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�� ,-, . Bi / Ag 0��� Hex1�2345, . Cu 0��� 1� Hex

45678. � Cu9:, ; <='>? NiFe�<='>�@A<BCD�E, Cu�

.F FeMn�GH.�IJKLM, FeMn� (111)N>OPQRST, UV, Hex+ Cu

WX��,-7845. � Ag9:, YZ; <='>? NiFe�<='>�@, [<

BCD�\6], Ag�.F FeMn�GOH^JKLM, FeMn� N>_PQRST,

Hex+ AgWX��,-`a45. � Bi9:, Ob; <='>? NiFe� O@, 9

A<BCD�\c6], @d, Bi�.F FeMn�cOH^JKLM, FeMn� N>c

PQRST, UV, Hexc+ BiWX��,-`a45. [e, X�fghi^j��)

*: klm )no"piBiWXqNiFe/FeMnrns, PtuR FeMn�)n, U9

Hex45vl.

��� NiFe/FeMn ����� 	
��
 Hex ���� X ����(XRD)

�� 1986 �, Parkin �����	
��
������������������

�[1], ���	� !"#$�%��&
'()�*+,-. ./, � 012()	3 3d

"# Fe, Co, Ni45�"67��(FM)�� FM/��"#���/FM89[2~4], 5:67��

��; 3d, 4d, 5d "#<=>?"#, �@AB����������
C7DE@FG�

H[2~4].

IJE@KL�����M��<N��OP(AF)Q�. R FM/AF S�%
TUVWN

�� AF�� NéelXY3Z[, FM/AFS�%������
\][5]. ^M��/N�����

��, 5�_`abc�Tdef, g[���h%i�jEkl+�mno. p�q, �@

�r�s6tuYvwxyz{�|�}~���$�%:�W�����6�[6], �3�

����f	�M5���s�(). ���!�@����016	+����()[7, 8]<

����[9, 10], �������s������.
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7	�� FM/AF ������ , ¡p� ()	 FM/��"#���/AF 01. ¢£:

Gökemeijer��[11]()	NiFe/Cu(¤Ag, Au)/CoO������, C7�@AB������

FM < AF �����DE@¥�¦§k¨©�ª«��, ����T¬Y­���®Y�l

¯°±²³´, ��µ¶·�¸���OP
 ;���——¹ºªY Lqi». ° Tomas�

��() IrMn/��"#���/CoFe [V��5¹ºªY L ¼½, ¾ �¿�D^M���

OP:�ÀÁ�rÂÃ�[12]. .J, Mewes��ÄÅÆ	� NiFe/Cu/FeMn< NiFe/Cr/FeMn:

����T­�����®YÇÈ��É���H[13]. 5�, �����i�jq��>�

HÊ¸�()�01;�JÄ¸���OP;� , ËM¸���OP�Ì>ÍÎÏÐ;�,

ÑÒWÓEÔ�ÅÆ. ÕÖ×ÅÆ	7²�$� FM/��"#���/AF01�()8Ø, Ë

M FM/AF ������Dª«6�ÄDÙ«6�ÚÛÄÜÝ�, ��������HDÞD

FG�HÄßàá$���8Øq�â. Ï., ������ Ä�'
¼ã2�ä. å C

7æç�@�H�Ek�àèÏ�D^M����éê�ë89ìíÄ�D��î�. �3,

ÚÛïð�ñOP FM/�����/AF 89:éêë89òóìí!Máã2Cô����

�� Í;�àõö. �Õ()	 Ta/NiFe/Bi(Ag, Cu)/FeMnh%, ��8Øi÷: ����T

Hexg���èø¸ NiFe�ùúûüýþ;EÝ�0. R���g NiFe�ùÎ89�g�ù

ú�²�p[, HexZ³����. R���g NiFe �ùÎ89�g, �ùú�²���+¤

ùÎ89�g�ùú�²����+[, Hex 	Z³�
. ���èø7iê�
èø[, �


��¼�, � ���W FeMn�iê, §���� Hex.

1 ��

�������s���, �AB�� !� Si(100)"#�$%
�h% Ta(10 nm)/

NiFe(10 nm)/��"#�(x)/FeMn(13 nm)/Ta(7 nm), 5:, ��"#��&7 Bi, Ag< Cu, x

7
�®Y. h%s�'�()*Y+M 2×10−5 Pa, ��[,-.7 0.5∼ 1 Pa. "#�/UV,

��01"#0ê23�¯; 20×103A/m �J�T, 34�jEk5�È23. � JDJ9600

L�f���¬6¿�$�%��_`a, ^¿j��_`a·7jh%�����THex<

mno Hc. � X�a8�(XRD)()h%�99. � X�a:}ø';(XPS)()h%iêè

ø�<, XPS ��òóó=>ÒÕÖ[14]. �M XPS iê�?���7 Ta(10 nm)/NiFe(10

nm)/Bi, Ag, Cu (x nm)/FeMn (13 nm), x = 0.12, 0.24< 1.2 nm. �>��¸�M�
¿����

�gE%��@AZs�, ��s�BCDUVW'X. E��'ðj, ]F
GH MICRO-

LAB MKIL X�a:}ø';�:Ó1¿J.

