Chinese Physical Society

Mi!ﬁﬂ Acta Physica Sinica

€D Institute of Physics, CAS

H AR & [8) = REXT B hiede k55 22 TR 7 FF I RS2

AR HEAL HHEK NER

Effect of the intrinsic in-plane shape anisotropy on the oscillation characteristics of zero-field spin
torque oscillator

Guo Yuan-Yuan Hao Jian-Long Xue Hai-Bin Liu Zhe-Jie

5| H15 |2 Citation: Acta Physica Sinica, 64, 198502 (2015) DOI: 10.7498/aps.64.198502
7E 2% %) View online:  http://dx.doi.org/10.7498/aps.64.198502
23y 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/119

ERTRERC B B S &
Articles you may be interested in

S 3 A AP G e R i 5 L U
Spin-torque critical current tuned by stress
PP 2242014, 63(13): 138501 http://dx.doi.org/10.7498/aps.63.138501

BRI A (LS A )R T e o 45 v Y BRI 1) 5 9 kS R R R AR AR A 56 R

Relations between traversal time in ferromagnetic/semiconductor(insulator)/ferromagnetic heterojunction
and the relative magnetic moment angle in two ferromagnetic layers

PP A 4%.2013, 62(20): 208502  http://dx.doi.org/10.7498/aps.62.208502

AL R E B AL TBOE BT 7E

Enlargement of current spin polarization in organic spintronic device
YE=4.2012, 61(8): 088503  http://dx.doi.org/10.7498/aps.61.088503


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.198502
http://dx.doi.org/10.7498/aps.64.198502
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I19
http://wulixb.iphy.ac.cn/CN/abstract/abstract59917.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract59917.shtml
http://dx.doi.org/10.7498/aps.63.138501
http://wulixb.iphy.ac.cn/CN/abstract/abstract56229.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract56229.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract56229.shtml
http://dx.doi.org/10.7498/aps.62.208502
http://wulixb.iphy.ac.cn/CN/abstract/abstract47985.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract47985.shtml
http://dx.doi.org/10.7498/aps.61.088503

3 % R  Acta Phys. Sin. Vol. 64, No. 19 (2015) 198502

A AR E E S e B L e IR G T 17K
2l
BARD) BRI

1) (R JEHE TOR 2 B R A% 58 e 2 ) 308 S0 e =2, KJR 030024)
2) (KB T KR53 56 s TR, KJE 030024)
3) CHrmyg B RS S TR LRE R, Findk  117583)

FEEYY e

(20154 4 A 13 HUZF; 2015 4 6 A 2 HIEMEHR )

| Landau-Lifshitz-Gilbert-Slonczewski F#2, fEFLE EWF 5 T B TE BT 1 B B Z A EE 1T
TR IR Ak 2 4 R B e R AR IR A IR G e e, S 45 SRR BT N TR 5 ) e kg, T DAAE B e i o0
PR eR L R B T4 B AR . SLRrvETT DLA a8 & P 7 FE AR RS, BITE N TRIR %S ) S R TT LL S B R

girh A TR R AR e 5 B IR IV FE A RE B TR 1. R, Tl A TR A e R RERCOR, e
FEHE IR o R W] 4 L YAV RO, OF HLP AR 5 5 B O, (B L B AR LR L A2

KEIA: HRFIEIRG &%, TR S R, T9RG

PACS: 85.75.-d, 75.78.n

15 =

1996 4E Slonczewski [l #l Berger 2] )\ 2 & -
TE T e 5 308 (spin-transfer torque, STT)
HIFAAE. BT B3R 7 —Fh e T d i s wa e
B REAGIRAS G 8071, BRI 5N 2 96
T B8 R, BT STT RS A S B+
AT B K 2840 B T B 2= R 18 i 5
AR A, JLrb, Bl i 7 2 FL— > B N
FA AT, 2, 75 T 1 SR 1 bR T 4 2 R I A6
i IKE) H R RER RS e B K STT RS, 456 Wk
P 22 J2 IS 1) TG B 00 % 5 s T T B R, T DA AR
GHz S s FUE, Xl B B IR BN (R 4 oK RS
(IR IR R 7 o 1 B A 1 e e A AR v s 0190, 4%
Gk e M EE, B IR HIRG & B RSN G4k
FSC A B A 1 1) 90 L 5 SN A DRI, E AR R A
Wk #, JLkim s M Rl g (10:16) 25 Ayidsk

