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¿§c^5, ^5
u Fe lf�ÙC��m©Ù��Ç�p�^. 3�,þ
� 7%�bv¶���¥*	�
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1 Ú ó

D^��N (DMSS) du3g^>fá�Ú
>fì���¡äkd3�A^d�, �5�É�
<��'5 [1−5]. ��zv (TiO2) ���«°�
Y��Ná�, 3Ø>!1>Ú^A5�¡äk2
��A^cµ, C
c5¤�ïÄ�9:.

2000 c, Dietl � [6] ýó
­Ý�,�°�Y
�zÔ��Näkpu¿§�c^5 (RTFM), �
D^��N�nØÚ¢�ïÄ5\
#�¹å. �
�, �'¢�ó�ºYmÐå5.Meng � [7] 3 Fe

�,� TiO2 ��¥*	�
¿§c^5, @�c
^55
u�,�^5lf�"���p�^,Li

� [8] 3 Mn �,� TiO2 ��¥�*	�
¿§c
^5, @�c^5��)8Ïu/¤
ÉÌ�åP
^4zf (BMP), �Ç� Mn �g^ÏL���^
kSü�. d	, Drera � [9] 3�^5�� N �,
� TiO2 ��¥�*	�
¿§c^5, ¿)ºc
^Å�� N O�
 O ���YCÄ, ?
Or
c

^kS. ¢Sþ, du���{Ú^��ØÓ, ��
���*(�Cz, =¦3�Ó�á�¥, c^�
p�^Å��Ø¦�Ó. 3ØÓ����{e, X
-1óÀ�È [10]!�lf9Ï©få	ò [11]!
7ákÅzÆí��È [12]!^�í� [13] ÚM�
v�{ [14],Co �, TiO2 ��ÒLyÑ
ØÓ�c
^�p�^Å�. ©z [15] æ^�Ó����{,

3ØÓ�Ä.þ��
 Co �, TiO2 ��, �*	
�
ØÓ�^5. ù`²á���*(��Czé
Ù^5kXé��K�.

�,<�éLÞ7á�, TiO2 ���^5k

�
ïÄ [16,17], �éuÙ¬N(��Czé^
5�K�ïÄ�é�, 
ùéu)º TiO2 ��¥
^5�5
kX­��¿Â. d	, D^��N�
�¥^5&Ò'��f, ÉÄ.K���, æ^Ü
n�^5?��{éu¼�O(���^&Ò¿
�(©ÛÙ^55
´�~­��. ·�3kc�
ó�¥®²JÑ
'uf^5&Òá�¥^5�
L��{ [18], �?�ÚïÄ Fe �, TiO2 ��(
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�é^5�K�C½
Ä:. �©æ^^��í�
�{, 3ÀæÄ.þ��
 Fe �,� TiO2 ��,

é�¬�^ÿþêâ?1
^ÝÚ
�å�?�,

¿�â?����(J, ?Ø
 TiO2 ���(�
CzéÙ^5�K�.

2 ¢ �

¢���¤ì´!�¥�¤)���pý
��6^�í���, æ^�6�í�ª, í�
qá´XÝþ� 99.99%� Fe Ú Ti q, Ù�»þ
� 50 mm, Ä.�Àæ, ó�íN��í (XÝ
� 99.99%), �AíN��í (XÝ� 99.99%). í
�c��.ý�Ý`u 10−5 Pa, ó�Ør� 1.5 Pa.

í�����6þÏLgÄ6þO��, ���þ
ÝÏLí��m5��, ÏLN!í�õÇ5��
7á�,þ���. 3Ä.§Ý� 300 ◦C�^�
e, ÏLUC Fe �í�õÇ��
 Ti1−xFexO2

(x = 0, 4%, 7%, 9%, 12%, 14%) � �, ¿ 3 � í
¥ 500 ◦Cò» 30 min. æ^Ö= Panalytical B.V.

úi)�� X ��û�¤ (Cu Kα ��) 5L�
���(�; ��¥�,7á�¹þdUþÚÑ X

��1Ì¤ (EDS) ÿþ��; ���^A5^{
I Quantum Design úi)��.Ò� PPMS-6000

�Ôn5Uÿþ¤?1L�, ÿþ�	\^|²1
u�¡.