2 �����

K 1Dh% Ta(10 nm)/NiFe(10 nm)/��"#�(x)/FeMn (13 nm)/Ta(7 nm)�����T

Hex�!M��"#� Bi, Ag< Cu
�®Y�ÇÈ�0La. EK:·3Mj, ­É Bi< Ag

®Y�l¯ HexNOZ³. R Bi < Ag ®Y�&PB 0.8 < 0.5 nm [, HexZ³7 0. °! Cu

���°Q, ­É
�®Y�l¯ Hex��Z³, R Cu�®YPB 2.0 nm[, HexZR³7 0.

7	S�TU3��&�H�èÏ, 3Váã2�ä�����s, �()� XRD< XPS�

&()	h%�9934 Cu, Ag< Bi� FeMn�:��<.
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�M XRD�?�WEX��7 Ta (8

nm)/NiFe(16 nm)/Cu(x nm)/FeMn(16 nm)/
Ta(6 nm), K 2DY89h%­ Cu®Yl

¯�XRDLaK, 5:K 2(a)Z(d)�&!

r Cu�®Y7 0, 0.3, 0.6< 1 nm. EK:

·3MW, [H�@®Y� Cu! FeMn�

(111)99\;��. Sun ��[15]!M��

� Ta/NiFe/Cu/NiFe/FeMn/Ta �t�]}

ø^ë_<X�a8�8Øi÷, NiFe <

FeMn �Í;(111)99D3`ú2aUª.

NiFe < FeMn b7êc]289, 5ùú

�²�&D 3.54< 3.76 Å. dD^M NiFe

< FeMn ��ùÎ89�g�ùú�²�

p, �3 FeMn·3cÉ NiFeeù23`

úJfUª. Ta�g��6�D�q4æ NiFe��(111)99, hi� NiFe��`úJfUª

� FeMn��jÃ¼ã�(111)99, E°ïi+�����T[16,17]. !M Ta/NiFe/Cu/ FeMn/Ta

89qk, ^M CuùÎ7êc]289, 5ùú�²D 3.61 Å, lM NiFe< FeMn�ùú�

²Q�, Ï., Cu�·3� NiFe��`úJfUª, mn NiFe�(111)99. g�, FeMn�·

� 2 Ta(8 nm)/NiFe(16 nm)/Cu(x nm)/FeMn(16 nm)/Ta(6 nm)���� Cu���	
 XRD���
(a)�(d)��� Cu ���	
 0, 0.3, 0.6 � 1 nm

� 1 �� Ta(10 nm)/NiFe(10 nm)/
����(x)/

FeMn(13 nm)/Ta(7 nm)
����� Hex ���
�

����� Bi, Ag� Cu����
� !"��
x 
�
��
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3� Cu��JfUª, jÃ¼ã�(111)99. � NiFe/FeMnéê�
� 1 nm®� Cu���

� FeMn�(111)99. �3, ·3MW�K 1:[H Cu���� HexZ³���.

K 3DW 2X�� Ta(8 nm)/NiFe(16 nm)/Ag(x nm)/FeMn (16 nm)/Ta (6 nm)h%:­ Ag®

Yl¯� XRDLaK, 5:K 3(a)Z(e)�&!r Ag®Y7 0, 0.08, 0.16, 0.4< 1.2 nm. EK

:·3Mj[H Ag ! FeMn(111)8�o;÷^��. ­ Ag 
���l¯, FeMn(111)8�o

¬YpqZ³. R Ag�®Y7 1.2 nm[, FeMn�(111)8�o"�rs. tu AgùÎ�Dê

c]289, �5ùú�²D 4.09 Å, ¸ NiFeùÎ���+. � NiFe��
� Ag/, Agù

Î�'�NiFe��`úJfUª. �.Ag��v
� FeMn�[, FeMnùÎ�'mwcNiFe

eù`úUª, ×'��jx<Uª. ¸ Cu�����, Ag�[Hyz	 FeMn�(111)99,

×à[H 0.5 nm®� Ag�·h����TZ³7{(ÒK 1).

� 3 Ta(8 nm)/NiFe(16 nm)/Ag(x nm)/FeMn(16 nm)/Ta(6 nm)���� Ag���	
 XRD��
(a)�(e)��� Ag ���	
 0, 0.08, 0.16, 0.4 � 1.2 nm
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K 4DW 3X�� Ta(8 nm)/NiFe (16 nm)/Bi(x nm)/FeMn(16 nm)/Ta(6 nm)h%­ Bi®Y

l¯� XRDLaK, 5:K 4(a)Z(d)�&!r Bi®Y7 0, 0.4, 0.8< 2 nm. EK 4(a)·3M

W, R\;
� Bi[, S�%;¼¬� NiFe< FeMn�(111)8�o. � NiFe�|h
���

� Bi��ÂÃ FeMn�(111)8�ors. BiùÎ#M}2ù0, 5ùú�²D 4.55 Å. � NiFe

��
� Bi /, ^MùÎ89<~��²b¸ NiFe �÷^�g, Bi èø�·'� NiFe��

`úJfUª. Ï., Bi! FeMn�(111)99���� Agá^�. ^K 4(b)·Ò, [H 0.4 nm

� Bi�B�yz	 FeMn�(111)99, æç Hexº½.

