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�� ���������	
��
���-������Fe-In2O3���, ��	 Fex(In2O3)1−x��

������� �!"#$. %&'()*: + Fe �,-./0 35%1, ������23�!"

456∆ρ /ρ 0789: 4.5%. Fe0.35(In2O3)0.65�������!"456∆ρ /ρ 0;3<(T = 1.5~300 K)

�45=>)*: +3<?@ 10 K1, ∆ρ /ρ 078;3<�ABCDEFG, H3< T = 2 K1∆ρ /ρ 0
9: 85%. IJ�����?K�56χ(T)3<=>�LM3<A��NOP, Q%+3<B?:R

S3< TP = 10 K1, ���T'U45�V�5WXYZ�
�X-[\]^_X�̀ 4. Fe0.35(In2O3)0.65

�������!"456∆ρ /ρ 0H3<?@ 10 K1�DEFG, abcd@
��
���-���

���Fe0.35(In2O3)0.65�����e@�[\]^_X�1fHgh��!i�jkl�.
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��&'()*�+,-[1~5]. ��������

	./01��23
����456789	:

;<=>,
��?@;A. �BCDE, =��


������	F+D 2 8GH: IJK���-L

���:;M��	(N Fe-Cu, Co-Cu����	[4]),

�JK���-L�OP;:;M��	(N Fe-Al2O3,

Co-SiO2 ��	#
[2,3]), QR��JK���-ST;

:;M��	��U*. V�WXYZ[Y\,]^

_`a��JK���-ST;:;MFex(In2O3)1−x�

�	. In2O3 .b8cdefg
hijST;?@,

k�� Fe��lm^456 In2O3ST;:;<, �

� Fe��no
pqrXs�� Fe��� In2O3S

T;:;no
pqrX, ktR��	
���u

v !"�sew"�#xyz{
|} , ~Q�

(��JK���-ST;:;MFex(In2O3)1−x��	

U�01��
������ , Q�������

]�?@#��01��
�XC� . ����a

Fex(In2O3)1−x ��	
���z�u���
�� .

A�^��a Fex(In2O3)1−x��	��
z�u��

�� Fe ;��� 
¡¢£A, ¤¥�-¦g: Fe

;��� D 35%
 Fe0.35(In2O3)0.65��	��
§

¨z�u���©{, ª� 4.5%. Fe0.35(In2O3)0.65 �

�	��
�u�¡¢«∆ρ /ρ 0�¨¬(T = 1.5~300

K)
¡¢£A­®: ¯¨¬°6 10 K±, ∆ρ /ρ 0²³

�¨¬
´µQ¶·¸{, �¨¬ T = 2 K±∆ρ /ρ 0

²³ª� 85%, {{¹ºuv»¼p£½¾��


¿À³[2]. ­Á, ÂÃ¤¥�-ÄÅÆ: JK���-

ST;:;MFex(In2O3)1−x ��	;A
°¨�u�

"�, c�.ÇJK���-L�OP;:;M��

	ÈÉ
uv»¼p£½¾��=UÊ
TuË_

�ÌrX[1~3]. V�Èº��A�^��Í8ÎH�

�	
����"��¨¬
¡¢£A , ÏÐÑÒ

�ÓÔD: ��JK���-ST;:;MFex(In2O3)1−x

��	
°¨´z�u���Ç��	��p¡=

TÕ
"ÖTuË_1£.

1 ����

×XYZ[Y\_`��JK���-ST;:

;MFex(In2O3)1−x��	, �< xDK
;��². X

Ø¬D 99.9%
Ù> Fe Ú� In2O3(Ø¬D 99.9%)Û

�;Ü4Ý,[YXÞ, Èºß¡àá
%� , I

cß¡��	< Fe
;��². ��:ÚD 0.2 mm

â
ãäÚ. ��åÈæçè. [Yé;Dêé, �

[Yºë<êéìí_� 0.7 Pa; [Y]«D 200 W,

[Y·«D 0.15 nm/s, ��	��â¬îD 500 nm.

