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3B�:�>9>�A�¢�¥uÿ� “Γ” / Ni �üà�§�>Ø3	^|�^ek��Cz, (@
ù´
d Ni ��^��É59>�AÚå�, 	^|��^o´3_§ÝFÝ����)���	�>Ä³, §�^|
±9 Ni �üà§Ý��mk�ß�éA'X. ¢�(JJ«, g^�'�Aì��ïÄI�3¿ì��¬�^5
á��/�OÚÿÁ�{, ±;�·\�	�>^&Ò, �¢�(J�5Ø�.
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1 Ú ó

Cc5, �Xg^>fÆ�uÐ, <�ò>f
g^�DÚ�§�>y�(Üå5, é�Bº�
��Sc^5á�¥�>fg^!>Ö±99þ
Ñ$?1
�X�ïÄ [1−5], uy
g^ Seebech
�A [2,5], U
>u
ég^z¥g^�'9>�
A�ïÄ [6,7]. Ï�ù
�¬Ñ´±���G�Ú
E,�AÛ�/��37¡�.þ�, �9|!
>|Ú^|�Ó��\3�¬þ�, ÿÁ(Jé
�U´õ«Ôn�A�nÜ�^, N´ÚåØ�.
Adachi � [8] Ú Huang � [9] �CÒ�U�Ñ3g
^ Seebeck �A�ÿÁ¥, �¬¤^��.kî­
�Z6�^. 
A�Ó�, ·�3B�:�>9>
�A�¢�¥�uyéò¤ “Γ” /� Ni ��\§
ÝFÝ�, Ùüà�9>ØLyÑ²w�^|�'
5, ²(@§´
u^��É5�9>�A. §�
>Øê��C$��u®²���g^�'�A,
`²�¬þ>4��/�A�UùX¤uÿ�g
^ Seebeck �A. ùJ«g^�'�Aì��ïÄ
I�3�O���'�ì��¬�Úåv
�­
À.

2 ¢��{

¢�C�Xã 1 ¤«. ò���»� 200 µm
� Ni �ò¤ 90◦ ��, ¤ “Γ” /, �½uÀæÄ
¡þ, üà^ Cu >4ë��BÏL. F :� Ni �
�ò�:, E, G � Ni �� Cu >4�>«��
C F �:, EF = 10 mm, GF = 5 mm. �¬�Î
/^c�¢�Jø	^|, ^c�¡�»� 25 mm,
p 20 mm. �\^|�, ^c�¶�� Ni ��±
3Ó�²¡, ¿�ÏL F :. ^|���½Â�
^c¶�� EF �Y�, ^|rÝ���d^c
à¡� F :�ål r û½, �L 1 (L 1 ¥ 1 Oe =
79.5775 A/m).

L 1 ^c¶%�þ�^|rÝ�^cà¡ål�'X

r/mm 45 34 20 15

H/Oe 100 200 600 1000

·�æ^ Cu ��S9ª>Tc��9
,
� Ni �Jø§ÝFÝ. ��y§Ý�­½5, >T
cd­Ø>
ø>, ÏLN!>Tc�ó�>Ø
UC>Tc�§Ý. duS9ª>Tc�u9�3
TcSÜ, Tc�Ô�kà�±¼�'�þ!�§
Ý. Ïd, ù«\9�ª�,{ü, Tc���> Ni
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�
Ø¬¦�¬�¸�)�.�§Ý' Ni ��
§Ý�p. l9þ�D4´»5w, Tc�kà�
»� 1.5 mm, §�>�» 200 µm � Ni �þ F :
�, �� Ni ���¡�NJø��'�þ!�§
Ý, 3÷ Ni �¶�/¤����5'�Ð�§Ý
FÝ. BÏLê�­½�, ·�ò^c�g\3ã 1
¥� 90◦, 45◦, 0◦  �, *	£´>Ø�Cz, ^c
3z� ��Ê3�mþ� 20 s. UC^|���,
�± r ØC, =�± F :�^|rÝ��ØC.