� 4 Ta(8 nm)/NiFe(16 nm)/Bi(x nm)/FeMn(16 nm)/Ta(6 nm)���� Bi��
�	 XRD���
(a)�(d)��� Bi ���	
 0, 0.4, 0.8 � 2 nm

K 1;Ek;-��H, [H Bi®Y½M 0.2 nm[, HexZ³����, ×;R Bi�®Y

PB 0.3 nm[, HexR��Z³, .[�Z³��¸[H Ag�La��. �ñ�, BiDiê�


�Ð, ¡�
�� Bièøà��W FeMniê, �3¡�
�� Bièø!�������

½. 7	â��E�¿, å � XPS()	 Bi, Ag< Cu� FeMn�: FeMn�iê��<.

Ó1 XPS ��[, ��Ç� XPS ���?��iê[14], 3¿��g�Y�ìí. XPS �

�¿�Y d¸:}øj��α�:}ø���
��0b�^«λ��07 d = 3λsinα [18], λ�
·^ Tanuma ��[19]�� 31 @� �:}ø��
��0b�^«ïi. j��α E 15�Ç

W 90�, !r�¿�Y� 0.6Z6.5 nm µ¶�ÇÈ[19], j���+!r��¿�Y��. K 5

7
� 0.24 nm Bi��� Bi 4f��] XPS';K, EK:·3Mj���iê;�¬ Bi 4f
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ì�. �D, ^M FeMn�®YPB XPS!Yh%�¡+�¿�Y 6.5 nm, ��, q��� Bi

��ìírY��
�¿W. �3, �ê��8Øi÷, ���s�B«:, �� Bi �:�

Bièø�eW FeMn�iê. Rj��α =15�[, Bi 4f�}ø8�'�7 158.5 eV, �¸ Bi2O3

: Bi 4f�}ø8�'Eç[20], �×'D�� Bi�:� Bièø��eW FeMn �iê, R�

�Eh%
�01�eW XPS01:[, � �*-:
�È�ç. IJ, EK 5Ä·3Mj

­Éj���l¯|�¿�Y�l¯, Ê Bi3+ 4f oJÄpqj�	�  Bi 4f o(5o�7

156.8 eV). 7	ÓEÔ() Bi� FeMn:��<, ! Bi�
�®Y7 0.24 nm���Ó1	

�Y�?. ��8Øi÷, � FeMn ��B«:E�������  Bi �<� FeMn :. �

� 5 �� Ta(10 nm)/NiFe(10 nm)/�����(x)/FeMn(13 nm)/Ta(7 nm)	
� 0.24 nm

Bi �
����� XPS ���

α �������
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�i÷���s�B«: Bi��eW FeMn�:, ;·'jÃ Fe-Mn-Bi���"¤67  

�� FeMn�:, ��¡yz FeMn�N��
'[21]. g����2¢, å � XPS��?	

Cu< Ag� FeMn:��<, \;�� Cu< Ag�eW FeMn�:. R
� Bi�®Yl¯[,

^M FeMn iê�£¤	E� Bi èø, Î0iê'�^�Z³, Bi �mw��¥¦�fo,

FeMn�§¨�5�êjx�Uª. Hex­[H Bi�®Y�l¯��Z³.

å ���8Øi÷: !�@ FM/��"#���/AFÎ0, ©�2�Ó¹ºªY Lqi

ª���D�«�. !�@Î0ßàïiî��éêë89ìí. !iê'�´��
�Ð,

Äß¬­� ��Wiê! Hex���.

3 ��

®B! NiFe/��"#���/FeMn 01:����T Hex�!M��� Bi, Ag< Cu�


�®Y�ÇÈ�0�(), å ��, ��¯°THex�+½g���èø¸NiFe�ùúû

üýþ;EÝ��0. R���èø�ùÎ89¸NiFe�ùÎ89�g�ùú�²�p[(¢

£ Cu), ���34 FeMn�	·3�mJfUª, FeMn��(111)99i3mn, ����T

Hex­
�®Yl¯Z³���. u°, R���èø�ùÎ89¸ NiFe�ùÎ89�g�ù

ú�²���+¤±R���èø�ùÎ89¸ NiFe �ùÎ89�g�ùú�²���+

[, ���34 AF �	�'JfUª, FeMn ��99b�²Wyz, ��, ����T Hex

­
�®Yl¯��Z³. ���7iê�
èø Bi[, �
��¼�, � b��W FeMn

�iê, Ï°!����THex��¼½. ×;R
���$[(¢£ 0.3 nm Bi), RhHex��

Z³.
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