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Magnetic excitations in a nanocontact
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The domain wall in a ferromagnetic nanocontact adopts a specific configuratiogi-iée vortex, or
Bloch-like—depending on the dipole-dipole interactions governed by the size and shape of the contact and its
atomic structure. Spontaneous thermal fluctuations between these modes arise in a soft ferromagnet at room
temperature when the dimensions of the contact are less than about 10 nm. The giant magnetoresistance of a
nanocontact may be reduced, but not eliminated by the mode fluctuations.
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Contacts between ferromagnetic electrodes which havevhereG = uou3/4 and the sums are over all atomic sites in
their magnetization directed parallel or antiparallel to eachthe nanocontact. The three terms represent the exchange, an-
other are the basis of the emerging science of spin electronsotropy, and dipole-dipole interactions, respectively.
ics. The electrodes may be separated by a thin metallic layer Basically, three types of nanowalls can appear in the isth-
(spin valve or a thin insulating layeftunnel junction, or  mys when the two ferromagnetic slabs are oppositely mag-

else they may be in direct contact with each otffemocon-  etized. These aré) Bloch-type walls where the magnetiza-
tac). Much effort is being directed to perfecting spin valves ;1 rotates in theyz plane, with ¢=+ /2, (i) Neel-type

ngstt(l)]rnaricﬁel nggﬁ'grrl‘é aflgrSggzzr:tigoggrigocsucsgfncgrgg]r?o?o /alls where the magnetization rotates in theplane, with

tacts showéimpressive magnetoresistance %ffects at rooit :Jgtuc;regwahnedré;"i; \\;V;Iilzb}g't\zitmgrg ;():Ioa Tg“?.?\tee%;g;tgﬁ

temperature, especially in half-metallic systenishut little : S . : e
b b y Y s zation direction in the slabs adjacent to the isthmus will also

is known of their magnetic structure. It was recently pre-b bed. The | d d h )
dicted that very narrow domain walls with dimensions com- e perturbed. The lowest-energy state depends on the atomic

parable to the length of the nanocontact itself should exisStructure and the dimensiosr,, as well as the values of
even in soft magnetic materialsThere have been reports andK._ L i )

of domain walls in ferromagnetic thin films patterned with _FOr Simplicity, we focus on the first two nanowalls, illus-
micron-size constriction® but the studies of domain walls ratéd in Fig. 1. The Bloch-type walls can have positive or
in nanometer-scale constrictions have been restricted to mfiégative chirality since the magnetization may rotate clock-
cromagnetic calculatioAsind simulations, based on the con- WiS€ Or anticlockwise in thgz plane. Likewise, the magne-

tinuum approximatioﬁ;7 or on lattice sumé&.Here we point tization of the Nel walls can rotate in either sense in the

out that these nanowalls are subject to magnetic fluctuation®'@ne- Either the Bloch-type or the bletype wall is lower in

which may influence the spin polarization of electrons a€nergy. The energy difference between thetgy, is due
they traverse the contact.

To illustrate the idea, consider the simple “isthmus”
nanocontact illustrated in Fig. 1. A thread of ferromagnetic
material of lengtH and radiusy connects two semi-infinite @
slabs of the same material. We assume a common anisotropy | Y l
axis z throughout, with anisotropy constakit The atoms

are arranged on a square lattice with lattice paramater
Each atom has a classical sgi§=1 and moment Jug.

There is nearest-neighbor exchange coupling of stredgth ) / / '\ \1 D ¢ =0 Néel +
The normal domain wall widtld,= (JS*/aK)?is of order

200 nm, taking values typical of a soft ferromagriétkg ] \\ \__/ / D )
=100K, a=0.2nm, K=10*Jm ). Using the continuum ) ¢ = m Néel -
approximation of micromagnetism, Bruno has shown that the
wall width §in an isthmus witH < &, is approximately equal \
to !.3 Labayeet al. have confirmed this in Monte-Carlo simu- 6\ X\ 7/ '/ l ¢ = /2 Bloch +
lations on an atomic lattic&The total energy is given by the J

expression
| nn O/ VAR AN \ D ¢ =-m/2 Bloch -

Eo= > | (12> JSS+Ka%si? ,+G >, [SSr?
J J#i

[

T

FIG. 1. The “isthmus” nanocontact. Four magnetic modes are
shown, two Bloch-type modes with opposite chirality
—S(Srij)(Sjrij)]/rﬁ , (1) (¢==m/2), and two Nel-type modes ¢=0,7).
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tions occur at room temperature may be a little bigger. Quan-
tum tunneling between different modes is expected to be
significant only in very tiny nanocontacts, containing of or-
der 10 atomg®

We now ask what effect the magnetic mode fluctuations
can have on electrons passing through the contact. They pro-
vide an extra channel for inelastic scattering in a small vol-
ume, and there is the possibility that they may induce spin
flip. Considering the problem classically, the time spent by a
ballistic electron in the nanoconstriction is of ordep
wherevr is the Fermi velocity €£10°ms™1); this time is
about 10 '* s. The spin-polarized conduction electrons are
subject to an exchange field which produces a spin splitting