��
�����	< Fe ��
>ï"ðñ X

YòóY(XRD)�uvóY�fYuv­ôõ(TEM)

�Óö÷; X�ø X Yòù(EDAX)�ÓÝú,�.

�X¹Tûvüýþ����(SQUID)�û���

¨¬ T = 5~295 K���
°��¢«�(T)	ò�


� M(H)�¢	ò; �X�������(VSM)�

û§¨ M(H)�¢	ò. �û±
��$���6�
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�	% . ��
��u�s�u�×X��
�Ñ

�\� 1.5~300 K¨¬����û.

2 �������

� 1(a).§¨´�(
 Fe0.35(In2O3)0.65��	�

�
�u�¡¢«���
¡¢£A	ò(�û±�

���6	%), �u�¡¢«∆ ρ/ρ 0 = (ρ H −ρ 0)/ρ 0 ,

�<ρ 0�ρ H��D��´�
� H ´��
u�«.

~�<c���: ��� H = 8�105 A/m±, §¨�

u�¡¢«∆ρ /ρ 0 ²³cª 4.5%. �û�-¦g :

���û±��$������6u�$� , �u

���£A	ò.pÊ
,  g Fe0.35(In2O3)0.65��

	��
z�u���.!�Ê�
 , ÍÇ�"G

H��	
�u���"#.pÊ
[2,3].

� 1
(a) ��� Fe0.35(In2O3)0.65�����	
��
��∆ρ /ρ 0��


�H	
�����(���∆ρ/ρ 0����; ���−(M/MS)2�� 

!��); (b) ��� Fe0.35(In2O3)0.65�����	 M-H
���

� 1(b).§¨´�(
 Fe0.35(In2O3)0.65��	�

�
�¢	ò. ­Á, Í.$H
¹%��"ð	ò,

c�X Langevin&²'Ã:

S B B[coth( / ) / ],M M H k T k T Hµ µ= − (1)

R6��	Q(, �u�¡¢«²³) 6(M/MS)2,

I*+�´£A[2,6]:
2

0 S/ ( / ) .M Mρ ρ∆ ∝ − (2)

� 1(a)RÂ,-�a.�/¥. � 1(a)<¤ò¦

®~� 1(b)<
�¢	ò�0(�
−(M/MS)2, c�

��1Ç∆ρ /ρ 0¤¥³2�(34.

�ûa Fe0.35(In2O3)0.65��	��
�u�¡¢

«∆ρ /ρ 0�¨¬(T = 1.5~300 K, H = 16�105 A/m)


¡¢£A(N� 2 =®), �-¦g: �¨¬ T = 10~

300 K ���, ∆ρ /ρ 0²³¡¢U{; ¯¨¬µ°�

10 K�´±, �u�¡¢«∆ρ /ρ 0²³¶·¸{, ¯

¨¬ T = 2 K±, ∆ρ /ρ 0²³©{ª� 85%, {{¹º

JK���-L�OP;:;M��	
°¨�u�

¡¢«²³(56�7[1,2]��: �R Co-Al-O ��

	� Fe-Al2O3 ��	z�u���
��<, 89

�¯¨¬ T = 4.2 K±∆ρ /ρ 0²³©
, î 26%).

� 2 Fe0.35(In2O3)0.65 �������	
��
∆ρ /ρ 0

��������(H = 16�105 A/m)

ñ XRD ù�uvóY�Óö÷ : �§¨´ ,

Fe0.35(In2O3)0.65 ��	��<:; In2O3 DL:ï�

�, Fe ��Dα-Fe(bcc)��. WX Langevin &²R

Fe0.35(In2O3)0.65 ��	��
¹%���¢	ò-�

.��0, ö÷��	<Fe��
�l�;îD5 nm.