ã 1 “Γ” / Ni ��¢�C�«¿ã

3 ¢�(J�©Û

¢�(JXã 2 ¤«. ã 2 ¥î¶��m¶,
Ù¥z 20 s ^|UC�g, p¶�BÏL¤uÿ�
�>Ø.

Tckà§Ý� 405.7 K �, Ø3 F :��9
²ï�, E :§Ý� 293.8 K, ='¿§ 291.0 K p
Ñ 2.8 K. Ïd, ·��±3¢�L§¥ò E :§Ý
w¤¿§.

ã 2 ØÓ^|��Ú\9^�e “Γ” / Ni �üà>Ø�	
^|�Cz�¹

ã 2 ¥¢��òTcR�Øuã 1 ¥ Ni �þ
� F :, 9²ï�, UC^|¤���BÏL>Ø

��mCz�¹. �±uy	^|é£´>Øk�
�K�.

Ó��§Ý^�e, ·�ò^|��, ��J
�¤«�ÿþ(J, �±uy£´>Ø�Czª³
�¢���.

:��òTcR�Øuã 1 ¥ Ni �þ� A :,
æ^�¢�Ó��ÿþ�{���, �±uy£´
>Ø©ª�±ØC.

3.1 ^̂̂|||���'''§§§���>>>ØØØ���½½½555©©©ÛÛÛ

� ^ > T c � Ni � F : \ 9 �, 9 þ ÷
X FE, FG ��*Ñ, ��²ï�, 3 FE ãÚ FG

ã¥©O�3��§ÝFÝ, �)�½�§�>Ä
³, d=�)0�>Ä³. §Ý���, )0�>
Ä³��. e E, G ü:�§Ý��, @o FE ã
Ú FG ã�§Ý���, ¤�)�)0�>Ä³ò
�p-�. �
'��Ù/w«¤uy�y�´3
Ï~�§�>y��Ä:þ�Cz, 3¢�L§¥,
·�k¿/¦ FG ��Ýã�u FE ã, 9²ï�
� G :§Ý�Ñpu E :§Ý, G, E ü:Ò�)

��é��§Ý�. ù�, 3£´þÒU3\9
�m t = 0—20 s �mÿ��� 35 µV ��.>Ø,
d� Ni ��?u^|¥, =^|�G�� H-',
Xã 2 ¥¢�¤«. ��ò�rÝ� 600 Oe �^|
�\3 Ni �þ, ¡� F :�^cà¡� N 4. 20 s
�ò^|\3 90◦ ���, BÏLuÿ���²w
�>ØCz ∆U , ∆U ��
 26 µV; 40 s �, ^|=
� 45◦ ��, ∆U = −6 µV; 60 s �, ^|=� 0◦ �
�, ∆U = −32 µV; 80 s �, ^|=£� 90◦ ���,
>Ø�£�
�c 90◦ ��G�; 100—120 s ��
^|, >Øq£�
åÐ 0—20 s �m H-'��G
�.

3�¢��Ó�\9^�e, ·�ò^c=�,
¦^c S 4�éX F :, @o>´¥�:�^|�
�ÑUC
 180◦, Xã 2 ¥J�¤«. ¤ÿ��£
´>ØCz�¹�¢����Ó, ùÒ`²^|é
£´>Ø�K�¿Ø´dUdA�A [10] E¤. Ï
�e£´¥>Ø�Cz´UdA�AÚå, @o�
UC^|�� 180◦ �£´�>ØCz�¹A�¢
���.

·�5¿�, òTckàR�Øu F :�,
3 F :ò�)��R�u Ni �²¡�§ÝFÝ,

^|�\3 Ni �²¡S, ùÒk�U3 Ni ��
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¶��)��UdA>|, /¤�½�>Ä³. �
d, ·�òTcY²��, Tc²í�kà� F :
�>, ¦ F : Ni �þ�§ÝFÝ�±3 Ni �²¡
S, XJUdA�Aé£´>Ø�Czk�z, @
od�3 Ni �¤3²¡S�\^|, ¤�)�U
dA>|ATR�u Ni �²¡, £´>ØòØ¬
�^|Cz. �·�E,uÿ�
�ã 2 ¥¢�Ó
��>ØCz. ù`², ¤uy�y���¢�¥
�\§ÝFÝ��ªÃ', ?�ÚüØ
UdA�
A��U5, �U´Ù¦ÔnÏ�Úå�.