3 (JÚ?Ø

ã 1 Fe-TiO2 ��� XRD ãÌ

ã 1 � Ñ
� í ¥ 500 ◦C, 30 min ò » �
� Ti1−xFexO2(x = 0—14%) ���¬� XRD ãÌ.

lã¥�±wÑ, � Fe ��,þÅìO\�, bv
¶�� (101) ¸Åì~f, (004) ¸ÅìOr; � Fe

��,þ�� 9%�, Ñy
7ù��� (110) ¸,

¬N(�Ly�bv¶Ú7ù��·Ü�. � Fe

��,þ�L 12%�, ��(�K��=C�7ù
��, ù`² Fe ��,»�
 TiO2 bv¶(�¿
r¦7ù���/¤. Ó�, XRD ãÌ�w«, �
X Fe �,þ�O\, TiO2 �û�¸rÝ~f, �¸
p°O�. 3�,'~��S, vkuy Ti 9Ù¦
�,�X FeO,Fe2O3, ½ FeTiO3 û�¸��3. �
éX TiO2 ��, Fe �, TiO2 ���û�¸Ñkm
£, �Ä� Fe3+ lf��» (0.64 Å) � Ti4+ �l
f�» (0.68 Å) �C, �d·�@� Fe �U��

 Ti � �, ?\
 TiO2 ¬�, ��û�¸m£.

Fe 3ÓâÜ© Ti �¬� ��, dud�Ú
lf�»�ØÓ, 3O�?¬/¤(�þ�"�.

ù«"�»�
�k�fm�p�^�²ï, �
�¬�ëêu)Cz. 3$�,þe, T"�Ì�
�:"�, ���,þO���½§Ý�, ¬�m
AåO\é�, l
Úå(���î­�ÆCÚ
ÃS. ù«(��Cz�U´ TiO2 � Fe �,þ�
O\û�¸°zÚrÝ~f���­�Ï�. d
	, �X Fe �,þ�O\, "� (�� ½mYâ
f) �¬O\, "�3¬�S�£Äk|ubv¶
¥ Ti—O ��ä�, l
\�7ù���/¤.

�âbv¶� (101) Ú7ù�� (110) û�¸
�rÝ, ·��±de¡�úªO�·Ü�¥�|
©��þ©ê [19]µ

WR = 1/[1 + 0.8 × (IA/IR)], (1)

WA = 1/[1 + 1.26(IR/IA)], (2)

WA, WR ©O� TiO2 ��¥bv¶�Ú7ù�
���þ©ê, IA Ú IR ©O�bv¶� (101)

Ú7ù�� (110) û�¸�rÝ. ÏLO�, 3 x

� 9%Ú 12%��¬¥, 7ù���þ©ê©O
� 3%Ú 42%.

·�æ^kcó�¥�^5?��{éX
����¬?1
?� [18,20], ��Ä.�
�
å��� 80/4π kA·m−1, Ä.[ÜØ�����
� 3.0×10−9 A·m2. ?��X� Fe �, TiO2 �
��^zrÝ9
�å�L 1. lL¥êâ�±
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L 1 Ti1−xFexO2(x = 0—14%) ���^Ý!^zrÝÚ
�å

Fe �,'~ 0 4% 7% 9% 12% 14%

^Ý/A·m2 6.1×10−9 9.2×10−9 2.1×10−8 1.6×10−8 1.2×10−8 7.7×10−9

^zrÝ/kA·m−1 3.4 5.1 11.2 8.9 6.9 4.3


�å/(4π)−1 ·kA·m−1 10 30 100 115 135 65

^Ý/µB/Fe 0.50 0.68 0.45 0.21 0.10

w�, X TiO2 ���^zrÝ�[ÜØ�'��
C, 
�å� 10/4π kA·m−1, 3?�Ø���S,

ÏdØU(½Ù¿§c^5. éu�,þ3 7%,

9%Ú 12%n��¬, ·��±w�, §��^Ýp
u[ÜØ����êþ?, 
�
�å3 100/4π

kA·m−1 �m, LyÑ
²w�¿§c^5. 
éu
�,þ� 4%Ú 14%��¬, §��^Ý�3 10−9

A·m2 êþ?,Ñpu[ÜØ�, �´Ñäk�½�

�å, ²w�Ñ
?�Ø�, (ÜÙ¦�,�¬,

·��±íäùü��¬äk�f�¿§c^5.

·��Ñ
¿§e Ti1−xFexO2(x = 0—14%)

��� M -H ­�, �ã 2. lã¥�±w�, Ø

X TiO2 ��	, Ù¦�¬þw«
¿§c^5. �
âþ¡� XRD (J, vk*	� Fe 9Ù�zÔ,


��éuX� TiO2, �,���¸ Ñy
 
£. ¤±, ·�@����c^5�U�^5l
f Fe 3�,L§¥O�
 Ti lfk' [7,21]. �
â Coey � [22] JÑ�åP^4f (BMP) nØ, $
d��^5 Fe lfO�
pd�� Ti lf, ¬�
)�� 5�±>Ö²ï,Fe lf��)��� 
�"�¤��. ^5��)�±d�,� Fe lf
�Ù�mC���Û��Ç��p�^5)º. Fe

� 3d �>f� O � 2p >f,z�)�Ç, �Û
�z��Ç�Û��Óâ Fe � 3d �>fr�,
z [8], /¤ BMP. ��� BMP p��^, ?
/¤
�§c^kS, ��NXLyÑ÷*c^5.

