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�*
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(��������	
�, �� 100083) (�
���	
���, �� 100080)

�� ���/������	
� Ta/NiOx/Ni81Fe19/Ta ��
�, ��� X ���

�����(XPS)��������(VSM)� �NiOx!"#$%&'Ni81Fe19()*

+, Hex-.��
�/012 Hc/345- NiO/Ni81Fe196789. :;<=>89

��?/ Ar/O2@' NiOx?A/#$%&BCD/34, E��FGH 0.57 Pa, Ar/O2

H 7�1I, 	
/ NiOx?/ x ≅ 1, AH+2J, K9/ HexLD. Ar/O2@MN 7�1I,

NiOxO?PQRSA�+3J/A, K9/HexTUV, RSA/PQWXYD.��


�/012 Hc. XPS/Z[W<=, \ NiO/NiFe67]^�89>NiO + Fe = Ni + FeO

� 3NiO+2Fe = 3 Ni + Fe2O3. _P�67`a\��bS/cd, ef��bSX34

NiO/NiFe/ Hex� Hc.

��� NiOx/NiFe ���� �	
�� Hex 
�� Hc X �������(XPS)

��������	
��
��������������������[1],  !�

�"#�$%&�'(&�'�)*��, +,-./012%&�'(&�'�3456

789:$	;<=>?@AB�CDEF . GH7(IJ3456KLM$�N�12,

OPQ�RS, 3456�@TUVWX.

-Y�@Z[\]R[2], 34^_` Hexab%&�'cdefg�h'��i&�'�

�^_jk�, Ol��mnopmq 100r. 19870, Mauristuv AF'"wx$yz,

+{|��� Hexiop}_
[3]. ~�, Malozemoff[4]���d����9: AF/FM �d�~

�34����, �� AFM��wxy��, lyzi�d��. ��Hex��miop�

}_, l?@���R_@. ����o���" AF/FM �d��������, (� p

¡¢wx£�[\¤��¥¦§¨.

-Y���������)*��a FeMn, l©ªaU«¬­, ®S¯�°±. ,²,


12°³�)*��´�l�µ_¶ X Mn(l" X = Ni, Ir, Pt, Pds), CoO> NiOs. l",

NiO ��·¸�«¬­¹º, �(q�®S¯�>»D�	
¼, 7
½¾�P�����

"[5]. ¿ÀÁ�Â���Ã� NaCl Ä\, Å��ÆÇ È111ÉdÊË������. ÌÍt

Î]R3456` Hex�DÏ�!ÐËÑÒÓ NiO�(111)Ô�, Oa, XÕÖ×Õop�Øc

Ù[6,7]: 56` HexÚU~ NiO(111)/NiO(200)� X Û×ÕÐ�n¼�ÜÝ{ÜÝ. o�Þ, %

&���(ß����)*Ã�.àá^_�� , âã:���äa�då�æçè;',

é¡, êW�då¿ÀÁ�Àëìíî56`�ïKðñòç¥¦. óôõ¦12$ NiOx (
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NiFe���)*��, Ìö÷øùú�ûü��q)*��, ÚÌö NiOx/NiFeý'��d�

XPS12, þ�$�d�¹���jk��, Ú�Z$���¹��( Hex> Hc���.

1 ��

	
 ���Õ
"��. �Õ�/�����Õ W��������ÞÒ�� Ta(12

nm)/NiO(50 nm)/Ni81Fe19(7 nm)/Ta(9 nm), ���op���ô�[8]. � JDJ9600\��	


�Ð���³'��� !Ö, R$ÜD�"Ð�, # 6�	
$% Æ:&'�¾, Ú(§

é�	
�)*¦i+,��-./�`�)0�(�. b���� !Ö12� NiO (

Ni81Fe19 � Hex >!�� Hc. �� XPS ç3�	
��R Ta(12 nm)/NiO(50 nm)> Ta(12

nm)/NiO(50 nm)/Ni81Fe19(3 nm)/Ta(3 nm), ÅÎi���¹���	
 îÆ��Õ÷ø4�

�. 	
��56�, 789: MICROLAB MK;\ XPS KL"&'�¾, op��<=�

å@�ô�[8].

