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äkR�^��É5�^5B�(�´g^=£åÝì��­�ïÄSN, �©æ^�~¿��AXÚ/ï
Ä
^�í�{��� [CoFeB/Pt]n õ���R�^��É5. � CoFeB �þÝ�u 0.6 nm �, �±3 [CoFeB/Pt]n
õ��¥*	��ß�R�^��É5, ÙR�^��É5r��6u CoFeB Ú Pt �þÝ9õ��±Ïê. �õ
��±Ïê n > 5 �, Ñy"�^y�.,	, [CoFeB/Pt]n õ���
�åþ�u 2 kA·m−1, k"��R�gd�
�­�ûÀá�A^uR�^B�(�¥.

'�c: ^5õ��, R�^��É5, �~¿��A

PACS: 75.70.−i, 75.30.Gw, 75.47.−m

1 Ú ó

�Xg^>fÆ�uÐ, >6p��>fg^
=£åÝ (STT) �@�ò3�5g^>fì�¥
�ü­��Ú, Ïd, äkR�^��É5 (PMA)
�^B�(� (Ù^5��^ÝR�u�¡, ±e
{¡�R�^B�(�, XR�^��() Cc5
m©¤�IS	ïÄ�9:�� [1−4]. Ù�Ïk
±eA��¡: Äk, R�^B�(���U/¤
���P¹ü�, l
U��Jp&E��;�
Ý; Ùg, R�^B�(�é96Ä (thermal fluc-
tuations) k�Ð�­½5; 1n, R�^B�(�
U
k�/�Ø^5�¡S�µ^ª=Ä (mag-
netization curling) é¡ÈÚ/G���; 1o, �
´�­���:, R�^B�(�¥>6p�^
z�= (CIMS) ¤I���.>6�Ý jC '¡S
^(��éõ, l
UéÐ/ü$�5 STT ì�
�õÑ.

ä k PMA � á�k é õ, X Co/Pt, Co/Pd,
Fe/Pt, Fe/Pd õ��Ú FePt, FePd Ü7��� [5−7].
�C, Jung � [8] ��
 CoFeB/Pd õ��� PMA,
Ù¥ CoFeB þÝ�� 2 nm. ,
 Fowley � [9] @

��k� CoFeB þÝ'���, CoFeB/Pd õ��
¥â*	� PMA y�. î8��, CoFeB/Pt õ�
�� PMA ���?Û��. �©��
æ^�
~¿��A (AHE) ù�ïÄÃãéØÓ� Pt þ
Ý!CoFeB þÝÚõ��±Ïê� [CoFeB/Pt]n õ
��� PMA ?1�XÚïÄ.

2 ¢��{

[CoFeB/Pt]n ^5õ��æ^�6^�í��
{3 Si/SiO2 Ä¡þ��
¤, í�XÚ��.ý
�`u 8×10−6 Pa. í�íN�XÝ� 99.9999%�
pX Ar í, í�íØ� 0.4 Pa, CoFeB �æ^XÝ
� 99.9%�?� Co40Fe40B20 qá��, Pt �æ^
XÝ� 99.95%�qá��. ¢�¥,�
Bu'�,
¤k�¬k�È�� 4 nm þ� Pt ���À�.

^ 5 á�� ¿ � � A � ) � ~ ¿ � �
A (OHE) Ú AHE üÜ©, ¿�>{Ç ρxy �	
\^| H �'X´ [10]

ρxy = R0H + 4πRsM⊥, (1)

Ù¥, R0��~¿�Xê, Rs��~¿�Xê, M⊥

�á��^53R���þ�©þ. ��/, AHE

* I[g,�ÆÄ7 (1OÒ: 50871120, 11079052, 11174354) ]Ï��K.

† E-mail: tzhu@aphy.iphy.ac.cn

c© 2012 ¥¥¥IIIÔÔÔnnnÆÆÆ¬¬¬ Chinese Physical Society http://wulixb.iphy.ac.cn

167504-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 16 (2012) 167504

5gug^ - ;��p�^, ¿���u OHE, Ï
d, �â (1) ª�±�� ρxy ∝ M⊥, =l ρxy � H

�Cz'X (¿�£�) �±¼�R�^(��^
zA� [1]. �©Ò´ÏLÿþ�¬�¿§¿�>{
Ç�	\^|�Cz'X, XÚïÄ
 [CoFeB/Pt]n
^5õ��� PMA.

