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Fig. 1. (color online) Spin valve structure and vortex chirality and polarity switching driven by a current pulse:

(a) Sketch diagram of the spin valve; (b) Gaussian current pulse; (c), (d) time evolution of the average magnetization

components (mg, my, m; and m,,); (e) time evolution of the energy density.
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Fig. 2. (color online) Magnetic configurations of the free layer and the distribution of demagnetizing fields

on the middle cross section.

Wt A RO A AR S PR, BT AR K STT 2
JS2ABE PR AERFREAE (K)TAT &5 00 A, IR BESH 1 RDRE A
VS RITiaNiap v Er S R DSR2 ko g I M i s e i A
PR FEAN R, T STT RS K /) 5 i 5

FERR I LE, TR A 4 15 AR AR B e R 5 PAT &S, Wk
A i, SURRAREREA, W 1 (e). BN,
T B B Z BB AT SN A5 o AN
45° J5 1), ARy fil a5 A, i 5

247505-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 24 (2015) 247505

ﬁ%ﬁ%%+ﬂﬁﬁﬁ%&ﬁﬁﬁ%%.%%@ﬁ

SR, TR R B REE R AR, 2
ua%%a#nm%mgmmw@ﬁﬁﬁm%ﬁ
T 18—t 1] 2 vt 15 20 P 7 B 30 I B C A5 R
o3An, IF HAEARFR S — R IR X808 Bie— i .
RE e, TR (R 5 2 0 )R RS 22 e, A B 5 (]
A —ANH B Rk, FRAE B 2 g R
TZBE FIRWEIAAE 2 T7 1) by B A TR R AR AL
THOL. AR BN B e N, AR Y BB T A b
A1) R BIRES, TV RO 1) LR A . B A I A
IHERS, ZIRIZ R T (p = — 1) AME R E I 5 5
it (c = +1) BIBGIRTE R G R Tk, Wik 2 ey i
ZIF7R. L, 2 B R E R ¢ = 45°
IS, 38 A it T — AN TE e ke R, W] DA R4S B —
ANBRAE 1T 30 Al B R R e, S HLZ R i
AR R 1 5 B IR AR S T oK.

AR HLIAL ), v S LR T e — S e 1) ik
HL,
IR £ T 1 (c = —1) (RGRIE. Hid 25 1E R
T OUAR SR AL. 7E 7 Bk AR R, WIAG S G
AT B e N e [ IE B X, T S BE R
KB B R FEANTT R ZFEERRES. AEK S E
WRT9 x 1012 A/m? i, STT 25 WAL A5G HE A A 2
P 5 WA = W6 8 1) AH S ) J7 1) B (BT ¢ = 225°
J7im b)), BBERAL T RCFATIRA. XM AT Y
TR R A PR 25 — B 82 1 ok vl Wb 97 1D B A o R
J < 6x10"2 A/m? 2 5. H5E 2L, TR
IE R, AR A P R W e s . (H
B AR 5 T RaTa y B 00T AR S, ATTTE
FSCNG B B ) 40 A ot e B i (1) 7 > [ 6 A
A AR A e [ A P A2 4R RS2, At SR BN 4
B ith, AT TR BIGU £1 77 0] £ C A REFE 704, BEAR,
TE T 2 B 2 (R AT Y A OE 2 il 7 1) B RARIE ] IR
Wk, Zutsem, 163 558 — R IRAL B A = AR REAE
1) b B R R A

2 ERRATAT A A58 24 E BE R AL E TT 1)
iff B it T A7 AN A 5] 7 ] F EL IR T AT A
PRI 1 52 4 M S I RE TR E. TG A B Ak 2 R RE T
IF) 45 1] 55— SR BRINE 3R] DAAS B0 AS 8] F 3 v AR 4
HEHIMLIRTE. 0 — > 1E ) i B ik R, 7
STT RREAE FH I A SRS 0 NG 1 e 12 1) i e, 2L
& BT HEF T AN IR, A = B 5 2 A B AR A A
FOEB— /N DR 28 = R IR &g PR C 3,
W 3 (b) Fros. Wi e B it 72 A 58 SE T o il
ff i, 52 3 ) S I R R R R, R AR R

A RAE ARG — DR A (p = +1).

1) _E TR T MR 1 G R AR A 2 R0 i o L 1
ANTFI T3 AL, B T BAAS 200 1B 4 7 1) 4% A
TR TE AN T R e P A 2.

UIU L 2l
, “+ \\h_,ﬁ—

43 (MTIRE) RIS (a) RALE ¢ = 45°,
HRFER T (b) IAbE ¢ = 135° IERFIER T

Fig. 3. (color online) Control of magnetic vortex chirality
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gree (b).
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Abstract

For a nanodisk, magnetic vortex characterized by a curling magnetization is an energetically stable state. The
magnetization in the center of the magnetic vortex is directed upward or downward, namely, the vortex core polarity
p = 41 or p = —1 refers to up or down, respectively. The curling direction of magnetization, namely, the vortex chirality,
is either counter-clockwise or clockwise. Thus, different combinations of chirality and polarity in a vortex structure
demonstrate four stable magnetic states, which can be used to design a multibit memory cell. Such a multibit memory
application requires the independent controlling of both the vortex chirality and vortex polarity, which has received
considerable attention recently. Switching the vortex polarity has been achieved by using either a magnetic field or
a current. The vortex chirality can be controlled by introducing asymmetric geometry of nanodisks. In this article,
by using micromagnetic simulations, we present an effective method to simultaneously control the vortex chirality and
polarity in a spin valve structure, in which the fixed spin polarizer layer is magnetized in the film plane when the free
layer has a magnetic vortex configuration. The free layer is designed into a ladder shape with the right part being thicker
than the left part. Our simulations indicate that a combination of desirable vortex chirality and polarity can be easily
controlled by a Gaussian current pulse with proper strength and pulse duration through the spin-transfer torque effect.
The insight into physical mechanism of the controllable vortex is demonstrated by a series of snapshots. If the magnetic
moment of the free layer is saturated in the direction of 0 < 6 < T during the current pulse, where 6 is the angle between
the magnetization and +z axis, the vortex with the counter-clockwise chirality will be generated after the pulse. In
contrast, if the free layer magnetization is saturated along the direction ™ < 6 < 2m, after the pulse, the vortex will have
the clockwise chirality. The core polarity of the remanent vortex state is determined by the sign of the magnetic charges

which are formed in the step-side of nanodisk during the current pulse.

Keywords: micromagnetic simulation, magnetic vortex, spin valve, spin-transfer torque

PACS: 75.78.Cd, 75.70.Kw, 85.70.Ay, 85.75.-d DOI: 10.7498/aps.64.247505

* Project supported by the National Natural Science Foundation of China (Grant No. 11274241).

t Corresponding author. E-mail: yaowen@tongji.edu.cn

247505-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.247505

	1引 言
	2微磁学模型
	Fig 1

	3模拟结果与分析
	Fig 2
	Fig 3
	Fig 4
	Fig 5
	Fig 6


	4结 论
	References
	Abstract

