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1 Introduction

The development of advanced magnetic materials requires a predse understanding d the mag-
netic behavior. A prominent example are magnetic recording systems with an ared densty
exceeding 100Ghit/in2 where both recording medium and recording heals have to meet certa
charaderistics[1]. Novel recording concepts like discrete meadiarely on narrow distribution bthe
switching field o individua magnetic idand [2]. As the size of the magnetic comporents
approad the nanometer regime, detail ed predictionsof the magretic properties bemmes pasible
using micromagnetic simulations. The theory of micromagnetism combines Maxwell’s equations
for the magnetic field with an equation of motion describing the time evolution of the magndiza
tion. The locd arrangement of the magnetic moments follows from the complex interadion
between intrinsic magnetic properties such asthe manetocrystalli ne anisotropy and the physcd/
chemical microstructure of the material. The finite dement method is a highly flexible tod to
describe magnetization processes, since it is possible to incorporate the physical grain structure
and intergranular phases and to adjust the finite dement mesh acording to the loca magnetiza
tion [3]. The comparison d simulations and experiments can provide useful hints for artificial
structuring d the material, in order to tailor the magnetic properties according to their speafic
applicaions[4].

2 Numerical M ethods

Time dependent magnetization processes on the nanometer lenght scde can be simulated duwe to
the numericd solution d the Gilbert equation d motion. This equation describes the movement
of the magnetisation in the presence of an effedive field, resulting from an external field, the
demagnetising field, the exchange field and the anisotropy field. We use the preprocessing tool
MCS/PATRAN to crede te finite éement mesh. The integration of theguation d motionis per-
formed by a backward dfferentiation method Therefore the software package VODPK is used.
The aculation d the demagnetisation field requires the solution d the strayfield problem by a
boundry element method For the implementation we used subroutines of the program library
DIFFPACK. Simulations (espeaally large nodels) were carried opartly onthe following serv-
ers of the computational center of TU-Vienna (ZID): fe.zserv, cfd.zserv and fpr.zserv.
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3 Applications

3.1 Discrete media

Magnetic nanoelements may be the basic structural units of future magnetic storage media [5].
Discrete media stores ead bit in an individual magnett particle. With this technology the size of
the bits, their location, and their magnetic moment are predefined, leading tigln density and low
signal to naiseratio. The articlesare either magretized in daneor perpend cular to theplane[2].
Here we analyze the switching behavior of elongated Co-nanoparticles which are magnetized in
plane. In perticular we investigate the influence of edge roughress and pdycrystalli ne microstruc-
ture onthe switching field and onthe switching time. The elenments are 400 rm long, 80 rm wide
and 25 nm thick. We compare the magnetization reversal processin threedifferernt elements. Ele-
ment (A) consists of a perfect microstructure. The surface s flat, no grains aressumed within the
particle and the crystalline anisotropy is zero. Element (B) takes accourt of surface roughress
The notches are in average 8 nm. Element (C) consists of 500 @lumnar grains (diametr is 8 nm)
with random distribution d the magnetocrystalline anisotropy drections. Figure 1 gves the

)

Figure 1. Co-Nanoparticles used to investigate the influence of surface roughness and grain struc-
ture on the switching field and the switching time. (A) flat surface, (B) surface roughness, (C) sur-
face roughness and polycrystalline grains.

magnetization distribution of the trreedifferent elenments for zero goplied field. We cdculated the
demagnetisation curves. The external field is decreased in stepsof 4.2 kA/m, in order to calculate
the demagnetization curve quasistaticdly. For each field value the Gilbert equation is integrated
until equili brium is reached. Thegranular elenment (C) has the largest coercive field, Hc = 72 kA/
m. The aercive field deaeases by less than 10% for the perfed Co-element without crystalli ne
anisotropy. Surface roughressleads to a reduction d the coercive field of about 20%. We also
studied the switching. The field is applied instantaneoudy to the remanent state of the particles
(figure 1). The field strength is 100 kKA/m. Magnetization reversal occurs by the formation d a
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vortex which bregks away from the exd damans. This process is smilar in the elenents (A) and
(B). However, surface roughress causes high local demagnetizing fields which favor the forma-
tion d the vortex. In element (C) vortices is arealy present for zero applied field. In addition,
vortices nuclede at grain boundanes within the dement. Thusthetotal reversa timeisthe small-
est for element (C).

