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Influence of Lateral Geometry on Magnetoresistance and Magnetisation Reversal in
’ NigoFezo Wires

C.C. Yao, D.G. Hasko, W.Y. Lee, A. Hirohata, Y.B. Xu, and J.A.C. Bland
Cavendish Laboratory, University of Cambridge, Cambridge CB3 0HE, UK

Abstract — The magnetisation reversal processes and
magnetoresistance behaviour in micron-sized NigFey wires
with triangular and rectangular modulated width have been
studied. The wires were fabricated by -electron beam
lithography and a lift-off process. A combination of magnetic
_force microscopy (MFM), magneto-optical Kerr effect (MOKE)
and magnetoresistance (MR) measurements shows that the

lateral geometry of the wires greatly influences the magnetic

and transport properties. The width modulations modify not
only the shape-dependent demagnetising fields, but also the
current density. The correlation between the lateral geometry,
the magnetic and the transport properties is discussed based on
MFM, MOKE and MR results.

Index Terms — magnetoresistance, magnetisationation
reversal, MFM, MOKE ' -

. INTRODUCTION

As novel magnetic devices are miniaturised, a better
understanding of how the lateral geometry affects the
magnetic and transport properties of narrow ferromagnetic
wires is becoming increasingly important [1-4]. In this work,
we have studied the magnetic and transport properties of
NigoFey, wires with periodically triangular and rectangular
width modulations. The system of modulated width wires
provides an opportunity to explore the relation between the
electron transport properties and the modified spin
configuration arising from the lateral geometry [5]. It has
been found that the magnetisation reversal processes and
magnetoresistance (MR) behaviour change significantly in
- NigoFeyy wires with periodically triangular and rectangular
width modulations. The width modulation modifies not only
the shape-dependent demagnetising fields, which strongly
influence the spin configuration, but also the current density.
Unlike in the fixed width wires, the current density is
inhomogeneous in the modulated width wires. ‘

In order to study how the lateral geometry affects the

magnetisation reversal processes, the magnetic domain’

configurations in the width modulations have been analysed
by magnetic force microscopy (MFM). In addition,
transverse and longitudinal microscopic hysteresis loops in
the width modulations have also been obtained using
magneto-optical effect (MOKE). '

II. EXPERIMENTS
The modulated width NigFe,, wire arrays with triangular
and rectangular width modulations were fabricated using

electron-beam lithography .and a lift-off process. The
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Permalloy was electron-beam evaporated onto a GaAs
substrate at a pressure 5 x 10” mbar and a rate of 2 A/min.
The Permalloy wire arrays have a thickness of 300 A. The
geometry for the triangular and rectangular modulated width
wires is shown in Fig. 1. For both modulated width wire
arrays, the modulation is repeated over a length of 200 pum
and the separation between the centres of the wires is 15 pm.
Fig. 2 shows the scanning electron microscopic (SEM) image
of the triangular modulated width wire arrays. The image
shows that good edge definition has been achieved. .

MFM measurements were carried out on a Nanoscope III
from Digital Instruments with commercial silicon probes
coated with CoCr (Pointprobe magnetic force sensor MESP),
at room temperature and in zero field. MOKE measurements
were carried out at room temperature in the longitudinal
geometry using a stabilised HeNe laser source.

For MR measurements, electrical contacts to the arrays
were made using standard optical lithography, metallisation,
and lift-off of 25 nm Cr/250 nm Au. The voltage probes were
separated by 160 um. A dc sense current of 1mA was passed
along the wires and the room temperature resistance was
recorded automatically using four-terminal method as the in-
plane magnetic field was swept. The MR ratio response to
magnetic fields H applied along and perpendicular to the wire
is defined as [R(H)-R(H=0)]/R(H=0), where R(H) is the
resistance of the sample at a given magnetic field H.

III. RESULTS AND DISCUSSION

.Fig. 3 presents the MFM images and domain structures of
the triangular and rectangular width modulations in the
demagnetising state, which means that the MFM
measurements were catried out immediately after the samples
were fabricated. It is found that domain walls extend from the
corners of the structures. A typical closure domain, seen in
micronscale Permally squares, is observed in the triangular
width modulation, which is in a good agreement with
previous work [6]. Our results imply that the number of
domains in micronscale wires increases with the complexity
of the lateral geometry. )

Figs. 4(a) and 4(b) show the MOKE loops for the
triangular and rectangular modulations for the fields applied
parallel to wire axis, respectively. Both hysteresis loops- are
rounded, implying that the magnetic easy axis does not
purely align to the wire axis direction. It should be noted that
for the fixed width wires, the magnetic easy axis direction is
the same as the wire axis direction. It is possible to
understand this behaviour by considering the shape-
dependent demagnetising field [7], which causes-
magnetically hard behaviour. Since the demagnetising fields
are induced by the edge "magnetic charge", it is expected
from the geometry of the width modulations that the direction
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Fig. 1. Schematic of the fabricated triangular and rectangular
modulated width wires.

