show that annealing ambience has a great influence on

structure and magnetic property of sample Al doped ZnO films annealed in vacuum show no room temperature ferromagnetism, but the

ones annealed in air show room temperature ferromagnetism. The room temperature ferromagnetism may be associated with enhanced

charge transfer between Al and ZnO films annealed in air. And for Co doped ZnO films annealed in air annealed, the ferromagnetism

is weakened. The change of magnetism may be related to the competition between enhanced magnetism resulting from charge transfer

between Al and ZnO and reduced magnetism resulting from interstitial Co atoms oxygenated.
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