56 9 2007 9 Vol.56 No.9 September 2007

1000-3290/2007/56 09 /5476-07 ACTA PHYSICA SINICA (©2007 Chin. Phys. Soc.
*
"
225002
2007 1 24 2007 2 23
J,<0.1 0o, oy J,>0.10,

PACC 7570 7530G 7540M 7530T

1.
Meiklejohn ~ Bean
1 15
/ Koon ?
= . Schulthess * CoO 111 /
/ -
/
R . Slonczewski **
13—20
AF
2 Nell Heijden »
. Kohlhepp ’ /
22 . StlleS “ ” “
” AF
" Xi /
* 10347118 2006KJB140133

T E-mail hujgyz@263 . net



5477

9
do)| I
/ (dz T e
T UAF
e J> sin’ o - a . 3
H, 2A '
2
/
Lar Mauri
Koon 2 1 2 3
Schulthess 107° 5, 0, =
px]
’ VA Ky
2 w ]1
) J o, =2 Ay Kyp
/ xX-y
% 3.
z
Xi
a
X My, My Ji<o,
Jl > Oy
x
15
Lap
My z . ) . )
% 901
1 Ji Js /
M.
!AF do\? . M
E, =J0 [A“‘(i) + Kypsin® | dz 1 a
— ]ICOS gD - |Z="_\F MFM ]800
+ Jocos" ¢ - a ‘Z:t:\F 1 b
My 180°
13 ” 1
Ay Ky
Lar My My 180°
. M
[04 M ng
. z “ ”
@, <90° 1d
gO V4 'Jl J2
My My 180°
£ @, < 180° “ ?
2AAF(@?) — Kysin 29 =0 2 10< /<o,
AF Ly =3.00, Ji
(i@) o =0.90, Js
dz z=0 2 2 a JZ =



5478

TILITIm Y -
@ P 3
DA 4
Yy
T x
|. f.-l/'-/yu-.-». g-
(c)
Yy
1 Ji
0.09¢, 2b J,=0.9s,. J,<0.1o,
a 5,=0 29
My 0° 180°
My My
A it Aerir = 168°
a = 180°
My 360° 0° %o
@y a
1.2 J,=0.90y, J5=0. 090y E b
1AF=3. 08 o
AF . WA Evol
90
0 60 120 180 240 300 360
a/()
2 Ji=0.906, t,r=3.00, Jr 0.096, 0.90,

—

ehoocepocsecacanyel
Y l I l l l-v'.v

(®)

qefole

ettt ey,

®

.f.../.'/f/n,,

180°.

M ™M

Esw/ Ow

o /()

Qe 900 J2
J,>0.10, 2 b
0° 180°
MI"M
MFM
Wi Qg = 51°
13 ”
L2F o 3360 ]
................ })’\360‘,%%00 »
0.9k
0.6
0.3F
0.0 ﬁ S e
-0.3} ]
360
J1=0. gdw, ']Z 0. 90'“ """
300 F 2AaF=3.00% |
240 | ]
180 | ]
120f |
60 - ]
(b)
0 y . L L L
0 60 120 180 240 300 360
al/(")
ES“ E\n] Po P, a

a



9 5479
My,
o - I ——MO° 360° E
o, =87.4° M gy I
o, = 180° 0 s
~
My 180° 360° AF §
My 360°
0° @, a
360 t + }
J1=5. 00y, Jo=0. 50y
1 c “ ” 300 tap=3.08y 1
240 E
My @~ ¢ < 10} 1
J a — @, Q)i s
120 | E
90°.
60 E
0< J, <o, ty=3.00, (a)
/ 0 0 6b IIZO IéO 2;10 SIOO 360
My a/()
“ ” Xi 7, Ly . . ' .
=0.90, J,=0 Lar ! AFerit 0.8 ﬁgffi;sg .
L pperin = 2. 288w
Lar s
~
t:\FcIi( J2 Lﬂﬁ
“ ” ]2 s O . 10‘w
“ " J,>0.10,
“ ! Q {crit I 360 . . .
o “ J1=5.00'W,J2=0.5O'w
180°. 300 | 7ar=3.06w 4
240 |
QA erit J 2 90°. —_
2 Jl > G\‘\f <“ 180 I
&
3 Js 120
J, =5.00, 4 =3.00, J 0.50, 6ok
5.00, 0 . . . _ ,
0 60 120 180 240 300 360
3 a J, <o, J,=0 Xi @ /()
15 MFM
« " My O° 180° 3 /=500, t4=3.08, ) 0.50, 5.00,
Esy P a
My a= 1b “
A3 A3y = 1350 5 J2 > Oy @1
. M gy 180° o, a a
130°. My, 360° A derit gy = 51° @
° ¢ o« 0°
MFM 901



5480

56
a a — ¢ a = 45° e
67° . a=180° a=90°
Pu < 180° b= 114° . My My
- My 135° .
180 Mgy 360° 0°
a Po Pu
Qgerit 90° Js Koon a 7,010,
a = 180° O .
i ’ My a =90°
90 | gOt = Oo
3 =0
Jl MFM
: a = 180°
. < <90 . My ‘2
Jl ) 0 “
J 4 a J,<0.10, "
My Schulthess e
0.15 : . . - | | |
J1=0.00y, J;=0. 090y — FEgw . —}J\O"E§360°
tAr=3.00w s Bl Lol })\360 %EO
0.10
B = 0.9 ./‘
: S
. g |
; D06
S 005 L
) 0.3F
0.00 |- 0.0F e
360 ' ' = —t
10.0 J1=0.00w, Jy=0.90y " |
300 | taFr=3.08%
240
E < 180
) 120
60
_ @ | . | I | | |
-10. 00 60 120 180 240 300 360 0 60 120 180 240 300 360
a/(%) e
. 4 Ji=0 =300, ) 0.09, 0.95, Esy Ea ¢ ¢ a
1 .]l “ nowu ” J2 J2
My M oy ) ] “
.]2 11.2 _]| >Gw ]zsdw
MAF MFM “ ’ “ ” J2 > 6\’{
']2 Jl 113 »


