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Giant Magnetoresistance of Mechanically Alloyed Fe; 5C022 sAd7g
Mixed with Hard M agnetic M aterial

Chitnarong Sirisathitkull, John Gregg? and Neil Cohen3

ABSTRACT

Giant magnetoresistive Fe; 5Co sAg7g Was alloyed by ball milling for 60 hours. Subsequently,
samarium-cobalt (5% by weight) was added to the alloy and the milling continued for another 15 minutes.
Theinclusion of hard magnetic SmCos was evidently not detriment to giant magnetoresistance (GMR). At
room temperature, the bulk mechanical alloy exhibited coercivity of 500 Oeand 1.4 % GMR with modest
anisotropic magnetoresistance. GMR increased linearly with decreasing temperaturefrom 300K to 143K
because the alloy’s resistance decreased at low temperature. Significant relaxation time of magnetic
moments was observed in magnetoresi stance curves as alag of resistance change behind the field change.
K ey wor ds: spingiant magnetoresistance, mechanical aloy, ball milling, singledomain particles, dependent

scattering

INTRODUCTION

In the past decade, the interest in giant
magnetoresistance (GMR) has rapidly grown
because of its applicationsin magnetic sensing and
recording. When subjected to a magnetic field,
giant magnetoresistive materials exhibit large
decreasein electrical resistance which rangesfrom
afew percent to as much as 80 percent. GMR was
discovered in magnetic multilayers consisting of
ferromagnetic layers interpersed with non-
ferromagnetic layers (Baibich et al., 1988). With
non-ferromagnetic partitions, an applied magnetic
field is able to modify the relative magnetic
orientation of ferromagnetic regions from an anti-
parallel configuration to a parallel configuration.
This leads to a decrease in electrical resistance in
the magnetic field described by a simple resistor
model in Figure 1. The origin of GMR is based on

the relationship between the spin dependent
scattering and the relative magnetic orientation.
Thespindependent scatteringisadifferencebetween
scattering rates of spin-up and spin-down electrons
in ferromagnetic materials. In the parallel
configuration (Figure 1b), spin-up electrons have
small scatteringratesinall cobaltlayers. According
to Mott’stwo channel current model, spin-up and
spin-down electrons carry electrical currents
independently like two resistors connected in
paralel. The parallel configuration can then be
considered as a short circuit and its resistance is
lower than those of the anti-parallel configuration
(Figure 1a).

GMRisalso observed in magnetic granular
structures. Granular GMR  structures consist of
nanoscale ferromagnetic particles dispersed in a
non-ferromagnetic matrix. Examples are granular
films(ferromagnetic granul esin non-ferromagnetic
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Figurel Giant magnetoresistivemultilayersconsist of ferromagneticlayers(e.g. cobalt) interpersed with
non-ferromagnetic layers(e.g. silver). In zero magneticfield, successive cobalt layersmay have
their magneti zations aligned anti-parallel (magnetizations point inthe oppositedirection). Inan
applied magnetic field, the relative magnetic orientation is switched from an anti-parallel
configuration to a parallel configuration (magnetization of all cobalt layers are in the same

orientation).

films) and mechanical aloys (Figure 2). The latter
offers an easily implemented alternative to
multilayered GMR. Mechanical aloys may be
produced by mixing ferromagnetic powder (suchas
cobalt and iron) with non-ferromagnetic powder
(such as silver). The basic requirement is that the
magnetic and non-magnetic materials are
immiscible. This mixture was spun in a container
loaded with grinding balls. The impact of the balls
on the elemental powdersleadsto amixture of the
two materials on the atomic scale. Since these
constituent materials are immiscible, they form no

solid solutionandthestructurecan bebest described
asnanoscal eferromagnetic particlesembeddedina
non-ferromagnetic matrix. Coey et al. (1994)
observed 10% GMRin CozgAg7gin 22 kOefield at
4.2 K and 5.7% GMR in FegpAgyg in 80 kOefield
at 4.2 K was reported by Gomez et al. (2001).

