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Magnetization Dynamics + Diffusive Spin Transport
Ex1. Current-induced excitation of single FM

In multilayered structure, the 2" ferromagnet (= polarizer) is not
essential for current-induced magnetic excitation when the

magnetization is laterally inhomogeneous

=>» Lateral spin diffusion

=> Theory: Polianski and Brouwer, PRL 92, 026602 (2004)
= Experiment: Ozyilmaz et al. PRL 93, 176604 (2004)

Not applicable to describe the magnetic excitation
in a single ferromagnet

Magnetization Dynamics + Diffusive Spin Transport
Ex1. Current-induced excitation of single FM
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Magnetization Dynamics + Diffusive Spin Transport
Ex1. Current-induced excitation of single FM

Magnetic cell size = 60 x 30 x t,, nm3
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a(q) : Renormalized damping

S,(q) : STT magnitude




Ex1. Current-induced excitation of single FM
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Magnetization Dynamics + Diffusive Spin Transport
Ex2. Charge and spin currents caused by spin motive force

I >lc + Spatiotemporal change of magnetization

2 Spin Motive Force (SMF) [1] ElY =/ (omxam)-m

Theories 2e

* Volovik, J. Phys. C. '87 / Barnes & Maekawa, PRL '07 / Saslow, PRB '07

*» Ohe et al, PRL 07 / Tserkovnyak et al. PRB '07-"10 / Duine, PRB '08 /

p (x1) at z=0nm Zhang PRL ‘09
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b= 2 damping (similar to spin pumping to normal metal in contact:
‘% 06 L Tserkovnyak et al. PRL ‘02)
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Magnetization Dynamics + Diffusive Spin Transport
Ex2. Charge and spin currents caused by spin motive force

Jm
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n = electron density

D = diffusion const.

T4 = spin relaxation time

E, = electric field due to SMF
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Magnetization Dynamics + Diffusive Spin Transport
Ex2. Charge and spin currents caused by spin motive force

[Model system]
» 1D domain wall (DW) oscillator =» fixed position (dXp/dt = 0), but rotating
(dg/dt # 0) & DW width = 10 nm, ® = 10 GHz, A4 = 0.5, 5, 50 nm

[Charge current, j ] [Spin current, j]
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« When spin diffusion is turned on, j, almost vanishes and j; significantly reduces.
* The reduction in j; depends on the spin diffusion length.




Magnetization Dynamics + Ballistic Spin Transport
Ex3. Nonlocal STT in a very narrow domain wall

Wide DW
= m—p /

Narrow DW

* The B-term must be non-zero and « exp(1/Apy) Where Apy, is
the DW width

[Xiao et al. PRB 73, 054428 (2006)]

[Tatara, ..., KL, JPSJ 76, 054707 (2007)].

* Narrow wall = good for the high density storage

Magnetization Dynamics + Ballistic Spin Transport
Ex3. Nonlocal STT in a very narrow domain wall

We self-consistently solve the LLG and the semi-classical spin
transport equation.
Model system = Perpendicular materials
Ku = 3.3x10° erg/lcm3, Ms = 650 emu/cm?, A = 2.0x10- erg/cm, a. =
0.1,W =100 nm &t =10 nm, By reiax=0
Variable: A = Ay, ké Ik, Ep=n’k¢/2m & E, =n’k;/m
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Magnetization Dynamics + Ballistic Spin Transport Numerical approach for spin caloritronics?
Ex3. Nonlocal STT in a very narrow domain wall
U, = spin current velocity
- ’ e Coupled dynamics of MAGNETIZATION + SPIN = Well
1000 :(;%Wksséko) / LSZSQZ) established
—£-0.2750 2.0 —4-0.2750
100 [ 018 > v | [T o0 ¢ MAGNETIZATION + SPIN + HEAT (Temperature)
—_ Bla=1 ~ 15 . . )
g >§ O S e e (Static) Spin-dependent thermoelectrics (van Wees
= 19 U 1.0 ,
G | ] N group’s talk)
Ao = 5.50m R e Magnon-driven Spin-Seebeck (Ohe et al. PRB ‘11)
0.1 e " " " 0.0+ . . . . r ' - i
DSTARR TR PR e e e e Thermal STT + M dynamics (self-consistent)
J_(A/m?) J, (AIm?) e Phonon-driven Spin-Seebeck
Vow < (Jg)' . ,
Ve Ju. = constant e Animportant issue
pw/to ~
. e How to properly consider temperature and its gradient?
1 Bnonlocal acts like Bspin_relax‘ 12