Absent
Image
File: 0


9 5481
i, H, 3 < H,
Oy J,<0.1 0o,
: : H, 4.
]2 ,]2 > 0 . 1 Oy
H, H, L /
" H,
H, 13 17 4
Xi
]2 He H(
JI ‘12 t ’\F 13 ” “ ” “
/ ” 13 ”
5 Ji=0
/ H,
J,<0.1s,
H J,<0.10,
¢ ) \ ' J,>0.10,
J,>0.1c,
1 Meiklejohn W H Bean C P 1956 Phys. Rev. 102 1413 14 Mauri D Siegmann H C Bagus PS Kay E 1987 J. Appl. Phys.
2 Daughton ] M Chen Y J 1993 IEEE Trans Magn . 29 2705 62 3047
3 Dieny B 1994 J. Magn. Magn. Mater 136 335 15 Xi H White Robert M 2000 Phys. Rev. B 61 80
4  HeimDE Fontana Jr RE Tsang C 1994 IEEE Trans Magn . 30 Xi H  White Robert M 2000 Phys. Rev. B 62 3933
316 16 Stiles M D McMichael R D 1999 Phys. Rev. B 59 3722
5 NogesJ Schuller I K 1999 J. Magn. Magn. Mater 192 203 17 HuJ G JinGJ Ma Y Q2003 J. Appl. Phys. 942529
6 Kiwi M 2001 J. Magn. Magn. Mater 234 584 HuJG Jin GJ MaY Q2002 J. Appl. Phys 92 1009
18 Pan ] MaM Zhou L HuJG2006 Acta. Phys. Sin. 55897 in
7 Stamps R L. 2000 J. Phys. D 33 R247
Chinese 2006 55
8 Kohlhepp J T De Jonge W J M 2004 J. Appl. Phys. 95 6840 897
9 Dekadjevi D T Suvorova A Pogossian S Spenato D Ben Youssef 19 HuJG Stamps R L2006 Chin. Phys. 15 1595
12006 Phys. Rev. B74 100402 R 20 PanJ Tao Y C Hu J G 2006 Acta. Phys. Sin. 55 3032 in
10 QanT LiG Zhang T Zhou TF Xiang X Q Kang X W Li X Chinese 2006 55 3032
G 2007 Appl. Phys. Lett. 90 012503 21 Koon N C 1997 Phys. Rev. Lett. 78 4365
11 ZhouSM Li HY Song ] T 2002 Acta Phys. Sin. 51 917 in 22 Nell L 1988 Selected Works of Louis Neel —edited by N. Kurti
Chinese 2002 51917 Gordon and Breach New York 469
12 Teng) Cai ] W Xiong X T Lai WY Zhu F W 2004 Acta. 23 Schulthess T C Butler W H 1998 Phys. Rev. Leti. 81 4516
Phys . Sin. 53272 in Chinese Schulthess T C Butler W H 1999 J. Appl. Phys. 85 5510
2004 53272 24 Slonczewski J C 1991 Phys. Rev. Lett. 67 3172
13 Malozemoff A P 1988 J. Appl. Phys. 63 3874 25  Van der Heijden P A A Swiiste C HW De Jonge W J M 1999

Malozemoff A P 1988 Phys. Rev. B 37 7673

Phys. Rev. Lett. 82 1020



5482 56

26 Parkin S S Deline V R Hilleke R O Felcher G P 1990 Phys . Rev. B 42 10583

Configuration of the antiferromagnetic magnetization and the
exchange anisotropy in exchange-biased bilayers *

Xu Xiao-Yong Pan Jing Hu Jing-Guo'
College of Physics Science and Technology — Yangzhou University ~ Yangzhou 225002  China
Received 24 January 2007  revised manuscript received 23 February 2007

Abstract

The phases of the antiferromagnetic magnetization and the corresponding exchange bias and coercivity in exchange-biased
bilayers FM/AF  with interface quadratic and biquadratic exchange coupling have been studied comprehensively. The results
show that there are four possible cases for the antiferromagnetic magnetization namely the reversible recovering case irreversible
half-rotating case irreversible reversing and irreversible half-reversing cases. However the realization of the cases strongly
depends on interface quadratic coupling interface biquadratic coupling and AF thickness. In the reversible recovering case the
exchange coupling between FM and AF results in the exchange bias and there is no exchange bias in the other cases. Specially
for exchange-biased bilayers without interface quadratic coupling there exists a critical value of the biquadratic coupling constant
Jrwit =0.10, o, denotes AF domain wall energy  below which the positive exchange bias appears otherwise there is no
exchange bias and the coercivity can be enhanced. For the FM/AF bilayers with interface quadratic and biquadratic coupling

the interface biquadratic coupling can weaken or eliminate the exchange bias but always enhances the coercivity .

Keywords spin configuration of antiferromagnet exchange anisotropy interface biquadratic exchange coupling exchange bias
and coercivity
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