3 ©ÛÚ?Ø

ã 1 � Pt(4 nm)/[CoFeB(t)/Pt(1.5 nm)]2 X�
�¬�
�å HC � CoFeB þÝ t �Cz'X.
S�ã� CoFeB þÝ� 0.49 Ú 0.61 nm ��¿
�£�, ρS

xy ��Ú¿�>{Ç. lã 1 �±w
Ñ, �¬�¿�£��/G�X CoFeB þÝ�~
�
ØÓ, �X CoFeB þÝ�~�, £��Ý/
Ý (Mr/Ms, Mr ��^, Ms ��Ú^zrÝ) m©
O�, � CoFeB þÝ� 0.53 nm �, ÙÝ/ÝO�
� 1, ùL²d���¬®²LyÑ²w� PMA
A�. Ó�, HC � CoFeB þÝ�~��ÅìO�.
� CoFeB þÝ3 0.5 nm �m�, �¬äk�~Ð
� PMA A�. ,��¡, R�^z� [CoFeB/Pt]n
õ��� HC þ�u 2 kA·m−1, '©z [11] ��
� [CoFe/Pt]n õ��� HC ���þ?. Ïd, R
�^z� [CoFeB/Pt]n õ���±��R�gd�
�­�ûÀá�A^uR�^B�(�¥.

ã 1 Pt(4 nm)/[CoFeB(t)/Pt(1.5 nm)]2 õ � � � ¬ 

�å HC � CoFeB þ Ý t � C z ' X, S � ã © O
� tCoFeB = 0.49 Ú 0.61 nm ��¿�£�

��/, ^5���k�^��É5���X
e/ª:

Keff = KV + 2
KS

t
, (2)

Ù¥ t, KV, KS ©OL«^5��þÝ±9NÚ.
¡éu��É5��z. N^��É5 KV Ì�5
gu/G��É5, ^�5��É5, ±9^¬�
�É5��z, �äNá��/G!¬�(�Úá
���5Aå����' [12,13], ��5`, ^5�
�duò^|��Ï KV < 0. .¡^��É5 KS

5
u.¡ 3d >f�,z, ��/, KS > 0. KV

Ú KS �p¿�, � Keff > 0 �, �¬�^z��
ÒU
R��¡, =�¬äk PMA A�.

é u Pt(4 nm)/[CoFeB(t)/Pt(1.5 nm)]2 X��
¬ 
 ó, � CoFeB � þ Ý � u 0.3 nm �, d
� CoFeB/Pt mU
/¤��ß�.¡, .¡��
É5ÓâÌ�/  [11], ¦� Keff > 0 ¤á, l
�
��¬äk²w� PMA A�. 3�½� CoFeB þ
Ý��S, Keff Ñ'��, HC �Ò�� (Xã 1 ¤
«). �X CoFeB þÝ�?�ÚO�, O\� CoFeB
¿vké Keff �)�õ����z, ��.¡�
�É5U�X CoFeB þÝ�O�
~�. Ïd, L
y�Keff m©~�, HC �� CoFeB þÝO\
~
�, �� CoFeB þÝ (éudX�) �u 0.61 nm �,
Keff < 0, d��¬�^z��Ø2R�u�¡.

ã 2 Pt(4 nm)/[CoFeB(0.41 nm, 0.49 nm)/Pt(t)]2 X��
¬ HC � Pt þÝ�Cz

[CoFeB/Pt]n õ��� PMA A�� Pt ��
þ Ý Ó � ä k � � � ' X. ã 2 � Pt(4 nm)/
[CoFeB/Pt(t)]2 X��¬ HC � Pt þÝ�Cz'
X. ù��¬� CoFeB þÝkü«, ©O� 0.41
Ú 0.49 nm, dc¡ PMA A5� CoFeB þÝ�'
X��, d��õ���¬ÑAäkéÐ� PMA
A�. ¢Sþ, �X�¤k�¬��^' Mr/MS þ
� 1. � Pt þÝ�u 1 nm �, CoFeB/Pt mU
/¤
��ß�.¡, ¦� Keff > 0 ¤á, l
���¬
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äk²w� PMA A�, ù�:�ã 1 �±p�<
y. �´, � Pt þÝ�u 1.5 nm �, HC eü×�,
ù�U� Pt �Oþ��f
 CoFeB ��m��p
ÍÜk'.