Coarse graining in Micromagnetics

= Spin waves with a shorter wavelength than block size is

neglected gonnnnnnnyeennnnn ;

SNZIER NI

= Renormalization of Exchange Constant A [Grinstein and Koch,

PRL '03]

() = T./[1 + ¢<(T./T(0) — 1)] Renormalization of exchange

constant A
Tc: CurLe_tzmzperature |:> Ab) = (T/bT.) %
| = In(D/a) [1+b(T./T —1)]A

where D is the unit cell size A(b=0) = 1.3x10° erg/cm

Coarse graining in Micromagnetics

Curie temperature correction! Renormalization of M and H
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Renormalization of Other Parameters?
= As afirst step, renormalization of anisotropy and spin torque is in
progress (collaboration with Prof. H. Kohno).

13 and ais the lattice parameter > For 3 nm unit cell, A(l) ~ 0.9x10 erg/cm 14
. Numerical results on SW-induced DW motion
Do you want to move domain wall (DW))?
1D Neel DW
ft;)\ 300 B .'1' I T I T I T _
= Magnetic field / Current / Heat flow t 200 Negative DW velocity ]
= Spin waves (SW): Han et al. APL 94, 112502 (2009): First modeling study ‘9'; 100 L \ /' ]
o o i OO0
Vo Mg =HsnRrA0P g, Z0r DT o dnsane - =
R — S T T T T T T
&'M ~ 03} —
o i . ]
4000 om O 02 SW amplitude change when -
o .
(b) _r SRR S S 51 I passing through DW ]
D) [ =08 kO . o [ 7]
5" I H,=03K00) | % 3 jamali, Yang, KJL, APL 96, > o< . o
E 4 - _‘_VW E U'U -W.I.WM-\.A..-M-.I.F-.--»----.--»----—f--.-.--i-_-.,-_-_»-_-_-_-_--
= =TV 242501 (2010): SW can assist !
Eal > Cinduced DW moti 0 10 20 30 40
-E‘ ol '3'5 11 _5 current-inauce motion SW frequency (GHZ)
% ol [ 1%- § 9 Seo, Lee, Kohno, KJL, APL 98,
é 0 j L achenn 0 E 012514 (2011): Vortex DW is * Vpw > 0 (DW moves along SW propagation direction) or vp,, < 0
0 40 faster than Transverse DW depending on SW frequency
15 SW freq”e“c" (%) (GHZ) 16 « Amplitude change + ?




* Understanding SW-induced DW motion * Understanding SW-induced DW motion
(Prof. H. Kohno, kohno@mp.es.osaka-u.ac.jp) (Prof. H. Kohno)

» We introduced SW spin current and SW momentum current * SW spin current (J,)
* SW spin current (J) ¥ ‘ KS " ‘

IM o aM iX+AJS = WSIH2®O+Q@01 AJS = :EZ(.]S/m |u$uy‘q‘

—" = yHgx M+ M x —

T A TR

' | T =AM \7MJ = J, = negative DW velocity / proportional to wavevector g, exchange A,
M+divJ;=T. — s =70 x N ' and SW amplitude u.
T = yH xM+—MxM . .
M, SW momentum current (J,) a5y — Aj = 7(@%
* SW momentum current (J,,) @
Njm = o {(J°) = K (K + KL {0 oo = 0]rmoc )
. . ; 1 2 4Ka? J
Lagrangian Density £ = —(M/y)o{cosf+1)— 5;4 (VM )" -V(M)
. Iy « J, 2 DW velocity changes its sign depending on SW frequency /
Energy-Momentum Tensor T = (0uq) 0L/ 0(00q) — S £ . ! I y_ ges s 5i9 pending duencey
proportional to Amplitude change.
Momentum Density T; = ~A(OM-0;M) 6L - Analysis based on these two SW currents are in progress.
1 . .
17 SW momentum current |J,, = §A [(0:M)* = (3,M)] - V. 18
#
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1. Some examples for self-consistent of spin transport and magnetization
dynamics

2. When including Heat, coarse graining should be done.

3. SW can move DW: DW velocity versus SW frequency would be

understood based on SW spin and momentum currents.
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