58 1 2009 1 Vol.58 No.1 January 2009
1000-3290/2009/58 01 /0488-06 ACTA PHYSICA SINICA (©2009 Chin. Phys. Soc.

100084
2008 4 16 2008 7 2

PACC 7225 7360

I.
Slonczewski ' Berger > 1996
— current 1
induced magnetic switching CIMS
3—9 . Z
x
101 12 .
mx
m, m,
CIMS
2 2
6 mg, = m,
+m> +m’ m,
CIMS
m n
\
m = m; n
B m, L
* 60606021 20060003067 973

2006CB921106 .
T E-mail zhanglei97 @ mails. tsinghua. edu. cn



489

¥4 0 Xy
¢ ¢
m, = mw = zimn - 0
TR GERE S R)
B R (kB & R) Tk (N3)
R CERPES ) — a4 (F2)
Bl 2 (R4 R) R (F1)
JREAR AERESR)
1
14—16
\Y Vi
Ny =j ]‘dV_ Jol = Ju
y € t- e
== iAP 1
e
! V .].sl ] T
1
AP
STT
I =—2iAP71z>< M x z
e
h
F//=—TAPYIZ M- z 2
e
h Y M
M z G, cosl, =
Landau-Lifshitz-Gilbert
Gilbert
m
13
dm d
V dt = d[ Z i ¢
dm;
:_Zi ymiXHcff_amiX dt
_ YhAPL,, X
2e
a  Gilbert m, m,
Heff:Ifapp+Hk+IJC H‘dpp z

H =xm, z z
K_Hko/ms HkO .HCZ
§/10M
Ho ¢ M
. 3
dm ah API
Vﬁ =~ Z;IVmi X (Hoﬁf + 2ema M)
+ Yam; x m; x Hg ] - }’thePIM. 4
de = 2eVm,
2
m,
+Ya H. + « +21 m, mg(;)
mh
ThAPIcost, 5
- 2eV
Tﬁgo m H = [-[app +
H _.cosl, .
AP
3.
1 : 17
Je Js
. dVv, «»
Je =2eDyp, 1 + By ((ix 6
. dV, «
J« =2eDopy B+ 7 3790
2
_ M Al _ Bk 7
Ly
A#_
x/l -/l
Ap_ _ Ae" s + Be 'fz 1+ 77‘8 g
oo 1 -7
o= pr +p, 12 D,
= D¢ +D¢ /2
n= pr—py L prtpy, B= Dy-D, [ Du
+D, .V, Ly A B

je = 2]0



490 58
P= B+n/1+pyp . F11F2 1. F11F2 F2IN3
2D, 1 - & . F11F2

Jo = 2joP - ———"— I B jete _ e g

8 9 P - Jo _ GP + G Py ~ 2G,6G, - 10
Ja=Jo DBpi =0p, A B. a Je G, + G, G + G, >
/ /
|
il A G, + G, Py + G, -G, P, - P, .
27 pajo G, +6G, G +6, &€+ 6 -6, G, -G,
|
G.=D,p,ll, 7 x=12n
Po= B+ 11 P ,#P,.
+ B, x=12 P,<P, . 14 F21N3
oe=p0 =7 1 148y, D
=D, 1-8 .L . 14
G =6,= F21N3
Gm
p. - P, + P, P2 .
2 P,
26G,Pe’ + G, -G, P -P,
- 2 G G 2L/[sf . 12
m + n € F1|F2
L>1,; Py = L>1, Py =
P, + P,
L G.P
2 ﬁ G,=G, Py=P,/2.G,
L<<l: m n
! =G, Py 0G,<G, Py p,.
P P1+P2 ZGmP2+ Gm_Gn PI_PZ G
2 = - P, -P P
2 2 Gm + Gn L<<lSf [)23 = 12 2 G +ZG .
Gm — Gn m n
P/2 Gm:Gn P23:P]/2' Gm,>>Gn P23:
1
P, -P P +P
Py 5 6,<6, Puy=—o—.
0.
12 14
AP
P+ P
: AP =Py~ Py = 052
F2 1 N3 —Ll
P, G, + G,e "¢
- Gm + Gn
GZ Pl - PZ —I,/l\\ GnPZ - LI
P23 - G]+Gz f"I‘Gz_l_Gn. 13 + Xe f—l PI_PZ e_L/lS‘_. 15
Gl = Gz: Gm
X
P = P, - P, oM 4 G,P, 14
B = 2 G, + G, X= 6,-6,/1 G +6G, .



491

x <0
AP
=
4.
-
SLUTC
, A G, ~G,~G,.
be P,/ P, 107" s "
L/ly 1001 0.0l P,=0.2 107" s
lsf
AP X PP, L<l, AP=P,2
2 L/l 100
1 0.0l. P, 0.2. dm, _ YahP,Isin0ym,
di 4eVm,
P,/P, >0 P,/P, <0 i
X =0 + Ya H, + « +2% m, ms(l—:z;)
AP:E l—e " AP P, ~ YhP, IcosO, 16
2 4oV -
x>
0 AP
a 0.01%
El |
I d4eaVm, H,, + H.cosOy + K + 2mm, cos0, sin’ 0, 17
© P, ficost,
|
H 4. hP, 1
¢ - 74 ‘; costy, + asinfysinf . 18
.17 €
25
o
0. 54°  126° 3
P,
H =0
a
107 A/ent’ 100—10°A/em® ** 2 %
. 20
24 @=0.01 2rm, =4x10° A/m H,, =8x10° A/m 0
Hy=4x10"A/m H,=1.6x10' A/m ¢ =3 nm 0§, = 0

10° 0, =60° P, =0.1.
9

d m_cosl

dt

Yo H. + & + 21 m.cosl m_sin*0


Absent Image
File: 0


492 58
(9 26
0 H. <0
0
.H,
2wm,
H. =H,, + H.cosl,

"

=)

&

& 5.