3.2 Magnetic nanowires
Magnetic nano-wires are of grea pradicd and

theoretica interest. Future magneto-electronic ransverse wal vertexvell
devices and magnetic sensors may be based on

the magneto-resistance of domain wallsmoving /
in nano-wires [6]. Here we investigate the \ /
domain wall velocity of Co manowires as a /N / -;; i

function of the wire diametr using an adptive
algorithm which adjusts the grid to the arrent /‘

wall position. The thickness of the wiresis var-

ied in the range from 10 rMm to 40 nm. The { ~./

length of the wires is 600 M. Initially, a

reversed damain is created in ore end. For a  Figure 2. Schematics of the magnetisation distribution
diamater of 10 rm a so-caled transverse wall  inthetransversewall and in the vortex wall.

forms. In the center of the wall the magnetiza-

tion pants normal to the longaxis of the wire. 900

However, this configuration causes magnetic i
surface targes which increase the magneto- _ 8 }
static energy. As the wire diameter is increased ém'_ |
the magnetizaion may become arranged paral- § i
lel to the surface in arder to reducethe magne ¢ gl i
tostatic energy. For a diameter of 40 rm the % |
gain in stray field energy due to the formation § so0r-
of a vortex is bigger than the expense of 3 |
exchange energy. Thus only vortex walls are 4°°_' i
formed. For an intermediated dameter of 20 300

nm both wall types occur. Figure 2 schemati- H_ (kA/m) 0

cdly snows the magnetlzgtlon dstribution in Figure 3. Domain wall velocity as a function of the
the transverse wall and in the vortex wall. gpplied field assuming a Gilbert damping constant a = 1.

Under the influence of an applied field the

domain with the magnetization parallel to the field diredion expands and the domain wall moves
throughthe wire. The wall structure remains the same during the motion of the wall. Thedomain
wall velocity depends onthewall structure. The vortex wall moves faster than the transverse wall.
Figure 3 gves the domain wall velocity as a function d the applied field for a Gilbert damping
constant a = 1.

[6] W.Y. Lee, C.C. Yao, A. Hirohata, Y.B. Xu, H.T. Leung, S.M. Gardiner, S. McPhail, B.C. Choi, D.G. Hasko, and
JA.C. Bland, Domain nucleation processes in mesoscopic NiggFe,qwire junctions, J. Appl. Phys. 87, 3032-3036

(2000).



4 List of publications (2001)

W. Schalz, T. Schrefl and J. Fidler "Micromagnetic smulation of thermaly adivated switching in
fine particles' J.M.M.M. 233 (2001) 296-304.

T. Schrefl, W. Schalz, D. Suess and J. Fidler "Computational micromagretics: Prediction of time
dependent and thermal properties’ JM.M.M. 226:230(2001) 12131219

J. Fidler, T. Schrefl and D. Suess "Grain boundries in high performance magnets, reasons for
poa or excellent properties’ Proc. of Workshop onGrain Boundaries: Their Characterisation and
influence on properties, Birmingham, UK, Sept. 1999 edited by |.R. Harris and I.P. Jones, The
University Press Cambridge, 2001, pp. 147-163

J. Fidler, T. Schrefl, D. Suessand W. Schalz, "Dynamic micromagnetic smulation of the configu-
rational anisotropy of nanoelements’, IEEE Trans Magn. 37 (2001) 2058206Q

D. Suess, T. Schrefl, J. Fidler and V. D. Taantos, "Reversal dynamics of interacting circular nano-
magnets’, IEEE TransMagn. 37 (2001) 19601962

T. Schrefl, J. Fidler, JN. Chapman and K. J. Kirk, "Micromagnetic smulation d domain struc-
turesin patterned magnetic tunnel junctions', JAP (2001, in press - Intermag/3M 2001 aper DF-
08.

D. Suess, T. Schrefl and J. Fidler, "Reversal modes, thermal stability, and exchange length in per-
pendicular recrding media’, IEEE TransMagn. 27 (2001) 16641666

V.D. Tsantos, D. Suess, T. Schrefl and J. Fidler, "Stiffness analysis for the muMAG standard
problem #4", JAP (2007), in press - Intermag/3M 2001 @per HF-10.

Josef Fidler, Thomas Schrefl, Werner Scholz and Dieter Suess, "Rotationa Magnetization Pro-
cesses in Meso- and Nanoscopic Magnets' Proceedings 2-DM Conference, Bad Gastein, Sept.
200Q (2007 in press.

T. Schrefl | H. Forster, D. Suess W. Schalz, V. D. Taantos and J. Fidler, "Micromagnetic simula-
tion d switching events', in Bernhard Kramer (Ed.), Advances in Solid State Physics, Springer
Verlag, 2001 ,p. 623-635

V. D. Tsiantos, T. Schrefl and J. Fidler, "Cost-effedive way to spead-up micromagnetic simula-
tionsin granular media”, Applied Numerical Mathematics, North-Holland (2001) in press.