DOI: 10.7498/aps.64.198502

AEERKIN TS

R B = R AL JZ A TR A I LR 17
7], B R RR G & A A 2 R0, TR, s
e BT 2 DT RSP AT T R ) B Ak
JE LR AR R AR 3 i 1) T R A K A R st
By, AR T4 8 e R R A5 it e Do—210,
PR S AR 2R FE . AERR, IRE
Jie ¥ FEIIR 7 A 7 N ANINEE S WK BN A RE T A
Wefs 5 B2 BRI, B TR I e R 2 BB
DRI IS, T P9 TR 25 R S T DAASE [ e e A A
G BAE AN T T A R AR 91/
F, T AN RIS BT AR A5 16 St Ak RE X e e 4 A
Bt IR E, 5 Tl R 0 BB LA, R 00K
P B IR B R ARV S AN S A,
LStiia 20l

ASORE B VR BT T AR A 17 57 1k RE XS
H B R 3 L BT 1) B R R AR AT T I I
WA TR BRI B e IRV SR G R R R 2. £

w [ER ERBIAIE S (HHES: 11204203, 61274089) AL P44 [H brAME I H (ke S 201481029-2) ¥ Bt i,

1 B E1E# . E-mail: xuehaibin@tyut.edu.cn
1 #{E/E#. BE-mail: pandanlzj@hotmail.com

© 2015 FEYIEF S Chinese Physical Society

http://wulizb.iphy.ac.cn

198502-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.198502
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 19 (2015) 198502

{EL 45 R W T A IR A% 18 S xR AR 3 A
MR G R R, Rl g, BRIk &%
10 2 7 % ¥ HEL IR Y0 R AR AL PR 9 3 R AR 1
T A PR 25 7 A

2 HEipEA

R e FE AR T A o R T T Y
H B E G EAT T IR R A = H ks, K==
B SEA an  1 s, Herh, A b AR T T A R
Iy N E R AL R, AR 8 S T A
p R, A AR AVEARIRE T, v T B iR, 1
W -y ~F THT AT JB TR, 2 b 2 BB I, R B8 Wl 4h
W2, B R 2 BTy ), B R R
HIEDT 1. BB, BE IR E i B f R
NIE. H W B RS )7 18 AT PLUE I Lan-
dau-Lifshitz-Gilbert-Slonczewski(LLGS) ' 75 #2
iR :

dm o Hoo+ o dm
— = —vm off + am X ——
dt i it at

+yP(I)m x (m x p), (1)

Hor, st HemE L, H o 9 H H1Z 22 A R,
EAIEM L H ry-anis, IBH H gemag,
T AR % 170 57 M3 H hacanis, SN Hoppl,
NITEREF, #— B Hyoanis = Hiimee,,
Hiomag = —Hamee,, Hgoanis = Hpmges,
H,,, = Hae.; a2 Gilbert L2 &% P(I) NH
IREHZH, /NG B H RN AL R 2 7] i
Je F A 5%, AT AR A A ik 24200
hnl
- 2eMSd[1 + X(m - p)]’ @
Horr, n A — AR B e R, TR, e N
ML, Mo E HEERBAEREE, n o B ekt
R, SHHBEMEE, VA RERE. TENS
BNHA T B i E A SRR 2 T8 )R f 0 H
JREFERIREM. £EH R/RMAAR R, TR (1) TR
RN ZAN T

P(I)

dmyg

r—g==- [myHa + mym{Hy 1 — Hq)|
— a[—mym? Hy, — mym?Hy,
+ Homgm, +mem?(Hy, — Hy)]
+ p(I)(—m2 —m2), (3a)
d
F gzy - - [mxmsz - mmHa

—mgm;(Hg1 — Ha)l

— afmym, H, +mym?2(Hy, — Hy)
+m2my, Hg] + P(I)mym,
—aP(I)m,, (3b)

dm,

Ir
dt

= mgmyHj — am?m,Hy — (1 —m?)H,

—m.(1—m2)(Hy1 — Ha)]
+ P(I)mym, + aP(I)m,, (3c)
Hep, = (1+a?)/y.