2 �����

� 1(a)>Ö 1 ?�$	
 Ta/NiO/NiFe/Ta � Hexi Ar/O2n@�ïK>Ö, �Õ- Ar >

O2�ABCR 0.57 Pa. 1¡�PD Ar/O2°Ï-, Hex»E, ~F Ar/O2n@�ÜÝ, Hex�~G

ÜÝ, D Ar/O2 = 7/1�BH4+,-, HexIP-Dm 9.6J103A/m. ~F Ar/O2n@�&Æ

KÜÝ, HexLMNÏ, Ú-OPQ)*��, ,- Ar/O2R 13/1. R_B� Ar> O2�n@U

O( Hex�»D��, {S(!��� Hc����. � 1(a) >Ö 2 éTRR_B� Ar > O2

�n@i�� Hc�ïK. U�"�P, ~F Ar/O2n@�ÜÝ, Hc�~GÜD. � 1(b)R Ar/O2

R 7/1-,  Uî��ÕBC4��� Ta/NiO/NiFe/Ta	
� Hex. U"1¡/V, �ÕBCW

±, HexXWD. R$YZ¡Þ�¹è+, [\î	�÷ø��$��XPSç3�	
, Ú#�

=Ö]_<=( XPS�¾�Ø&'$12.

� 1 (a) �� 1�����	 Hex
 Ar/O2��
��, �� 2����� Ar� O2
��
����

� Hc
��, ����� 0.57Pa. (b)����������	 Hex
� , Ar/O2� 7�1

D Ar/O2 = 3�1, �ÕBCR 0.57 Pa-, U Ta(12 nm)/NiOx(50 nm)"� Ni 2p� XPS=�

"1¡�P Ni 2p3/2�	;�_ºR 856.7 eV, 8^ XPS_`[9]1a, R Ni2O3�b. Ni2O3R

c%&�¹��, é¡,  � 1(a)>Ö 1" Hex/ds�e. � 2(a)(� Ar/O2 = 4�1 - NiOx

"� Ni 2p� XPS]_=�, 853.3 eVå�]_b 1R +2fÁ� 2p3/2b, 856.0å�]_b 2
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R + 3fÁ� 2p3/2b, ]_���ØcÙ +3fÁg 48%, +2fÁg 52%, ]_b 3, 4, 7> 8

Rhb, ]_b 5> 6çiR + 2> + 3fÁ� 2p1/2b. ( Ar/O2 = 7�1, �ÕBCR 0.57 Pa

� NiOx"� Ni 2p� XPS=�ç3, 1¡ñP Ni 2p3/2�	;�_ºR 854.0 eV, �óÞ(�

FhÆÀëìí NiO�b. � 2(b)R Ar/O2 = 9�1, �ÕBCR 0.57 Pa-� NiOx"� Ni 2p

� XPS]_=�, 852.3 eVå�]_b 1Rh�Á� 2p3/2b. 854.6 eVå�]_b 2R + 2f

Á� 2p3/2b, ]_���ØcÙh�Ág 44%, + 2fÁg 56%. ( Ar/O2 = 13�1, �ÕBCR

0.57 Pa� NiOx"� Ni 2p� XPS=�ç3, 1¡ñP Ni 2p3/2�	;�_ºR 852.3 eV, (�

FhÆÀëìí�h�Á. U¡Þ XPSç3�Ø1¡�P, Ar/O2 = 3�1-, b�¿çC°q,

Ni 
jç¿Àwx Ni2O3. ~ Ar/O2�ÜÝ, ¿çCk±, +{��%&�¹� NiO l�LM

Ü³, HexW�WD, D Ar/O2 = 7m1-, é�
�Õ��� Ni�óÞ¿Àx NiO, Hex-D. ,

�~F Ar/O2 &ÆK�ÜÝ, b�¿çC�4k¿�n�Uo, h�Á�l�LMÜÝ, NiO

�l�LMNÏ. b�h�Áa�¹��, Ua%&���, é¡HexW�WÏ. DAr/O 2 = 13

�1-, ¿çCp±, /dUwx NiO, Hex-Ï. D Ar/O2R 3�1 ~ 7�1-, �V� Ni2O3R

E�¹��, Å(��� Hcq�³D��, é¡� 1(a)>Ö 2 "�P��óÞaÆrst�

Ö. D Ar/O2R 7�1 ~ 13�1-, b��V$h�Ál Hc°D, é¡!��� HcLMÜD. (

Ar/O2 = 7�1, �ÕABCR 0.6 Paru4��� NiOx"� Ni 2p� XPS=�&']_, �Ø

cÙh�Ág 18%, +2 fÁg 82%. 1��ÕABC�üÀ���� NiOx�Àëìí. ¡Þ

ç3�ØcÙ: b��Õ÷ø�Uî,  NiOx '"(vw NiOx/NiFe�d), x$ NiO²´wx

$l��¹��, ���¹��y¥��$��� Hex> Hc.