V. D. Tsiantos, T. Schrefl, J. Filder amd A.G. Bratsos, "Patterned Media Stiffness of the micro-
magnetic smulations - Effedive ways to spead-up the simulations’, Proceedings of Conf. on
Nonlinear evolution equations and wave phenomena: Computation and theory (IMACYS), Athens,
Georgia, USA, April 2001(20017) in press.

T. Schrefl, V.D. Tsiantos, D. Suess W. Schadlz, H. Forster and J. Fidler, "Micromagnetic simula-
tions and applicaions’, Proc. 5th Int. Workshop onmathematicd methods in scatering theory
and biomedical techndogy, (2001)submitted.

D. Payer, D. Suess, T. Schrefl and J. Fidler, "Reversal processes in circular nanomagnets’,
J.M.M.M. (2001) submitted.



J. Fidler, T. Schrefl, W. Schalz, D. Suess and V.D. Tsiantos, "Micromagnetic smulation d mag-
netisation reversal in rotational magnetic fields", Journal Physica B-Condensed Matter, (2000 in
press.

V.D. Taantos, T. Schrefl, D. Suess, W. Schadlz, J. Fidler and JM. Gonzales, "Micromagnetic sim-
ulation d magnetization reversal in Co/Ni multilayers', Journal Physica B-Condensed Matter,
(2000 in press.

J. Fidler, T. Schrefl, D. Suess, W. Schalz and V.D. Tsiantos, "Micromagnetic simulation d the
magnetic switching kehaviour of mesoscopic and renaoscopic structures', Proc. EMRS 2001
Spring Meeting, Symposium on "Computational Materials Science acoss time axd length
scales’, Strasboug, France June 2001(2001) in press.

T. Schrefl, H. Forster, D. Suess, W. Schalz, V.D. Tsiantos and J. Fidler, "Micromagnetic Smula-
tion d nucleation and damain wall motion in small particles and wires', Proc. of Int. Workshop
onWires (IWMW), San Sebastian, Spain, June 2001, (2001) in press.

D. Suess, W. Schalz, T. Schrefl, and J. Fidler, "Fast switching d small magnetic particles’,
JM.M.M. (2001 submitted to JEMSO01 Conf. Grenode Aug. 2001, paper B-033

V. D. Tsiantos, D. Suess, W. Schalz, T. Schrefl and J. Fidler, "Effea of spatial correlation length
in Langevin micromagnetic smulations', JM.M.M. (2001 submitted to JEMSO01 Conf. Greno-
ble Aug. 2001, paper F-043

W. Schalz, J. Fidler, T. Schrefl and D. Suess "Micromagnetic simulation d domain wall pinning
in Sm(Co,Fe,Cu,Zr)z magnets', JM.M.M. (2001 submitted to JEMS01 Conf. Grenolde Aug.
2001, paper J-037.

J. Fidler and T. Schrefl, "Micromagnetic modelling and properties of nanocompasite magnets’,
Proc. of 22ndRISO Int. Symposium on Material Science, Science of metastable and ranoaystal-
line alloys, Roskilde, Denmark, Sept. 2001(2001) in press.

V.D. Tsiantos, T. Schrefl, D. Suess W. Schalz, H. Forster and J. Fidler, "Time Integration Meth-
ods in Micromagnetic Simulations. Stiffness on Granular Media-Patterned Media and UMAG
standard problem #4 - Spead up d Simulations”, Proc. 5th Hellenic European Conference on
Computer Mathematics & its Applicaions (HERMCA), Sept. 2001, Athens, Greece (2001) sub-
mitted.

M. Wongsam, W. Chantrell, T. Schrefl and J. Fidler, "Micromagnetics |: Foundations', Encyclo-
pedia of Materials: ScienceandTednology, Elsevier, invited review, (200]) in press.

T. Schrefl, J. Fidler, R. W. Chantrell, and M. Wongsam, "Micromagnetics |1: Finite dement
approadhes’, Encyclopedia of Materials: Science and Tedindogy, Elsevier, invited review,
(200)) in press.

J. Fidler "Rare earth magnets. microstructure”", Encyclopedia of Materials. Science and Ted-
nolgy, Elsevier, invited review (2001), in press

T. Schrefl, J. Fidler, D. Suessand V. Tsiantos, "Micromagnetic simulation of dynamic and therma
effeds’, Advanced magnetic materials, ed. By Y. Liu, D.J. Selmyer and D. Shindg, (2001), to be
pulished.