3^Tc� F :\9�, Ø
3 Ni �þ�)
)0�>Ä³, �3 E Ú G ü�>?�)ø�b
>Ä³. ·���, ü� Cu, Ni �>?�ø�b>
Ä³��� G, E ü:�§Ý�k', ¤±3Ã^
|��£´>Ø��� G, E ü:�§Ý�k'.
·�ò>TcR�Øu Ni �þXã 1 ¤«� A

:, N!>Tcó�>Ø, 9²ï�, BÏL¤uÿ
��>Ø� 34 µV, �9
3 F :�� 35 µV �C.
ù�Ò�y
 G, E ü:�§Ý�A���, �Ò
´ G, E ü:m�)0�>Ä³Úø�b>Ä³�
9
3 F :��ÿA���, ØÓ��´ Ni �þ
�§Ý©Ù. d�, é^c�Ó��ö�, uy£´
>ØÄ��±ØC, �Ò´ ∆U = 0, Xã 2 ¥:�
¤«. Ïd, ã 2 ¥¢�ÚJ��¢�y��Ø´
ü��>>4Úå�.

�â±þ?Ø, ·�@� ∆U ´d§ÝFÝ|
Ú^|�Ó�^e Ni �¥¤�)�, �Ò´^|
¬¦§ÝFÝ���)���	>Ø. Bakker � [6]

3ïÄ�Û�g^zì��, �´ÿþ “Γ” /(�
��¬3$�?�3p§�üà>Øéu^|�
�6, T “Γ” /(�¥�3X�ã·#Ü7, �,
¦���¬´3�B�º���S, �¦�?Ø�
E,¦^
¬á�9>Xê. ¤±·��(J`²
3¦�@��ì��¬(�ÚÿÁ�{¥, 3uÿ
&Ò¥éN´·\���	�>Ø, ñXý¢�g
^�'�A.

3.2 ^̂̂|||���'''§§§���>>>ØØØ���555


©©©ÛÛÛ

�
(@ FE ãÚ FG ã3^|�^e>³
��Cz��Ï, ·�ò “Γ” / Ni �U� “�”
/ Ni �, Xã 3 ¤«, Ù¥ EF ã�Ý�� 10 mm.
ò§Ýð½�>TcR�Øu Ni �þ� A :,
¦ FE ã�)��§ÝFÝ, ÏL�\ØÓ��Ú

���^|5*ÿ£´>Ø�Cz�¹. �
��
^|�'§�>Ø ∆U Ú F , E �m�§Ý� ∆T

�m�'X, ·�|^ Seebeck >Ä³�O�úª
5O� F , E �m�§Ý� ∆T :

∆T =
U

SCu − SNi
, (1)

Ù¥ U � Seebeck >Ä³, �Ò´BÏL¤uÿ�
�>Ø; SCu, SNi ©O� Cu Ú Ni � Seebeck Xê,
� 300 K �� Seebeck Xê�, SCu = 1.83 µV/K,
SNi = –19.5 µV/K[11].

ã 3 “�” / Ni ��¢�C�«¿ã

Xã 4 ¤«, ·���
^|R�Ú²1u Ni
�� ∆U -∆T 'X­�. lã 4 ¥�±wÑ, ∆U

� ∆T ¤�5'X, �ØØ^|���XÛ, ∆U Ñ
�K�, �Ò´3_X§ÝFÝ����)���
	�>Ä³.

ã 4 H = 600 Oe, ^|3 90◦ Ú 0◦ ���� ∆U -∆T 'X

ã 5 � F , E �m�§Ý��½�, ^|�'
§�>Ø�^|�Cz'X. ã 5 ¥�±wÑ, 3
R�uÚ²1u Ni ��� ∆U Ñ�X H �C�

ªu�Ú. Ù¥, ^|²1u Ni ��, ∆U 3 H �
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��®Ä����Ú, 
^|R�u Ni ��, ∆U

� H �Cz'��ú. �d·�éX� Ni ��^
��É5, �â Ni ��^zrÝ��5?Ø^|
� ∆U �Cz'X.