ã 3 Pt(4 nm)/[CoFeB(0.49 nm)/Pt(1.5)]n X��¬�¿�
>{Ç�R�	\^|�Cz, S�ã��=|�õ��
±Ïê�Cz

[CoFeB/Pt]n õ � � � PMA A � Ø =
� CoFeB Ú Pt �þÝk', 
��õ��±Ï
ê�k'. ã 3� Pt(4 nm)/[CoFeB(0.49 nm)/Pt(1.5
nm)]n X�� ¬ � ¿ � £ �. l ã 3 � ± w Ñ,
n = 3 � n = 2 �¬�Ý/Ýþ� 1. �Xõ�
�±Ïê�O\, £�m©��, ==2O\��
±Ï, = n = 4 �, £��Ý/Ý×�C�, ¿/¤
·�G/G. n > 5 �, ·�G£����ÝUYO
�, �^'�Cu". ã 3 �S�ã��=| Hk �

õ��±Ïê�Cz. �±w�, � n 6 3 �, Hk

�K, d�� [CoFeB/Pt]n õ���^zL§��
��c^á���, Ly�Ø�_���^z�=.
� n > 4 �, �¬E,äk PMA A�, �Ï´ n �
��^5õ����Ly�üÆ�, Ù^zL§�
Ø�_���^z�=, �´, �X n �O�, .¡
o÷Ý,p, d��^5õ��Ò¬�)©Æ, /
¤õÆ�, Ù^z­�õLy�·�G, 3�^G
�e, �^Æp�-�, Ïd�^'Òª��", a
q�^zL§3 [(Co/Pt)nCo/CoO] õ��¥½k
�� [14]. �´± ��� Co/Fe, CoFe/Pt �á�N
X, ��� n > 10 âÑyù«�^�"�y�, Ï
d, � [CoFeB/Pt]n õ��3A^uR�^(��,
AÀJõ��±Ïê n < 3, d��¬Ly�üÆ
�, k|uÙ3 STT ¥�A^.

4 ( Ø

�©éØÓ� CoFeB þÝ!Pt þÝÚõ��
±Ïêé [CoFeB/Pt]n õ���R���É5�K
�?1
XÚïÄ. � CoFeB ��þÝ�u 0.7 nm,
Pt ���þÝ�u 1.5 nm �, [CoFeB/Pt]n õ��
¥�±*	��ß� PMA A�. �Xõ��±Ï
ê n �O\, ^5õ��m©�)©Æ. � n > 5
�, [CoFeB/Pt]n õ � � d u © Æ Ñ y"� ^ y
�. ,	, [CoFeB/Pt]n õ���
�å Hc þ�
u 2 kA·m−1, k"��R�gd��­�ûÀá�
A^uR�^B�(�¥.
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Abstract
The perpendicular magnetic anisotropy (PMA) in as-deposited [CoFeB/Pt]n multilayer is studied by using anomalous Hall effect.

A clear PMA is observed in the ultrathin (∼ 0.5 nm) amorphous CoFeB layer sandwiched by Pt. The PMA in as-deposited [CoFeB/Pt]n
multilayers is strongly dependent on the thicknesses of CoFeB, Pt, and the number of CoFeB/Pt bilayers. With the increase of the
number of CoFeB/Pt bilayers (n > 5), the hysteresis loop changes from rectangular to bow-tie shaped, and then the net moment
approaches to zero in the remnant state. Moreover, the coercivty of [CoFeB/Pt]n multilayers is much low, which meets the requirement
for free perpendicular electrode in the future spintronic device.
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