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Magnetoresistance in modulated width Ni  ggFe,o wires
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The magnetization reversal processes and magnetoresistance behavior in micron-gZzegd Ni

wires with periodically modulated width have been studied. The wires were fabricated by electron
beam lithography and a lift-off process. A combination of the magneto-optical Kerr effect and
magnetoresistance measurements shows that the lateral shape of the wires greatly influences the
magnetic and transport properties. For the field applied along the wire axis, the hysteresis loops are
strongly influenced by the wire shapes. In contrast to the fixed width wires, the modulated width
wires show an additional transverse magnetoresistance, which has been attributed to the
shape-dependent demagnetizing fields and the inhomogeneous current density. The resistance of the
modulated width wires is dominated by the contribution due to the narrow part of the wires;
however, the inhomogeneous current density in the wide part of the wires contributes a significant
transverse magnetoresistance. 1899 American Institute of Physids$s0021-897@9)00402-§

INTRODUCTION separation between the centers of the wires isultb The

Recently, there has been much interest in artificiallyw'dthWranges from 1to 1um. The wires are _f|xed width

“engineering” the magnetic properties of thin film magnetic when W=1pm. E|gure 1b) shows the scanning .electron

microstructures or even nanostructures by altering the laterd) _|croscope(SEM) image of the modulated width wire array

sizel"12The ability to design and control magnetic behaviorWIth W= 11"”_“' The image shows that good edge definition
has been achieved.

is becoming increasingly important in technological applica- .

tions as novel magnetic devices are miniaturizetf.Exten- The magneto-optical Kgrr effe(;MO_KE)_ magnetometry .

: Jpeasurements were made in the longitudinal geometry using
a stabilized HeNe laser source and a focused spot size at the
sample of 0.2 mm. In Fig. 2, the results of the MOKE mea-

Giordand'” have extensively studied on the magnetic behav§urement§ pelrformed on the wire arrays are show-n with the
field applied in-plane and parallel to the long axis of the

ior in narrow ferromagnetic wires as a function of field ori-

entation. Recently, a shape effect in magnetic nanostructurd¥res- The data for the fixed width wire arrafV=1pm)
has also been studied by Kie al,'® who found that it is are noisy, since this sample has the lowest total magnetic

possible to control the domain structure and coercivity byMoment compared with other samples. Nevertheless, it is
altering the end shape and width of the structures. In thiSlear that some general trends can be observed. The fixed

article, we report how the lateral shape affects the magneti@//dth wires show a rectangular hysteresis loop confirming
properties of micron-sized NjFe,, wires. The magnetization that the easy axis is along the wire axis as ex_pected from the
reversal processes and magnetoresistaiMR) behavior shgpe anisotropy. For the modulated width wires, the h_yster-
have been found to change significantly in micron sizecfSiS 100ps are rounded and the remanent magnetization de-
NigoFes, Wires with periodically modulated width. The width C€réases with the increasing widiti, implying that the mag-
modulation modifies the shape-dependent demagnetizingtic €asy axis changes progressively away from the wire

fields, which strongly influence the magnetic behavior of the?xis direction. It is possible to understand this behavior by
wires. considering the shape-dependent demagnetizing field which

causes magnetically hard behavt6r® For simplicity, we
assume that there is a uniaxial anisotropy in the wide part of
Il. EXPERIMENTS AND DISCUSSIONS the modulated width wires induced by the demagnetizing
The modulated width NjFe,, wire arrays with different  fields. Since the demagnetizing fields are induced by the
width modulation and a fixed width wire array were fabri- edge “magnetic charge,” it is legitimate to take the direction
cated using high-resolution electron-beam lithography and af the easy axis of this anisotropy as approximately parallel
lift-off process. The Permalloy was electron-beam evapoto the diagonal, and hence the angle between the shape in-
rated onto a GaAs substrate at a pressure»fl@ ® Torr  duced easy axis and the wire axis is proportional to the width
and a rate of 2.5 A/min. All NjjFe,, wire arrays have a W in this case.
thickness of 300 A. The geometry for the modulated width  For MR measurements, electrical contacts to the arrays
wire is shown in Fig. (a). The width of the wide part of the were made using standard optical lithography, metallization,
wires is denoted byV and the length is Zum. The width of  and liftoff of 20 nm Cr/250 nm Au. The wire array extends
the narrow part of the wires is &Zm and the length is wm.  over a distance of 25am but the voltage probes were sepa-
The modulation is repeated over a length of 20®. The rated by 160um. A dc sense current of 1 mA was passed

geometric patterns, e.g., square dbeircular dotst holes!®
and fixed width wire$~’ Adeyeye et al,?>® Hong and
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FIG. 2. MOKE hysteresis loops for the field applied along the wire axis.

tive maximum, the resistance clearly increases and then
10 um drops abruptly beforél reverses. At low positive fields, the
resistance reaches a minimum and increases, and then de-
creases again at higher positive fields.