ã 5 ∆T = 21.9 K �, ^|3 90◦ Ú 0◦ ��� ∆U -H 'X

ã 6 �	^|²1u Ni �±9R�u Ni �
�^¢£�ã, 3 Ni �²1u	^|�, ^|rÝ
�� 600 Oe, Ni �Ä�®²���Ú^z, Xã¥
R�J�¤«. 
� Ni �R�u	^|�, KÑy

J^z­�, ��^|rÝ�� 4 kOe �, Ni �
â���Ú^zG�.

ã 6 	^|²1ÚR�u Ni ���� Ni ��^¢£�

éXã 5 �ã 6 �±wÑ, Ni ��^zrÝ�
�, §�>ØCz��. ·�ò (1) ªC/, ��§
�>Ø�L�ª

U = (SCu − SNi)∆T. (2)

du�¢�¥ Ni ��9�ÇØÉ	^|K� [12],
Ni �þ�§Ý©Ù3	^|e¿Øu)UC, ¤
±·�@� Ni �� Seebeck Xê SNi �Xq��
^z
C�, l
��BÏL¤uÿ��>Ø U

�C�.
©z [13—15] �âgd>f�.�Ñ
 See-

beck Xê�L�ª

S = −π2k2
BT

3e

∂ ln ρ

∂E |E=EF

, (3)

Ù¥ kB �À�[ù~ê, T �á��§Ý, e ��
>Öþ, ρ �á��>{Ç, E �>f�Uþ, EF

� Fermi U?. `²9>Xê���>{�3�'
'X!Ñ�ûu Fermi ¡NC>f�G��Ý. =
éu÷*º�� Ni �, �±ÏL�\	^|5U
C Fermi U?NC� ∂ ln ρ/∂E[16], �)Ï~¤`
�^>{y� [17] Ú S �^z���Cz. l�
)�Ånþ, §��^��É5Ú^�� y�
��, Ñ��J��Ó��g^�m��p�^
U [18]. Ïd, 3äk^��É5� Ni �þ�U

*	� Seebeck Xê SNi �^z���²wCz.

ÏL±þ©ÛL², 3^��É5� Ni �þ
¬LyÑ9>�Aé Ni �^zrÝÚ����6.
Ïd, ·�¢�(J�Ñ
��J«, Ò´3ïÄ
g^�'�Aì��¬���¥, I�3¿Ù¥^
5á���/(��OÚì�5U�ÿÁ�{, ;
�dd·\�	�>^&Ò, âU¼�ý¢���
(J.

4 ( Ø

3B�:�>9>�AïÄ�¢�¥uÿ
� “Γ” / Ni �üà�§�>Ø3^|�^ek�
�Cz, ?�Ú�¢�(@ù´d Ni ��^��
É59>�AÚå�. ù��A3 “Γ” / Ni �þ
Uå^�9>ó��^, 3uÿ£´¥�)��o
´_X§ÝFÝ����	�>Ä³ ∆U . ù�¢
�(JJ«·�, 3g^�'�Aì��¬���
¥, I�AO3¿Ù¥^5á���/(��OÚ
ì�5U�ÿÁ�{, ;�dd·\�	�>^&
Ò, âU�yg^�'9>��A(J���5.
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Influence of magnetic anisotropy thermoelectric effect
on spin-dependent devices∗
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Abstract

While researching the thermoelectric effect of the nanocontact, we find that the thermoelectric voltage between both ends of

the “Γ”-shaped Ni wire changes significantly by applying an external magnetic field, which we attribute to the influence of magnetic

anisotropy of Ni wire. The effect of the external magnetic field always produces an extra force whose direction goes against the tem-

perature gradient. And the extra force clearly corresponds to the magnetic field and temperature difference between both ends of the Ni

wire. These results suggest that during studying spin-dependent devices, the testing methods and the configuration of magnetic material

need to be noticed seriously in order to avoid interfusing additional electromagnetic signals which may bring about a miscarriage of

justice to the experimental results.

Keywords: thermoelectric effect, magnetic anisotropy, Ni wire
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