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motivations Moore‘s law

Moore's Law: Number of transistors on a chip doubles each 18 months
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Quelle: Intel
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motivations Moore‘s law

Moore’s Law for Storage Devices

-Capacity increase

» Hard disks: 100% per annum during the last three
years (Doubling every 18 months since 1994)

- Tapes: Doubling every 18 months
 Transfer rate: slower growth. Does not follow Moore’s law
disks: single disks, from 2 to 8 MB/s (1990-2000)
tapes: from 3 MB/s to 12 MB/s (1990-2000)
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motivations Moore‘s law

So how do we speed up?
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nanomagnets

Feos6Pto.44 NAnoparticles
on a Si substrate .

Antoniak et al. Margeat et al.
Mod. Phys. Lett. B, 21,1111 (2007) Phys. Rev. B, 75, 134410 (2007)

single domain  7prec = 5 ps max. anisotropy field~7 T magnetic moment~22000p4
nanomagnet

(FesoPtso)
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in-plane magnetized Fe/W(110) nanoislands.

S. Krause et al., PRL 103, 127202 (2009).



e and precession

H
A

HxS
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/4 dt /4 :
. ds .
T=SxH = E:—y(SxH)
(Landau & Lifshitz, 1935)
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spin dynamics Jue and precession

. free precession  damping
dS - .=
E 4 SxH + a SxS

(Landau-Lifshitz-Gilbert equation)
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finite T Landau-Lifshitz-Gilbert

effective field:

energy functional HXS

H=Hy+Hp :
Ha = —Dfa(S) magnetic anisotropy =
Hprp = —S - bg(t) Zeeman energy (b, =external field)

effective field + thermal noise

H (1) = —61/58 +{(7)

(Cn(T1)) = 0. (Cy(T)Co(7")) = 8,90(7" — 7')e, € = alieT

Sukhov, Berakdar J. Phys.:Cond.Mat. 20,125226 (2008); Phys. Rev. B 78, 054417 (2008
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field-free solution macro-spin dynamics

external field=0, T=0, uniaxial anisotropy | &

= time evolution is analytical

; Y
_ T
| -, t—to 3
d)f(t) = (bf(t[]) - 1 _|_ Q’Q + X by(V)
— _ _ 2a(t—=1p)
| cos 0 ¢(to)(1 + \/1 + tan® 0 ¢(tg) - e ial )
a 1+ cosf(ty) ’

tanf,(t) = tanf,(ty) - e a7 ((=10),
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pulsed fields stroboscopic evolution

m!

o

&= pulse duration, b,/ = pulse strength

pulse duration< TPrec =» stroboscopic evolution:

control fields are those that lead to
OtT) > 0(t7) Vit t .| tT =ty —ap tT =1y + &

Sukhov, Berakdar, Phys. Rev. Lett. 102, 057204 (2009)
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nanomagnet

diameter 2.3 nm

ps = 2000
S anisotropy constant
P . D=8-10°]/m?
= 6/ anisotropy field
> | Ba =2D/ps = 0.6T
< |
v i
I -
~ Y
¢
B(1)

X
exp.: Antoniak et. al., EPL 70, 250 (2005)

Spin and charge dynamics Moscow, 26.10.2012



switching & freezing roboscopic evolution

— b =2.95
— b =591
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Antoniak et al. Phys. Rev. Lett. 97, 117201 (2006) (exp.) i o= 0.05.
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ultrafast control local control fields
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Antoniak et al. Phys. Rev. Lett. 97, 117201 (2006) (exp.) bo = 0.3, a = 0.05.
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field-assisted thermal switching magnetic sensors
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Fe70 Pt30

experiments by ¢
Antoniak et al. Europhys. Lett. 70, 250 (2005) )

X byfv)

J. Phys.:Cond.Mat. 20,125226 (2008); Phys. Rev. B 78, 054417 (2008)
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= current-induced dynamics

dL =
I— T H ((\Q\(\o')
e
dt 43 HxS
S
. ds " :
dt
d§ free precession  damping  spin current torque
— ——ySxH + a SxS + ySx(SxJ
dt
PRB 78, 054417 (08), JMMM 322 1373 (10). J=(hP)[(2e o V)
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summary

fast pulsed fields (or currents) are needed

- analytical solution for stroboscopic evolution at T=0
- local control scheme for spin switching and freezing

- field-assisted fast thermal switching
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Domain wall dynamics

Ruster et al., Phys. Rev. Lett. 91, 216602 (2003).

magnetoresistance of up to 2000%.

’ o I RS e 7
Gag 976MNp 024AS

leads switch magnetization
at ~15—-20 mT
island switch ~ 60—90 mT

Racetrack memory
Copvright@IBM-Corp.
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Domain wall dynamics

Magnetic structure Co wire

Czerner et al., PRB 77, 104411 (2008)
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_ i
H = f d:ﬂ;(:)[— j;ﬁaﬁ— Jﬂ'ﬂ.ﬂ - M(:)]ﬂﬁ(Z)

5%(::)=J dz' G (2,2 U ()W),

=X

AE, = f dzoy. (2)Us(2) 6, ().

Sedlmayr, Berakdar Eur. Phys. Lett. 88, 57003 (2008
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current induced domain wall

AE(z0,60) 0
meV

I
N
-
=

Sedimayr et al., PRB 79, 174422 (2009), ibid 86,024409(2012)
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current induced domain wall In
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Sedimayr etal., Phys. Rev. B 79,174422(2009)
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Dynamics of multiferroic structure

Fe

BaTiO; @ Ti

P
t @® Fe

Fe

FARkaRG

Duan et al., Phys. Rev. Lett. 97, 047201 (2006)

Sahoo et al., Phys. Rev. B 76, 092108 (2007).
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Dynamics of multiferroic stru

BaTiO,/Fe(001) Meyerheim et al., Phys. Rev. Lett. 106,087203 (2011)
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Average over
o Total chain

[ Half of the chain
A Quarter of the chain
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Sukhov, Horley, Jia, und Berakdar J. Phys.: Condens. Matter 22, 352201 (2010); Europhys. Lett. 99, pp 17004 (2012)
Phys. Rev. B 85, pp 054401 (2012)
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summary

domain walls in nanowires

current-induced DWs dynamics at low-dimensions
Is affected by DW interaction which offers opportunities

as additional control parameter

multiferroics

switching by electric fields viamagneto-electric coupling

IS morerealisticin layered structures
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