In this paper, magnetotransport properties
of Fe;5C0205Ag70 mechanical alloy with an
addition of 5 wt.% SmCosg are examined. The
inclusion of a hard magnetic SmCos is aimed to
study itseffecton GMR. Theinternal field produced
by hard magnetic materials could affect the
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Figure2 Ingiant magnetoresistive mechanical alloys, an applied magnetic field may changetherelative
magnetic orientationsfrom arandom configurationin zerofield (Ieft) toan aligned configuration

(right) and givesriseto GMR.

magneti zation rotation of other magnetic particles
and hence magnetoresi stance characteristics might
be modified.

MATERIALSAND METHODS

The mechanically alloyed Fe; sCo22 sAg70
with5wt.% samarium-cobalt (SmCos) wasprepared
by a ball milling technique at University College,
London. Fineiron, cobalt and silver powderswere
mixed together with the atomicratio 7.5:22.5:70in
agyalon via containing grinding steel balls. The
vial was sealed and then spun for 60 hours. SmCosg
(5% by weight) was then added to the vial and the
milling continued for 15 minutes. After themilling,
the alloy powder was compressed in amold under
ahigh pressure of 230 M Pato produce disk-shaped
bulk samples. No heat treastment was given to
modify the structure of alloy. In the magnetoresis-
tance measurements performed at Clarendon
Laboratory in Oxford, the holder whose 4 spring-
loaded pins made contacts with the sample (Figure
3) was connected to the end of a measurement
probe. The probe was then inserted in a cryostat
between the polesof electromagnet. Thefour-point
resistance measurement was performed with a
microohmmeter using a test dc current of 10 mA.
The magnetic field was applied in a plane of the

sample, perpendicular or parallel tothecurrent. The
sample resistance may therefore be plotted as a
function of the magnetic field. A diagram of the
measurement set-up is shown in Figure 4.

Figure3 Themechanical alloyinasampleholder.
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Figure4 Magnetoresi stancemeasurement set-up.

RESULTSAND DISCUSSION

A magneti zation measurement by avibrating
sample magnetometer (VSM) reveadled that the
alloy had a coercive field of about 500 Oe and the
magnetization saturated in afield of 5kOe (Figure
5). In magnetoresistance measurements at 143,
199, 255 and 300 K, the alloy exhibited a decrease
in electrical resistance when the magnetic field
increasedfromzeroto 16 kOe. Theresultsconfirmed
that heat treatment after the ball milling was not
compulsory. A typical magnetoresistance (MR)
curve is shown in Figure 6. The peak resistance
occurred at 2 kOe and -2 kOe corresponding to a
random configuration in which the coercive field
randomized all magnetic moments. However, this
value did not coincide with the coercive field
observed in the magnetization curve. This
discrepancy is attributable to a relaxation time of
the magnetic moments and this effect will be
discussed later in this section. When the field
increased beyond the coercivity, the magnetic
moments gradually aligned in the field direction
resulting in a decrease in resistance. A rapid
reduction occurred at low field between 2-5 kOe
and this should be aregime that most momentsre-
orientedinthefield. Whenthefield washigher than
5 kOe, the resistance decreased slightly indicating
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Figure5 Room temperature magnetisation curve
of the mechanical aloy.
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Figure6 Giant magnetoresistance at 199K is (@)
1.92% when a10 mA current is parallel
to the field and (b) 1.95% when the
current is perpendicular to the field. A
sweep rate is 16 kOein 20 minutes.
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that most momentshad already lined up. Thisresult
agreed with the magnetization curve in which the
alloy approached the saturationin 5 kOefield. The
further decrease at higher field was possibly dueto
adisorder that froze some magnetic moments and
only thelargemagneticfieldwasabletoaignthem.

From MR results, it was evident that the
inclusion of 5% by weight hard magnetic materials
was not detriment to GMR. Furthermore, sincethe
MR curveclearly reflectsmagneticbehaviorsof the
aloy’s structure, one may expect to modify MR
characteristics by varying percentage of hard
magnetic materials. For example, an increase
coercive field by the inclusion of hard magnetic
materials should shift the most sensitive regimein
MR curves to a higher field. In this way,
characteristics of GMR devices may be tuned.

Repeat sweeps of magnetic field up and
down gave rise to hysteresis in MR curves.
Hysteresi shehaviorsobservedinboth magnetization
and magnetoresistance curves indicated the
existenceof non-superparamagnetic single-domain
particles. This corresponds to magnetic particle
sizes of the order hundreds angstrom (Coey et al.,
1994). Multi-domain particlesdo not lead to GMR
because conduction electrons may flip its spin
during their transport between domains and as a
result, the spin dependent scattering diminishes.

