Chinese Physical Society
Mﬂﬁﬁ Acta Physica Sinica "

; Institute of Physics, CAS

SR E e BN E RGP MRS E S 4

IHX WMWK HEgd FHE

Stability of magnetization states in a ferromagnet/heavy metal bilayer structure

Wang Ri-Xing He Peng-Bin Xiao Yun-Chang Li Jian-Ying

5| 115 & Citation: Acta Physica Sinica, 64, 137201 (2015) DOI: 10.7498/aps.64.137201

1E 251515 View online:  http://dx.doi.org/10.7498/aps.64.137201
AP % View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/113

AT RE RSB B L&
Articles you may be interested in

BRRE A Z5AR [R) (A T Bio Ses TR A AR B 78
Phase transition of ultrathin Bi;Se; film sandwiched between ferromagnetic insulators
PP 22422013, 62(3): 037202  http://dx.doi.org/10.7498/aps.62.037202

BRARER AR GHOR L& [ 21 ) 1 26 55 R AIE
Preparation and characterization of nickel manganese ferrite
YE % 4.2012, 61(9): 097502  http://dx.doi.org/10.7498/aps.61.097502

IS Tt R RSB T, - - R T, — J2 M4 2 A AN AT 0 52 e e At 7

Irreversible exchange-spring processes of antiferromagnetically exchange coupled hard-soft-hard trilayer
structures

YE = 4.2011, 60(10): 107503  http://dx.doi.org/10.7498/aps.60.107503


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.137201
http://dx.doi.org/10.7498/aps.64.137201
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I13
http://wulixb.iphy.ac.cn/CN/abstract/abstract51910.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract51910.shtml
http://dx.doi.org/10.7498/aps.62.037202
http://wulixb.iphy.ac.cn/CN/abstract/abstract48275.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract48275.shtml
http://dx.doi.org/10.7498/aps.61.097502
http://wulixb.iphy.ac.cn/CN/abstract/abstract17696.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract17696.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract17696.shtml
http://dx.doi.org/10.7498/aps.60.107503

) I8 ¥ 48  Acta Phys. Sin.

Vol. 64, No. 13 (2015) 137201

i/ Ee RV E BRI P RIS
REMS

T DT A Y

Hiz gl ZFaExb

1) (BT SCH 2R T S 5 B TR AERE, WA 415000)

2) (IR R S HoR 7R, Kb 410082)

(2014 4F 12 A 24 HYKE); 2015 45 2 A 16 HREMESH )

S Nl R PR Y S RO ey A S N VA S ) e 1 DA K i BUR S Y S
PEI3 AT, B4 T CLR SRR RGP Z BN RS A . R BE 1 U 55 L BE RN AN, 7T LLIRAS AN A
RGPS, . 1 A R RESD A T N AR E A LRSS, AN 10T TR0 E — € B Vi LI,
AT PR S R T LA S B AE R RR A AN B, R, e BB SR R JT R, 4 1 I S IR A A P A

Bz

KRR BRI, A e /RN, R o A
PACS: 72.25.-b, 72.25.Mk, 75.60.Jk

15 =

1 e WA HL TR 1) e B A Rz 2
ALK A A AR ORI AE L, A SA AR
AT F G AT Z k0. B, Biefiz
HERNE A T NATITRIT 98 e AR A v IR 0 1 2
MBS IRES KBRS, Fr )2 i E e £ 0 3R 5
TR P e 18T R B ) S SR X R B LA o 2
Kot 5 N7 AORGRIIR 5 & O 7= 28 1 BRI
oM. s b, B R R R N IR TR I S
AR A LA 2 T FO AR LA =100,

I, B R A LI AT AR B e R R R iE
R AREPERUREN BUR VRN G M S NS I i 5
b it 1o J5 2 TG RE R SE B JE AL BEAN B A7 4, Liu
SRR T PRI A B e AR A R 5 T,
B B2 e AR Rl P AR ol o 1 e AR R (1
R, 1R HBRHLR /AR WA T2 2 RS R R 2

DOTI: 10.7498/aps.64.137201

AR E OV E R, VT TE N T 1T
N, AR R, T E R R RN 2
AR ) BRI, @R I B N BB R O
SRR IR 2 AR A sl B, A1 e Bk
WEJZ MR T A — AN . SEER A BRI R 7T R
i8I E e R RN AR B R R R AT LA B ik
il 2 P R R D=7 R A k) D8

ARG B e A BN A A LR, E
Jig B 7R BAONE B e RE AN AE Tt 0 oK i B e AL FL i
ERIEPR AP W) SR SRITNER 7R A Il R
G5 K g ) 32 v T2 K 1 R S AR A T B
SIS AE L. (B, H B SC T kML /5 G R
JE WS v e R 2R RN R R IR S R e
PETT TH BRI FEIE AR R B =