B i
A
et

1 (TR )t T BT IR B B2 AR P17
T AR S ZH R [ TR RELIR 7 4 ) s i R

Fig. 1. (color online) Schematic view of spin torque
oscillator with a perpendicular magnetized free layer

and an in-plane magnetized polarizer layer.
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Fig. 2. (color online) The time evolution of the three components of m in the free layer for various samples
sizes, where the current magnitude I = 2 mA, applied field Ha = 0 Oe. (a)—(c) 98 x 98 nm?, (d)—(f)

120 x 80 nm?, (g)—(i) 160 x 60
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Fig. 3. (color online) Trajectories of the steady state
precession of the magnetization in the free layer for
various samples sizes, where the current magnitude
I = 2 mA, applied field Hy, = 0 Oe. S = 120 x 80

nm?2, 160 x 60 nm?, 192 x 50 nm?.
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Fig. 4. (color online) Current — field phase diagrams of the STO as a function of the injected current and applied
magnetic field for various samples sizes. (a) 100 x 96 nm?, (b) 120 x 80 nm?, (c) 160 x 60 nm?2, (d) 192 x 50 nm?.
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Abstract

The spin-torque oscillator, which can generate an AC voltage oscillation with the same frequency, have attracted
considerable attention due to its potential applications in the frequency-tunable transmitters and receivers for wireless
communication and the recording heads of high-density hard disk drives. However, from the energy-balance equation’s
point of view, in the absence of in-plane shape anisotropy of spin torque oscillator, the energy supplied by the spin
torque is always larger than the energy dissipation due to the Gilbert damping, thus, a finite magnetic field applied
perpendicular to the plane is required for a steady-state precession. This feature has limited its potential applications.
In this paper, the influence of the intrinsic in-plane shape anisotropy on the magnetization dynamics of spin torque
oscillator consisting of an in-plane polarizer and an out-of-plane free layer is studied numerically in terms of the Landau-
Lifshitz-Gilbert-Slonczewski equation. It is demonstrated that the additional in-plane shape anisotropy plays a significant
role in the energy balance between the energy accumulation due to the spin torque and the energy dissipation due to
Gilbert damping, which can stabilize a steady-state precession. Therefore, a stable self-oscillation in the absence of the
applied magnetic field can be excited by introducing additional in-plane shape anisotropy. In particular, a relatively
large current region with zero-field self-oscillation, in which the corresponding microwave frequency is increased while
the threshold current still maintains an almost constant value, can be obtained by introducing a relatively large intrinsic
in-plane shape anisotropy. Our results suggest that a tunable spin transfer oscillator without an applied magnetic field
can be realized by adjusting the intrinsic in-plane shape anisotropy, and it may be a promising configuration in the future

wireless communications.
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PACS: 85.75.-d, 75.78.n DOI: 10.7498/aps.64.198502

* Project supported by the National Natural Science Foundation of China (Grant Nos. 11204203, 61274089) and the Inter-
national Technology Collaboration Program of Shanxi Province, China (Grant No. 201481029-2).

1 Corresponding author. E-mail: xuehaibin@tyut.edu.cn
1 Corresponding author. E-mail: pandanlzj@hotmail.com

198502-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.198502

	1引 言
	2理论模型
	Fig 1

	3结果与讨论
	Fig 2
	Fig 3
	Fig 4
	Fig 5
	Fig 6


	4结 论
	References
	Abstract