ñfYuv­ôõ(TEM)8�, �<=>
�� Fe

��lm^�>45� In2O3 L:ï:;< (d�

7[5]< TEM?Ú), ñ TEM�@8�
�� Fe��


23ÇWX Langevin &²R¹%���¢	ò-



� � � 47 � � 19 � 2002 � 10 �

www.scichina.com 1467

�.��0(�
 Fe��23pbÕ.

Da�Ó¯¨¬°6 10 K±z�u���¶·

¸{
AB, V�����a Fe0.35(In2O3)0.65��	

��
�"�¨¬£A. �ûa Fe0.35(In2O3)0.65��

	��
°��¢« χ Ç¨¬(T = 5~295 K)
£A

	ò(� 3). � 3<��çè(ZFC)./: 
��H = 0

´, k��çèC 5 K, ÁD� H = 3980 A/m´-�

�û; �çè(FC)./: 
E�� H = 3980 A/m´,

k��» 295 KçèC 5 K-��û. ñ� 3c��

�: χ (T)	òc��D 3 F¨G��, I 295~50 K,

� 3 Fe0.35(In2O3)0.65 �������	
��χ (T)
�

����(H = 3980 A/m)(ZFC ��	��, FC �	��)

� 4 ��
�� Fe0.35(In2O3)0.65 ������
���

��� T = 20 K, ����� T = 100 K, ��� T = 5 K

50~10 K � 10 K �´. �HF¨G�I÷
bF¨

¬(I 5, 20, 100 K)´�ûa��
�JKò, ��-

N� 4=®. � 3�-¦g: � 295~50 K¨G FC	

ò� ZFC	ò.��cL
, � 50 K�´ FC	ò

� ZFC	ò¦MDUcL
. Qñ� 4c���: ¨

¬ T = 100 K´�JKò.��J
¹%�	ò(Ç

§¨´�û
¹%��	òbÕ), Í¦g 50~295 K

¨G� Fe0.35(In2O3)0.65 ��	.N6¹%��Oï;

¨¬ T = 20 K±
�JKòDK��
. =�, � T

= 10~295 K 
¨¬���, °��¢«χ (T)¨¬£

A­®Æ Fe0.35(In2O3)0.65��	<�� Fe ��
�

�PQ��(magnetic relaxation effect)(�RE¨¬

TB�´DK��Oï, � TB�ÂD¹%��Oï)[7],

TB = 50 KDñ¹%���K��S¡
1�RE¨

¬(blocking temperature).

�� 3<Tc��: ¯¨¬ TP = 10 K±, � ZFC

	òÂ χ ÆMbUVW#¡¢, Q FC	òÂ χ Xp
�¡¢Y{. � 4¦g: ¨¬ T = 5 K±��
�J

Kò¦MÆJG»¼ãäïM"�[8,9], Q¨¬ T = 20

K±
�JKòDK��
. Í�Z[¤: �� 3 <

TP = 10 K
	òW#N, ��	ñK�ïS¡DG

»¼ãäï, TP = 10 KD�S¡¨¬. ­Á, ¨¬ TP =

10 K± Fe0.35(In2O3)0.65��	ñK�ïS¡DJG»

¼ãäïM, \®Æ]±��	
��^ya78"

Ö
°¨p¡ . V��ÓTÕ��	��¡¢
c

�AB.: ��� Fe0.35(In2O3)0.65 ��	<, �l2

3îD 5 nm 
 Fe ��lm45�L:ïST;

In2O3 :;<, Fe ��no_�b÷
o@pqr

X[4]. ]
, Tc�1`û
 Fe Av�a^�ø�

In2O3 :;<. �b¨¬
´µ, Avc!��µ°,

N6�a�>
 Fe Avtñ6derXQf�>,

{VUÊ
VAvg . ÍhVAvg�°6b÷


¨¬±c�Ç�� Fe ��>,ÄK�f�. �b¨

¬µ°, Fe��(sAvg)no
ÄK�o@pqr

X��iUpqrX�s RKKY pqrX[7], � Fe

��(sAvg)�j
K��@derX#!8p

qrXnoklmn
op . ¯¨¬µ°�7bq

r¨¬ TP ±, !8pqrXop
�-cTÕ��

Fe ��A�
:ï���K�1sïtuvwwI

��	��^yaU°¨´
"Öp¡, TÕa TP =

10 K ± Fe0.35(In2O3)0.65��	
JK�ï-G»¼ã

äïMS¡(Í8��S¡>,Ç­®7hx Feyz
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��
°¨´K� -»¼ãäJ���S¡M