Since MOKE measures the component of the magneti-
zation along the direction of the applied field, averaged over
along the wires and the room temperature resistance wahe focused spot size, this technique is essentially a measure-
recorded automatically using a four-terminal method as thenent of (cosé,,) when the field is applied along the wire
in-plane magnetic field was swept. The MR ratio response taxis, whered,, is the angle of the magnetization with respect
magnetic fieldsH applied along and perpendicular to the to the wire axis. The inset in Fig.(® shows the value of
wire axis is defined apR(H)—R(H=0)]/R(H=0), where  (cos#,)? over the field range from-150 to 150 Oe deduced
R(H) is the resistance of the sample at a given magnetiérom the corresponding MOKE measurement. The measured
field H. MR is mainly due to the anisotropic magnetoresistance

The results of MR measurements performed on the fixed AMR) effect® which is proportional tqcog ¢), whereg is
and modulated width wires with widtltV=1 and 11um, the angle between the magnetization and the current density.
respectively, are presented in Fig. 3. For fields applied parin general,(cosé,)? is not equal to/cos ¢), unless all the
allel to the wire axis, the maximum change in MR ratio is current density is along the direction of the applied field and
larger for the modulated width wire®.22%, compared to 6, is uniform across the whole sample. It is interesting to
the corresponding value for the fixed width wirs12%.  note that the measured MOKE signal is dominated by the
By contrast, for fields applied perpendicular to the wire axiswide part of the wires and the measured resistance is domi-
the maximum change in MR ratio is smaller for the modu-nated by the narrow part of the wires because of the width
lated width wires(0.99%9, compared to the corresponding difference. However, the MR behavior and s 6,,,)> be-
value for the fixed width wire$1.45%). havior in Fig. 3b) are similar at lower fields. The resistance

Figures 3a) and 3b) show the MR curves of fixed and drop beforeH reverses can be explained by the AMR effect
modulated width wires for the fields applied parallel to wire due to the switching of the magnetization in the wide part of
axis, respectively. Figure(8 shows the typical longitudinal the wires.

MR curve for fixed width wire,in which the sharp resis- The additional transverse MR behavior in FighBat
tance minimum corresponds to the switching of the magnehigher fields can be explained by a combination of the AMR
tization in the wires, which is consistent with the MOKE effect and the current density distribution in the wide part of
hysteresis loop in Fig.(®. In Fig. 3b), an additional trans- the wires. From the hysteresis loop shown in Fitp) 2we
verse MR behavior and larger longitudinal MR behavior forobserved that the magnetization reversal process is domi-
the modulated width wires is observed. Even at the maxihated by spin rotation at higher fields, suggesting that the
mum applied fieldH (800 Og, the resistance change is not transverse MR behavior is mainly due to the AMR effect in
saturated. As the applied field is increased from the nega- the wide part of the wires where some of the current flow is

FIG. 1. (a) Schematic of the fabricated modulated width wirés. SEM
image of the modulated width wire array with the wid=11 m.
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FIG. 4. Simulated current density distribution in the modulated width wires
-1.29 1.2 with a width of W=11 um. The length of each arrow indicates the magni-
1.44 1.4 ) tude and direction of current.
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Magnetic field H (Oe) Magnetic field H (Oe) magnetizing field for the fixed width wires as/{,)Mg,

wheret is the film thicknessw,, the wire width, andV; is

the saturation magnetization of the material. By inspection of
W=1pm W=11 pm Figs. 3c) and 3d), we can see that the MR characteristic is

FIG. 3. MR ratio of the(a), (c) fixed width wires, andb), (d) modulated ~ CONSIStent with a demagnetizing field in the narrow part of

width wires with the widthw=11 um for the magnetic field applied along the wires of~300 Oe estimated assuming the magnetization

and perpendicular to wire axis, respectively. The insébjrshows the value  of bulk Permalloy.
of (cos6,)? over the field range from-150 to +150 Oe deduced from the
corresponding MOKE measurement.

fixed width wires modulated width wires

IIl. CONCLUSION

In conclusion, the magnetic properties of novel magnetic
microstructures fabricated by electron-beam lithography and
H’ft—off techniques have been studied using MOKE magne-
neglecting the galvanomagnetic effé¢fThe calculated cur- tomet(rjy and magnetoresptwe mee}sur_ements. W? have ob-
rent density distribution for the modulated width wires with S€TV€d Strong changes in magnetization reversal processes
the width=11 um is shown in Fig. 4. The calculation indi- and MR behavior as the lateral shape of the wires changes.
cates that there is an inhomogeneous current density distr?Yr results have Qemonstrgted that Itis pOSS|bI_e to use ".’m"
bution in the wide part of the wires, and also shows thal |C|alllayer structurlng'to engineering the magnetlc; prgpernes
79.3% of the total resistance is due to the narrow part of th(—?f m|crostru.ctures', W'Fh potentlgl for device applications as
wires, and this is consistent with the experimental result ofNe” as basic studies in magnetism.
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