The percentage of MR may be defined as
100x(Ry—Rp)/RywhereRgand R aretheresistance
in zero field and the resistance in a magnetic field
respectively. Asseenin Figure 7, the magnitude of
GMRincreasedlinearly with decreasingtemperature
from 300K to 143 K. Thisresult could bevery well
explained by thelinear increase in the resi stance of
alloy with temperature whereas the magnitude of
Ry—Rgremainedfairly constant. Toinvestigatethe
ani sotropi c magnetoresi stance(AMR) contribution,
the measurements at 199 K were performed with
the current paralel and perpendicular to the in-
planemagneticfield. About 1.9% MR wasobserved
in both configurations proving that AMR
contribution was insignificant.

Finally, measurementswereperformedwith
threedifferent magneticfield sweeprates. InFigure
8, the sweep rate as fast as 16 kOe in 5 minute
caused the largest deviation of the peak from zero
magnetic field and the lowest GMR. This was a
relaxation time effect in which the magnetic
momentstook a substantial timeto responseto the
applied magnetic field. This slow response time
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Figure7 Giant magnetoresistance increases lin-
early with decreasingtemperature. Mea-
surements were performed with 10 mA
current parallel to the field and a sweep
rate of 16 kOein 20 minutes.
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Figure8 Giant magnetoresistance curves at 199
K with three different magnetic field
sweep rates (16 kOe in 5, 20 and 50
minutes). The relaxation time of the
magnetic moments results in different
characteristicsfor different sweep rates.
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resulted in alag of theresistance change behind the
field change in MR curves and prevented such
alloys from being implemented as fast switching
devices.

CONCLUSION

Giant magnetoresistance (GMR) is a new
frontier of studying and implementing magnetism
and magnetic materials because it combines
interesting theoretical aspects with wide range of
applications. In this paper we demonstrated that
giant magnetoresi stivematerial scould befabricated
with arelatively simple process and hard magnetic
materials might be added to the alloy. The
mechanically alloyed Fe; 5Co2» 5Ag7gWith SmCos
exhibited temperature dependent GMR. GMR of
1.4-2.2% was observed between room temperature
and 143K with modest AMR contribution. The
rel axationtimeof magnetic momentswasobserved.
Theresultssuggest possibleapplicationsasmagnetic
sensors and magnetic read heads. In the
implementation, the substantial effect at room
temperature is its major advantage but the slow
switching time remains a drawback.

ACKNOWLEDGEMENTS

With a donation of 10 kOe-electromagnet
from Oxford and a funding from National Metal
and Materials Technology Center (MTEC), the
research project devel oping magnetic sensorsfrom

GMRmateriasiscarriedoutat Walailak University.
The first author would like to thank Dr. Chaivitya
Silawatchananai, Dean of Institute of Science, for
hisassi stanceintheequipment shipping. Industrious
contributions of Mr. Paiwan Kurdtongmee, Mr.
Suthep Nuaklong and Mr. Jirapong Kalakarninthe
electromagnet installation are gratefully
acknowledged.

LITERATURE CITED

BaibichM.N., JM. Broto, A. Fert, F. Nguyen Van
Dan, F. Petroff, P. Etienne, G. Creuzet, A.
Friederich, and J. Chazeles. 1988. Giant
magnetoresistance of (001)Fe/(001)Cr
magnetic superlattices. Phys. Rev. Lett. 61 :
2472-2475.

Coey JM.D., A.J. Fagan, R. Skomki, J. Gregg, K.
Ounadjela, and S.M. Thompson. 1994.
Magnetoresistance in nanostructured Co-Ag
prepared by mechanical-aloying. IEEE Trans.
Mag. 30 : 666-668

Gomez JA., S.K. Xia, E.C. Passamani, B.
Giordanengo, and E.M. Baggio-Saitovitch.
2001. Magnetic and magnetotransport
properties of nanocrytalline Agg gsFep 15 and
Ado.70F€p.30 aloys prepared by mechanical
alloying.J. Magn. Magn. Mater. 223:112-118

Received date
Accepted date

18/05/02
28/06/02