(reentrance)
�¢«¨¬£A[10].UÊ
).

Wright[¤[11]: ��{â¬Ø Fe9	�¨¬ T =

10 K|}^yL:ï-:ïp��S¡, p¡±Fe	


u�«~¡îàF²û{. V��ûa Fe0.35(In2O3)0.65

��	��
u�«ρ (T)¨¬£A	ò, �-¦g:

¯¨¬ T�10 K ±, u�« ρ ~Á¸{àF²û{,

ÍXo@[¤aÂÃ
��	��p¡ºë . U°

¨´
JK�ï-G»¼ãäïMS¡M����JK

���-L�OP;:;M��	(�N Fe-SiO2��

	: �¨¬ T = 2 K±�¦MDK��, 01LÉ



��� HC ��� Mr
[12])<8��. Í¦g456

ST;9	:;<
���� Fe ���°¨´_�

"Ö���
pqrX , ÍhpqrX�÷a��

JK���-ST;:;MFex(In2O3)1−x��	�°¨

´
����"�.

­Á, ÂÃ Fe0.35(In2O3)0.65��	��
���

�"��¨¬¡¢£A
���-¦g: ¯¨¬°

6 10 K±, Fe0.35(In2O3)0.65��	��
�u�¡¢

«²³¶·¸{, .Ç¨¬ T = 10 K±��	��


��¡¢1£
. ¯¨¬ T = 2 K±, ∆ρ /ρ 0²³ª

� 85%, Í�{
°¨z�u���c�.��JK

���-ST;:;MFe0.35(In2O3)0.65��	��N6

JG»¼ãäïM±_�"Ö
TuË_=�,
.

3 ��

R×XYZ[Y\_`
��JK���-ST

;:;MFex(In2O3)1−x ��	
���z�u���

-�a��:

(�) Fe0.35(In2O3)0.65��	��
§¨z�u�

��D 4.5%; �u�¡¢«∆ρ /ρ 0�¨¬(T = 1.5 ~

300 K)
¡¢£A¦g: ¯¨¬°6 10 K±, ∆ρ /ρ 0

²³�¨¬
´µQ¶·¸{, �¨¬ T = 2 K±ª

� 85%.

(�) 56 Fe0.35(In2O3)0.65 ��	°��¢«χ (T)

¨¬£A�UÊ¨¬´
�JKò��[¤: � T =

10~295 K 
¨¬���, °��¢«χ (T)¨¬£A

­®Æ Fe0.35(In2O3)0.65��	<�� Fe ��
��

PQ��, ñ¹%���K��S¡
1�RE¨¬

TB = 50 K. ¯¨¬µ°�qr¨¬ TP = 10 K±, ��

	
��^ya"Ö
°¨p¡, TÕ Fe0.35(In2O3)0.65

��	ñK�ïS¡DJG»¼ãäïM. ��JK

���-ST;:;MFex(In2O3)1−x��	�°¨´


����"�Ç45�ST;:;<
���� Fe

��o
"ÖpqrX��p£.

(�) Fe0.35(In2O3)0.65��	��
�u�¡¢«

∆ρ /ρ 0²³�¨¬°6 10 K ±
¶·¸{, c�.

ñ6��JK���-ST;:;MFe0.35(In2O3)0.65�

�	��N6JG»¼ãäïM±_�"Ö
TuË

_=�,
.

�� ��������	
��
��� (��� :
59981004).
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