AR SO Bl ) < Jm UR TR R G b i H e
IRBENE H e B Bl B VAR S BEAT T kAR E 1
Gy A 0O=281 i 0, A 1 e AR AURE R T
FeT ZOMWE A ) Landau-Lifshitz-Gilbert (LLG) J7

* E X AARRL A (S 11347132), WIF A E T —RIUH (LS. 14C0807) FN I 7g SC I 2 e i A BT H (L 5

14YB02) 5 BhUREE.
T BfE/E#E. E-mail: wangrixing1982@sina.com

© 2015 FEYIEFS Chinese Physical Society

http://wulizb.iphy.ac.cn

137201-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.137201
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 13 (2015) 137201

R AT IR E MR MO TT i, 3RAF T LU

AN A S B REVE RS M I FEAR
h, BB S KRR S X 2 JT k. R, 38
RESRARAF AL R T RE, 704 1 IR EERERES Y
ENIHATN.

2 BERERAE AR

AR TR B AR AR AR I8 1 o, N
R Rl Y = ND P O ey (AN 7R A R
5], BEFEANE 25 18] AR AR AR Ak, Tk A 8 J3E AR P
N, AT DAANS R8T AR Y, A kB = & 2
ALy SR g (10017237290 5 ey ST IR
JERR IR, 2 b3 B R, BRI 2 (0 5 kA i
Wra JilA. AN H WAER 7 18, FAl s Ay
F3 AN 0, AN ¢y, 24 HE S e SR M I N UL
I R /R RN, 7 AL 3 BT BT B e Al AL e
Wit B R AR RN A ) B e A R A
TR IR HEFE B B R OF H e e R 3 7157
e i A FL 9L -5 FE T R ) L AR RE SO e 7R
fii. BRHEIR TP REFERIZh S35 AT NPT U — MRS A
JHEEE 7R ZBONE T FE IO ) 2 - 25 AR ) LLG U 7
P [iTB

dm o P am x AT
dr om dr
J N
+—mx (mx7), (1)
Jsu

Kb, moyEH BEWAE R HBALRE, o Gilbert
HEWE JNEEEZPHREE, Ju =
2epoM2d/(hOsn). FHH e NIEAR B, uo N E
ST AR, h ONEW R &, sy N H BEE K
1, My N R AR REAG 9 B, d O BR G
EWEE. M ALENNEE, 25K
wnpEAEEE. HRELN: 7 = yMt, ¢ =
Q/2(1 —sin? 0 cos? ) +1/2 cos? 6 — h, sin 6 cos ¢ —
hysinfsing — h,cosd. A, 0 F ¢ 73 5l K8k
Wi R WG M N TT AL M, Q = Hy /M, Horp
Hy N& M3, h = H/M, = (hg,hy, h.) =
(hsin 0, cos ¢y, hsin O, sin ¢, hcosb,), FHH H A
M7 N TR e B B 43 00 1/ (v M) AT o M 2.
Tk e B AL 45 25 1) e PR e IR 37 RE AN 2E 2 .

W T7 18 (1) FEBRAA AR R b R IT, T LA 2P
& B 7 i

., do
1T —l—ozstE

= — %sin@sin&bf hy sin ¢ 4 hy, cos ¢

— JL cos fsin ¢,

SH
do . d¢
o + sin 95
in 260
- _ Sm2 (Qcos® ¢+ 1) — hy coscos ¢
— hycosfOsing + h.sinf — JSJHCOS¢. (2)

Bz
LR

—VJ

K1 SRR 7 B RN AR 5
Fig. 1. Schematic drawing of a bilayer and coordinate

system.
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Fig. 2. (color online) The phase diagram of magnetic
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Fig. 3. (color online) Dynamic evolutions of the FM-layer magnetization for points ‘a’, ‘b’, ‘¢’ and ‘d’

in Fig. 2. (a) and (b) IPP states; (c) magnetization reversal from = to —z; (d) magnetization reversal

from —z to x.
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Abstract

The influence of spin Hall effect on magnetization dynamics is one of the hottest topics in spintronics. In this
paper, the magnetization dynamics driven by the spin Hall effect-induced torque in a ferromagnet /heavy metal bilayer
structure has been investigated theoretically. By linearizing the Landau-Lifshitz-Gilbert equation which includes the
spin Hall effect torque term, and taking stability analysis, the phase diagrams in the plane defined by the current density
and external magnetic field have been obtained. Under the control of the current density and external magnetic field,
several magnetic states, such as in-plane stable state, in-plane precession and bistable states can be realized. With the
external magnetic field oriented within a certain range, the magnetization reversal and precession can be realized through
adjusting the current density. In addition, the dynamic evolutions of these magnetic states are demonstrated by solving

the temporal evolutive equations numerically.
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