10 pm

Fig. 2. SEM image of the triangular wire arrays.

perpendicular to wire axis is an easy axis direction of this
anisotropy. Figs. 4(c) and 4(d) show the MOKE loops for the
triangular and rectangular modulations respectively for fields
applied perpendicular to the wire axis. We observe that the
coercive forces of these hysteresis loops are larger than that
of the corresponding hysteresis loops with the fields applied
along the wire axis. This confirms that the transverse
direction is an easy axis direction.

The results of MR measurements performed on the
triangular and rectangular modulated width wires, and the
fixed width wires with width equal to 5 pm, respectively, are
presented in Fig. 5. For fields applied parallel to the wire
axis, the triangular modulated width wires have the highest
maximum change in MR ratio (0.34%), compared to the
corresponding value for the rectangular modulated width
wires (0.22%) and fixed width wires (0.20%). By contrast,
for fields applied perpendicular to the wire axis, the
maximum change in' MR ratio is lowest for the triangular
modulated width wires (0.80%), compared to the
corresponding value for the rectangular modulated width
wires (1.01%) and fixed width wires (1.17%).

Figs 5(a)-5(c) show the MR curves of triangular
modulated, rectangular modulated and fixed width wires for
the fields applied parallel to wire axis, respectively. Fig. 5(c)
shows the typical longitudinal MR curve for fixed width
wires [8], in which the sharp resistance minimum
‘corresponds to the switching of the magnetisation in the
wires. In Figs. 5(a) and 5(b), an additional transverse MR
behaviour and larger longitudinal MR behaviour is observed.
Even at the maximum applied field H (600 Oe), the
resistance change is not saturated. As the applied field H is
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Fig. 3. MFM images and domain structures of the triangular and
rectangular width modulation in the demagnetising state.

increased from the negative maximum, the resistance clearly
increases and drops abruptly before H switches sign. At low
positive field, the resistance reaches a minimum and
increases, and then decreases again for higher positive fields.
Sincee MOKE measures the component of the
magnetisation along the direction of the applied field,
averaged over the focused spot size, this technique is
essentially a measurement of <cosOn> when the field is
applied along the wire axis, where 8y is the angle of the
magnetisation with respect to the wire axis. The measured
MR is mainly due to the anisotropic magnetoresistance
(AMR) effect [9-11] which is proportional to <cos’¢>, where
¢ is the angle between the magnetisation and the current
density. In general, <cosBy>* is not equal to <cos’$>, unless
all the current density is along the direction of the applied
field and Oy is uniform across the whole sample. However,

. comparing the MR behaviour in Fig. 5(a) and 5(b) with the

corresponding MOKE results in Figs. 4(a) and 4(b), the MR
resistance drop before H reverses can be explained by the
AMR effect due to the switching of the magnetisation in the

. width modulations. It is important to note that the measured

MOKE signal is dominated by the wide part of the wires and
the measured resistance is dominated by the narrow part of
the wires because of the width difference. The additional
transverse MR behaviour in Figs. 5(a) and 5(b) can be
explained by a combination of the AMR effect and the
current density distribution in the wide part of the wires.
From the hysteresis loops shown in Figs. 4(a) and 4(b), we
observe that the magnetisation reversal process is dominated
by spin rotation at higher fields, suggesting that the
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Fig. 4. MOKE hysteresis loops of the (a), (c) triangular modulated
width wires, and (b), (d) rectangular modulated width wires for the -
magnetic field applied along and perpendicular to wire axis,
respectively.

transverse MR behaviour is mainly due to the AMR effect in

the wide part of the wires where some of the current flow is
"not parallel to the wire axis.

Figs 5(d)-5(f) show the MR curves of triangular
modulated, rectangular modulated and fixed width wires for
the fields applied perpendicular to wire axis respectively. In
Fig 5(f), a typical negative trangverse MR behaviour, nearly
reversible and symmetrical with field strength, is observed
[8]. This behaviour is consistent with the AMR effect arising
from spin rotation dominating the reversal process and
suggests that no domain develops across the width of the
wires. In Figs. 5(d) and 5(e), two clearly separated peaks in
the MR curves are observed, confirming the MOKE results
that domain wall motion occurs in the wide part of the wires.
By inspection of Figs. 4(c) and 4(d), the peaks in the MR
curves correspond to the switching of the magnetisation in
the width modulations. This MR behaviour can still be
explained in terms of AMR effect with an inhomogeneous
current flow in the wide part of the wires.

1V. CONCLUSION

In conclusion, the magnetic and transport properties of
micron-sized NigoFeyy wires with triangular and rectangular
modulated width have been studied. A combination of
magnetic force microscopy (MFM), magneto-optical  Kerr

" effect (MOKE) and magnetoresistance (MR) measurements

shows that the lateral geometry of the wires grearly
influences the magnetic and transport properties. The
correlation between the lateral geometry, the magnetic and
transport properties has been discussed based on MFM,
MOKE and MR results.
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Fig. 5. MR ratio of the (), (d) triangular modulated width wires, (b), (e)'
rectangular modulated width wires, and (¢), (f) fixed width wires with
width equal to 5 pm for the magnetic field applied along and
perpendicular to wire axis, respectively
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