{m

wi

m

o

K|

L

3 o CIMS
z
H, =8x10* A/m 0 -8 x10* A/
m L A H ~0 G,
= Gm Gn > Gm
G, <G,

3 Hz Gn = Gm
=8x10'A/m 0 -8x10" A/m . H. H ~0
=0 . H >0 H >0

H <0
CIMS

1 Slonczewski J C 1996 J. Magn. Magn. Mater. 159 L1

2 Berger L 1996 Phys. Rev. B 54 9353

3 Tsoi M Jansen A G M Bass ] Chiang W C Seck M Tsoi V. Wyder
P 1998 Phys. Rev. Lett. 80 4281

4 Katine J A Albert F'J Buhrman R A Myers E B Ralph D C 2000
Phys. Rev. Leit. 84 3149

5 Urazhdin S Birge N O Pratt W P Jr Bass J 2003 Phys. Rev. Lett.
91 146803

6 Fert A Crosa V George ] M Grollier J Jaffres H Hamzic A Vaures
A 2004 J. Magn. Magn. Mater. 272 1706

7 Kaka S Pufalla M R Ripparda W H William H Silva T J Russek S
E Katine J] A Carey M 2005 J. Magn. Magn. Mater. 286 375

8 Peng X L Xi H W Granstrom E Xue S 2005 Phys. Rev. B 72
052403

9 Covington M AlHajDarwish M Ding Y Rebei A Parker G ]
Gokemeijer N Seigler M A 2005 J. Magn. Magn. Mater. 287
325

10 Hosomi M Yamagishi H Yamamoto T Bessho K Higo Y Yamane
K Yamada H Shoji M Hachino H Fukumoto C Nagao H Kano H
2005 IEEE IEDM 459—462

11 Kawahara T Takemura R Miura K Hayakawa J lkeda S Lee Y
Sasaki R Goto Y Ito K Meguro T Matsukura F Takahashi H
Matsuoka H Ohno H 2007 ISSCC San Francisco USA 480

12 Ren M Zhang L. HuJ N Deng N Chen P Y 2007 Acta Phys. Sin.
56 2863 in Chinese

2007 56 2863
13  Ren M Hu]J Zhang L Dong H Deng N Chen P Chin. Phys. B in

press


Absent Image
File: 0


493

An improved ensemble model on

1
14 Zhang S Li Z 2004 Phys. Rev. Lett. 93 127204 22 Urazhdin S Birge N O Pratt W P Jr Bass J 2004 Appl. Phys.
15 Saradzhev F M Khanna F C Kim S P de Montigny M 2007 Phys . Lett . 84 1516
Rev. B 75 024406 23 Deac A lLee KJ Liu Y Redon O Li M Wang P Nozieres ] P
16 Stiles M D Zangwill A 2002 Phys. Rev. B 66 014407 Dieny B 2006 Phys. Rev. B 73 064414
17 HuJ N Ren M Zhang L. Deng N Dong H Chen P Y 2007 MRS 24 Kiselev S 1 Sankey J C Krivorotov I N Emley N C Schoelkopf R J
Spring Meeting San Francisco USA 2007.J2.3 Buhrman R A Ralph D C 2003 Nature 425 380
18  Schmidt G Ferrand D Molenkamp L. W Filip A T van Wees B J 25 RenM Hu J N Zhang L Deng N Dong H Chen P Y 2007 MRS
2000 Phys. Rev. B 62 4790 Spring Meeting San Francisco USA J2.4
19  Brown W F Jr 1963 Phys. Rev. 130 1677 26 ZhangL Ren M Hu J N Deng N Chen P Y 2008 Acta Phys. Sin.
20 Sun J Z2006 IBM J. RES. & DEV 50 81 57 2427 in Chinese
21 SunJZ 1999 J. Magn. Magn. Mater. 202 157 2008 57 2427

current induced

magnetic switching effect”

Zhang Leif

Hu Jiu-Ning Ren Min

Institute of Microelectronics Tsinghua Uninersity Beijing

Dong Hao

Deng Ning Chen Pei-Yi
100084 China

Received 16 April 2008  revised manuscript received 2 July 2008

Abstract

The current induced magnetic switching CIMS effect could occur without the magnetic field in nano-scale pseudo-spin

valves that have the potential perspective for application in nonvolatile magnetic random access memory. In this paper spin

transport process in the pseudo-spin valve nanopillars has been investigated with macroscopic double conducting channel diffusion

model. Dynamic equation of the magnetization of free layer is established with the consideration of the influence of transverse

component of the magnetization vector of free layer. And the boundary conditions of the spin current continuity and chemical-

potential-split equality are employed. The critical current in CIMS effect is calculated. The influences of the conductance

mismatch of ferromagnetic and nonmagnetic layers and longitudinal applied field on the critical current is interpreted.

Keywords pseudo spin valves conductance matching spin transfer torque current-induced magnetic switching
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