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INTRODUCTION

Magnetization reversal of vortices

4 ~ oL 4 Tl & i
L 3 . = & -
! : ¥
. » % -
\ +f-' ¥ . -
5 ' : j
- " . 2

A. Wachowiak et al., Science 298, 577 (2002)
A. Thiaville et al., Phys. Rev. B 67, 094410 (2003)
B. Van Waeyenberg et al., Nature 444, 461 (2007)

R. Hertel et al.,
Phys. Rev. Lett. 98, 117201 (2007)

K. Yamada et al., Nat. Mater. 6 (2007)

R . s RN & Fundamental: go beyond
Fig. 2. MFM image of an array of permalloy magnetization reversal of domains
dots 1 pm in diameter and 50 nm thick.
The central magnetic vortex %‘Applied’: store 2 hits
can be magnetized up or down using of information in one single dot
a perpendicular field

T. Shinjo et al., Science 289, 930 (2000)
T. Okuno et al., IMMM240, 1 (2002)
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Fe(110) DOTS — Growth

T <370K,© >6AL | T >400K.© >6AL T =700K,0 [2AL,6AL]

(for Mo) : (for Mo) " t=6AL (for Mo)

Overview of Fe(110)
growth by PLD
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Fe(110) DOTS — Growth

Atomically flat facets

Fe/Mo(110) @ 450C

P.-0. Jubert et al., IMMM 226, 1842 (2001)
P.-0O. Jubert et al., PRB64, 115419 (2002)

RHEED beam
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Model system

U High confidence in experiments
and simulations
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Fe(110) DOTS — Basic magnetism I

Remanent states after saturation along [001]

———

s Micr.:

1.0 e O L Q 1 - TOFCE. MG AP :
- // [001] * * Collabo. Y. Samson (CEA-Grenoble)
§ 4 /[1-10] f .
2 | x//[110] :
. N = - Al -
5 AL ol
@ 4 -
5 -
. O L i
CU x Mz, Z=7
= | X 300K LANDAU
-1.0 - B-n-A-

Finite-differences method (JC Toussaint)

15-1.0-05 00 05 1.0 15

P.-0O. Jubert et al., Phys. Rev. B64, 115419 (2002)

Applied field I"lOH (T) P.-O. Jubert et al., Europhys. Lett. 63, 135 (2003)
Need other imaging techniques
Q{> Higher resolution
Q{> Direct imaging of magnetization
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Fe(110) DOTS — XMCD-PEEM/LEEM =

XMCD-PEEM: X-ray Magnetic Circular Dichroism
PhotoElectron Emission Microscope

Based on LEEM instrument: Low-Energy Electron Microscope
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Fe(110) DOTS — Imaging Néel caps _In

Thin versus thick dots:
From 2D nanostructures towards bulk materials

Experiment: topography (LEEM)

Height = 180nm | ‘ —>
Length = 1650 nm
a > 1+ ©®
Experiment: surface magnetization Ly
(XMCD-PEEM)
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R. Hertel, MPI-Halle, now at IFF-Jiilich
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8. I .‘._F\ .| g . _
: M‘ég'netizal;i.p_m §e_hs‘ititi_vity R. Hertel et al., PRB60, 7366 (1999)

. * @Ib‘;n N e S, | P.-O. Jubert et al., Europhys. Lett. 63,

135 (2003)
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Fe(110) DOTS — Flux-closure in 3D

Perp. component
(mid-height view)

Assymetric Néel wall
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Q{> Flux-closure in 3D
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Diapositive 10

OF28 Dresden JEMS04/Exposé/Néel caps.cdr
Olivier Fruchart; 03/06/2005
OF29 Visu tiltée de I'expérience: plaquette labo 2005-02

Olivier Fruchart; 24/01/2007



Fe(110) DOTS — lllustration of the three degrees of freedom

Field of view : 2.5 um

3 degrees of freedom

® Perpendicular magnetization of Bloch wall core
® Circulation of main domains (clock- versus anticlock-wise)
® Direction of Néel cap (Bloch wall asymmetry)

R. Hertel, O. Fruchart, S. Cherifi et al., PRB 72, 214409 (2005)
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MAGNETIZATION REVERSAL OF NEEL CAPS — Simulations (1/3

Lero field In-plane transverse field

B=+95mT B=+100mT

Size : 1000 x 500 x 100 nm

Micromagnetic simulations: J-C. Toussaint
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MAGNETIZATION REVERSAL OF NEEL CAPS — Simulations (2/3

Rising field

U Hysteresis of Néel caps (sub-feature of domain wall)
" Back to initial configuration > Can’t we change remanent state?
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MAGNETIZATION REVERSAL OF NEEL CAPS — Ideas. ..

/ Remanent state X I

Remanent state Remanent state

" Direction of applied field drives remanent state
at the top surface?

/ _____________________________________________________________________________________________________________________________________________________________________________________________________________________|
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MAGNETIZATION REVERSAL OF NEEL CAPS — Simulations (3/3

Rising field

Hapo=100mT

sui\
500 S8

1000

1000

s Remanent state can be switched.
s Remanence of Néel cap is opposite to applied field
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MAGNETIZATION REVERSAL OF NEEL CAPS — Experiments

Field of view: 5um

Topography
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MAGNETIZATION REVERSAL OF NEEL CAPS — An

Hubert's book:

The caleulation of domain wall structure is by far the most important
contribution of micromagnetics in the analysis of magnetic
domains. This is true for two reasons.

(1) It is in most cases diffieult to Lsolate a single wall from its
netghbours to measure its properties

(2) Experimentally, domain walls are difficult to access because they
change thelr properties at surfaces where they can primarily be
pbserved

A. Hubert and R. Schafer, Magnetic domains, Springer (1999, 2001)
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VORTEX vs WALL — Identical topolog

" How does the transition occur?
U 15 there a minimal length for domain walls?
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VORTEX vs WALL — 1Is there is minimal length for domain walls?

572x500x50 nm Size = 575x500x50 nm

250 00 350 250 300 350

s 15 there a minimal length for domain walls?
U How does the transition occur?
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VORTEX vs WALL — Second order transition

Length of domain wall

Length of domain wall

Thickness: 50nm

Van den Berg
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VORTEX vs WALL — Lorentz microscop

Diamond state

f\
B/ S
.

In some cases the flux-closure pattern
af remanence can be controlled via a
sequence of applied field

Technical note: TIE imaging mode

4
EE _ Olivier Fruchart - MPI-Halle - August 7th, 2007 - p.23
Institut Neel , - Grenoble , France http:// - - lab- - neel.grenoble.cnrs.fr /. themes /couches/ ext / slides /

institut



VORTEX vs WALL — Experimental ersatz for varying length

Tite | Applied field

On this page: tilt = 8°

.

External applied field as a mean to
control a domain wall length

Technical note: TIE imaging mode
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VORTEX vs WALL — Experimental evidence

Corresponding

Vortex versus
wall fluctuation

(Full dot)

fluctuation on the
opposite side

(Zoom)
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