� 2 �� Ar/O2 = 4�1 (a)� Ar/O2 = 9�1 (b)� NiOx �� Ni 2p � XPS ��	�

(	
 Ta(12 nm)/NiO(50 nm)/Ni81Fe19(3 nm)/Ta(3 nm)&'XPSç31ñPNiO/NiFe�d

���. z{, �±º Ar+á;(|º	CR 500V)# 3nm Ta }~'W��. î-, #� 5�Û

	;�Õ���P� XPS =��� Ni81Fe19 '��V. H�, ( Ni81Fe19 '��&'�ç�

XPSç3, ¡��Uî�����. XPS����� diÛ	;�Õ�α�Û	;�c�¹�
Õt��b� λ �ïKR: d = 3λsinα [10]. ( Al Kα XÛ���,  Fe> FeO(� Fe2O3)"� Fe

2p�c�¹�Õt��b�λ[11]çiR 10> 12 Å.  Ni> NiO" Ni 2p�c�¹�Õt�

�b�λ [11]çiR 8.2> 10 Å. é¡, D|� 90��Û	;�Õ�-, 1¡�ñ NiO/NiFe�d

���. op�ØcÙ: Dα  15�~ 90�üÀ-, b Fe 2p� XPSº=��n°�Ø, 1¡�

�~ d �ÜÝ, Fe 2p bü�, �Ù&�V$Uî�Àëìí, 90���Õ�-��P�a NiO/
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NiFe�d���. � 3Xa(� 90���Õ�-� Fe 2p3/2���]_>Ö, 8^ XPS_`[9]

1a: 706.6 eV å�]_b 1Rh�&� 2p3/2b; 709.0 eVå�]_b 2R + 2f&� 2p3/2b;

711.3 eVå�]_b 3R +3f&� 2p3/2b. ]_��cÙ Fe�g 41%, Fe2+ �g 24%, Fe3+ �

g 35%. î	, D� 15�~ 90�üÀ-, b Ni 2p� XPSº=��n°�Ø, 1¡��~ dÜ

Ý, ä�(� 90��Õ�-� Ni 2p �éü�. � 4 RÅ�]_>Ö. 8^ XPS _`[9]1a,

852.3 eVå�]_b 1Rh�Á� 2p3/2b, 869.60 eVå]_b 4Rl 2p1/2b, ]_b 3> 6

Rlhb. 854.5 eVå�]_b 2R + 2f�Á� 2p3/2b, 874.00 eVå�]_b 7Rl 2p1/2b,

]_b 4> 8Rlhb. ]_���ØcÙ Ni�g 62%, Ni2+�g 38%. b]_�Ø, &ÆK

��ñ�: �d�.� Ni81Fe197üRl FeUPè;çú 8%� NiFe_¶.

 	
��ö�", %��Õ�ñ NiO ��, #�Õ��!P 4J10−5 Pa �qâ�x¿,

ÚS# NiFe��� 30 min¡Q���cd1º�¿À?, H�,  NiO�Þ����� NiFe

�. +,, XPS��P� Fe2+ > Fe3+Ua ��ö�"wx�. �Î]R NiO/NiFe�d/

k$¡4%�: NiO + Fe = Ni + FeO> 3NiO + 2Fe = 3Ni + Fe2O3.  !%�", 25�- Gibbs

�bº�üÀçiR − 33.25 >− 108.87 KJ/mol[12], � ��ëÞ��a�#�%�. UÀë

��ë��, NiO�wx R 2.49 eV[12], { ���Õ"U��Þ
�Õ4�PI���è

;é���º��R/ÇPò/Ç	;¡¢[13], ��ÙÞ£Àë%� º�Þ1¡&'. XPS

ç3�ØcÙ NiO/NiFe �d�.jk$�¹��, �Î]RÅÎ#N¤ NiO i NiFe �¥

�¦§d,, �� Hex4k. ¨Æ)dÅÎ��
© FM� NiFe"�yzª�, �� HcÞ«.

3 ��

AG, Ìö XPS ( Ta/NiOx/Ni81Fe19/Ta �¹���121a, %��Õ"� Ar/O2 n(

NiOx "Á�Àëìí�»D��� .  �Î����Õv�" , �ÕABCR 0.57 Pa,

Ar/O2R 7�1-, ��� NiOx"� x ≅ 1, ÁR + 2f, ��� Hex-D. Ar/O2n¬ö 7�1-

�Vh�Á, Ar/O2Ï� 7�1-�V + 3f�Á, ÅÎ¤�k± Hex, h�Á��V´�ÜD!

�¹�� Hc . �ÕABC�üÀ�1º�� NiOx �Àëìí . XPS �ç3´cÙ ,  

� 3 NiO/NiFe ���� Fe 2p3/2 � XPS ���

��	
��


������α = 90�

� 4 NiO/NiFe ���� Ni 2p � XPS ���

��	
��


������α = 90�
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NiO/NiFe�d/k$%�, %�j?�R�¹��#y¥�� NiO( NiFe� Hex> Hc.
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