FIG. 2. Enetgy differences per atom in units ®fa® between E;|, whereE; /h is approximately 18 Hz. Spin flip would
the Bloch and Nel modes for nanocontacts of different widtis therefore be possible if the mode fluctuations had a trans-
as a function of the radius of the contact in unitsaofThe four  \arge component at the Larmor precession frequency of the
curves are fot=2, 4, 10, and 2G. spin-polarized electron, but it is clear from H@) that even
in the smallest contacts they are considerably slower. Ehe 4
electrons in a ferromagnetic metal, which experience an ex-
change field one or two orders of magnitude less than that for
the 3d electrons, also have a Larmor precession frequency
which is much faster than the transverse fluctuations of the
magnetization; no spin flip is expected for them either. In
other terms, domain wall dynamics are governed by a
¢ domain-wall velocity which is of order 100 m§** so the

time scale for changing the configuration of the contact is of
order 10 10s,

; ; A small effect on the resistance is anticipated due to dif-
be of orderkgT. Spontaneous thermal fluctuations will then terent wall widths for the different modes. For diffusive

occur from one mode to another, as indicated in Figure 3. . . . 212
Thermal excitations among wall modes will be a featurelr@nspPort, th? wal resistance Is predicted to Vafy‘s"’!%-

of any sufficiently small ferromagnetic nanocontact betwee The change in wall resistance due to mode fluctuations may

domains magnetized in different directions. The fluctuation e a few percent. . .

between different nanowall configurations are analogous to Many of the atoms in a nanocontact lie at _the §urface,

superparamagnetic fluctuations between different direction@’here. the 8 states tgnd to be Iogahzed, especially in half-

of magnetization of a ferromagnetic nanopatrticle. In eacH“Eta”'? ferromagnetic °X'9'es with narroW—bands_. The

case, the relaxation process can be represented by the prdg@ndwidth of the local density of state& ', wheret is the

uct of an attempt frequency and the probability of overcom-fransfer integral, will be reduced to roughly of its bulk
ing the energy barrier\, separating the configurations value at the surface. Electron transport across the nanocon-

Hence, tact is then either by hopping via localized states or by tun-
neling, or some combination of the two. A hopping electron
v=voexp —A,/kgT). 2 is subject to spin flip at every hopping site where its wave
. function is projected along an axis different fronz OThe
In the present case,,=Agy because the wall energy varies ansmission probabilitfr across the wall then depends on

monotonically withé. The attempt frequencyy is of order  he profiles,(x), which is practically the same for Bloch and
the ferromagnetic resonance frequency in the anisotropy aWQéel walls whenG is small. In a wall wherag/dx is con-

dipole fields, 16°Hz. At room temperature the standard sta-gtant sis the wall width andv= 8/x, where\ is the hopping
bility cpndition Ay /kgT~252 yields n~ 10>, correspo_nding length, T~{co(m/2v)}". However, the Nel wall in a long
to a size of about 10 nm. Usually a vortex mode lies interginmys splits into two 90° half-walls at either ehdnd the
mediate in energy between the Bloch andeNeodes, and  4smission is thefico€(m/4)}2. In this case, thermal exci-

the size of contact below which spontaneous thermal fluctuagyions decrease the magnetoresistance of the contact by at
most a factor of 2.

essentially to the dipole-dipole interaction. The contribution
of bulk anisotropy to the energy is unimportant for narrow
walls in soft ferromagnets, although surface anisotréy
~1mIm? (2.9 K per surface atommay influence the
nanowall configuration.

Some results of the energy differenagy deduced from
lattice sums of the total energy wih=0 and the constraint
¢ =0 or #/2 are shown in Fig. 2. The order of magnitude o
Agy is G/a® (0.08 K) per atom in the nanowall. When the
number of atoms in the wall is sufficiently smallAgy can

Bloch + Bloch — There is no tendency to create an(®1)w domain wall
by thermal fluctuation because the energy eﬁzrglal, is
Apn greater tharkgT for all but the tiniest contacts wherg, |
~a.
Néel + Néel - Following Eq.(2), the mode fluctuations in a nanocontact

could be detected by looking for a thermally activated term
FIG. 3. Mode fluctuations in a ferromagnetic nanocontact.  in the magnetoresistance, particularly in contacts made from
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half-metallic oxides with hopping conduction or in metals nanocontacts. It is illustrated in the simplest, isthmus geom-
with a large residual resistivity. The nanocontacts them-etry in terms of thermally excited fluctuations between
selves, with dimensions of order 10 nm could be prepare@loch-type and Nel-type wall configurations. These excita-
from thin films by focused ion beam milling or electron- tions are also expected to occur in nanowires and in pinhole
beam lithography. Otherwise they might be growncontacts in tunnel junctions. The mode excitations may re-
electrochemically>'* In order to separate the resistivity guce, but not eliminate the giant magnetoresistance. Their
change due to domain wall mode fluctuations from the ineffects are likely to be more evident in hopping contacts
trinsic temperature dependence, a bridge configuration coulghiher than ballistic or diffusive contacts. It is a challenge to
be used with two contacts of different dimensions. An alteryetect these magnetic-mode fluctuations experimentally.
native approach would be to detect the stray field fluctuations
from a nanocontact prepared in the sensing coil of a micros- This work was supported by Enterprise Ireland, Contract
quid. No. ST/1999/125, and as part of the Ireland-France Ex-
In summary, we propose that a new type of localizedchange Scheme. It also forms part of the EC “Magnoise”
mesoscopic magnetic excitation occurs in ferromagnetiproject.
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