�
�Ð/`² Fe �,ßÝé TiO2 ��^
5�K�, ã 3 �Ñ
z� Fe �f�^Ý��,ß
ÝCz'X­�. lã¥�w�, �þ�,¦ TiO2

��^5Or, 3�,ßÝ� 7%�, z� Fe �
f�^Ý��� 0.68 µB. 
�, �X�,ßÝ�
O\, ü  Fe �f�^ÝÅìeü, 3�,ßÝ
� 14%�, ^Ýü� 0.10 µB/Fe. (Ü XRD ãÌ,

Fe �,'~� 7%�,TiO2 �bv¶�, ù���¥
yÑr�c^5, 
�X Fe �,'~?�ÚO\,

���^5%~f
, ¿� TiO2 (�dbv¶�

Åì�7ù��=C, 
�û�¸°z!rÝü$.

ù«(��¬z�UC�U´����^5��
,ßÝCz�Ì��Ï.

ã 2 ¿§e Ti1−xFexO2(x = 0—14%) ��� M -H ­�

ã 3 z� Fe �f�^Ý�Ù�,ßÝ�Cz'X

·���, bv¶�7ù�¤á��m+©O
� I41/amd Ú P42/mnm. �ö(�Ñd Ti—O6 l
¡Në�
¤, �´ù
l¡N�ÆC±9ë��
ª´ØÓ�. 7ù�Úbv¶¥� Ti—O �kØ
Ó�ê�. 37ù�(�¥, o���f3��²
¡S, §�� Ti |¤� Ti—O �äk�����,

� 1.946 Å,,	ü�º:� O � Ti |¤� Ti—O

��� 1.983 Å, ¤±`7ù�(�´d.��l
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¡N|¤. z�l¡N�±���l¡N�é, ü
��>, l���, �cê8� 2. 
bv¶¥o�
�� Ti—O ����� 1.937 Å, ¤éA�o��
Ø3Ó��²¡þ, ¤±`bv¶´dÛ­�l¡
N|¤�, z�l¡N�±�l�l¡N�é, o
��>, o���, �cê8� 4.

� Fe �,ßÝ�$�, TiO2 �bv¶(�, d
ubv¶¥ Ti—O ��á, �Ø3��²¡S, O
��^5 Fe lf�ÙC���Ç�p�^�r,

Ly��r�^5. �X Fe lfßÝ�O\, ��
�^5�X�,ßÝ�O\
Or. ��,�L�
½þ�, bv¶(��»�, Ù¥ 6 � Ti—O �¥
kü�ä�, TiO2 dm��bv¶(�=C�µ4
�7ù�(�, ä���q/¤
7ù�(��#
� [23,24]. du7ù�(�¥ Ti—O �'bv¶¥
���, 
�¥yé¡(�, ~f
 Fe lf��Ç
��^rÝ, ÷*þLy�^5~f. 
�, Lþ�
O������¬zC�, ù3�½§Ýþ�K�

���^5.

d þ ¡ � © Û � ± w �, L Þ 7 á Fe �
, TiO2 ��¦Ù(�u)Cz, ¿�w«Ñ

¿§c^5, ^5��,ßÝ�Cz
Cz. ��
^5�Cz5ÆÎÜ��^55
� BMP nØ)
º, ù�l¢��Ý`²
^ BMP nØ5)º�
¢�¥ Fe �, TiO2 ��^55
´Ün�.

4 ( Ø

�©é Fe �,� TiO2 X����(�Ú^
5��½!5
9�,ßÝéÙ^5�K��

¢�ïÄ. (Jw«, 3 Fe �,� TiO2 ��¥*
	�
¿§c^5, c^5�U
u�,� Fe l
f�Ù�mC���Û��Ç��p�^. �X Fe

�,ßÝ�O\, TiO2 (�dbv¶�Åì�7ù
��=C, 
�û�¸°z!rÝü$. ^5�C
z�ØÓ(� TiO2 ¥� Ti—O ��k'; ���
Cz��^5 Fe lf��Ç��^rÝu)UC,

?
¦Ù^5u)Cz.
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Abstract

Fe doped TiO2 films are deposited on glass substrates using dc magnetron sputtering. The crystal structures and the magnetic

properties of these films are studied. Room temperature ferromagnetism is observed in each of all the Fe doped TiO2 films. The source

of magnetism is related to an exchange interaction between the transition-metal (Fe) ions and localized strapped holes. The maximal

magnetization is observed in a TiO2 film with Fe concentration 7%. With the increase of Fe concentration, the crystal structure of TiO2

film transforms gradually from anatase phase to rutile phases, and magnetism in the film weakened. The changes of crystal structure

and crystallization in TiO2 film resulting from Fe doping affect the change of ferromagnetism in the film.
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