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Giant magnetoresistance in Cu-Mn-Al
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Giant negative magnetoresistan¢g6MR) has been observed in melt-spun @ Al, ribbons
(x=50-65,y=5-25, andz=25-30, with values up to 15% at 30 K. GMR was observed in all samples with
off-stoichiometric composition which had a tweed structure consisting of a mixture of Mn-rich and Mn-poor
Cu,MnAl-type (2:1:1) regions and/or of a fine mixture of magnetic 2:1:1 and nonmagnetiAICY9:4)
phases. The highest value was obtained in samples with the 2:1:1 phase as a majority phase. The observed
GMR is attributed to interfacial scattering at these fine structural mixt{i8863-182606)02930-X]

Recently, great attention has been focused on the giamh a honmagnetic matrix with the granular size being com-
negative magnetoresistance behavior of multilayered thiparable to, or smaller than, the electron mean free path.
films,1~3 granular system$® and melt-spun ribbons consist- Above the percolation threshold, the size of the magnetic
ing of (Fe, Co, N)/(Ag, Au, Cu. Modeling of the giant particles is increased above the mean free path, leading to a
magnetoresistanc€GMR) has emphasized spin-dependentdecreased surface/volume ratio with a subsequent reduction
scattering at the interfacial regions between the ferromagm the interfacial scattering and GMR.
netic and nonmagnetic minority regiohé.n granular sys- We have recently observed a different GMR behavior in a
tems with GMR, the volume fraction of magnetic particles ismelt-spun Cu-Mn-Al system where the magnetic phase is the
below the percolation threshold, leading to isolated granulemajority phase, Cu-Mn-Al Heusler alloys have been exten-
sively studied in the past because of their magnetic harden-
ing behavio® High coercivities have been observed in
some as-cast Cu-Mn-Al alloys with composition in the range

CoeMn Al s - = between the Heusler phase, SnAl (2:1:1) and the
57V 7l S E = phasé Magnetic hardening has been attributed to domain
é‘ 5: g - wall pinning by nonmagnetic precipitates in a ferromagnetic
-q if = - = matrix}° and more recentfy to a single-domain particle be-
~ Hew -~ e . . h .
‘L ] havior, where noninteracting GMnAI particles are embed-
P 8 ded in the nonmagnetic GAl , (9:4) matrix phase.
Our studies on Cu-Mn-Al showed GMR in a wide range
PR CugaMngAlyg of compositions. Values greater than 10% have been ob-
2 tained in samples having a nearly single ferromagnetic 2:1:1
g. .
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FIG. 1. X-ray diffraction patterns of Cu-Mn-Al ribbons with FIG. 2. Estimated 2:1:1 volume fraction, magnetization, and
different compositions. GMR as a function of Mn content.
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FIG. 3. GMR of Cu-Mn-Al ribbons as a function ofa)
CU53Mn21 AIZG! (b) CU57Mn17A| 261 and(C) CU65Mn5 A|30.

phase and in samples with mixed 2:1:1 and 9:4 phases. An
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FIG. 4. GMR of Cu-Mn-Al ribbons as a function of applied
field.

Cu-Mn-Al alloys were made by arc-melting the pure ele-
ments under an argon atmosphere. The Cu-Mn-Al ribbons
were prepared by melt-spinning, using different quenching
rates by varying the wheel speed. The samples were carefully
prepared to ensure compositions closed to the nominal com-
position. The thickness of the ribbons was found to be in the
range between 8 and %0m. The structure of all the samples
was characterized by x-ray diffractigXRD). The magnetic
properties were measured by both a vibrating sample mag-
netometer(VSM) and a superconducting quantum interfer-
ence devicdSQUID) magnetometer in fields up to 50 kOe
and in the temperature range of 10—700 K. The electrical
resistivity p(H,T) measurements were carried out using a dc
four-point probe, where the fields were applied along the
ribbon length and parallel to the current. Transmission elec-
tron microscopyTEM) and energy dispersive x-ray analysis
were used to study the microstructure and chemical compo-
sition of the samples, respectively.

Only a small magnetoresistan¢about 1.5% was ob-
served in samples with the stoichiometric composition
CusoMn Al 55 which had a single CyMnAl phase.
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attempt was made to understand the origin of GMR by cor-
relating the magnetic properties with the sample composition FIG. 5. Magnetization curves of Cu-Mn-Al ribbons with differ-

and microstructure.

ent compositions.
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o= - larger 9:4 grains surrounded by 2:1:1 clusters in samples
= * with the 9:4 phase as the majority phase with 2.5% GMR
] " [Fig. 3(c)].
-41 S The magnitude of GMR as a function of applied field is
Y < -S(V/M * shown in Fig. 4. It may be noticed that GMR is strongly
—_ * , dependent on the sample’s chemical composition and is not
S saturated even in a 50-kOe field. The corresponding magne-
g -101 " tization curves of these samples are shown in Fig. 5. The
121 * magnetization of all the samples is close to saturation in
< —_Calculated contrast to the GMR. The magnetization is found to depend
14 % Cus7Mn;7Alyg ” on the amount of Mn and therefore on the percentage of the
-161 0 Cug3 sMn7Alyg 5 ferromagnetic phase, decreasing almost linearly with the
181 2:1:1 phase. According to the two-current mofeGMR can
be expressed ap(H)—p(0)/p(0)=—A(M/MJ)? where
20 0.2 0.4 056 08 1 1.2 the coefficientA is related to the magnitude of GMR.
M/ M, AR/R of the samples consisting of a fine mixture of 2:1:1

and 9:4 phases does not follow thi1{M)? relation (Fig.

FIG. 6. Magnetoresistanc®R/R(0) vs magnetization at 30 K.  6). This behavior is probably due to the fine nanocomposite
structure of the samples which leads to large areas of ran-
domly oriented surface spins that are pinned and therefore
require high field to be saturated. Electrons are scattered pri-
marily by these surface spins, and this leads to the nonsat-

Cu,Mn Al , compositions were chosen so that their micro-urated GMR. The surface spins, however, constitite a small
structure consisted of a mixture of ferromagnetic 2:1:1 andraction of the total spins in the GnAl phase, and this
nonmagnetic CyAl 4, phases that can lead to interfacial scat-explains the close-to-saturation magnetization with a small
tering, similar to that in other syster&™ By gradually de-  high-field susceptibility as shown in Fig. 5. In samples with
creasing the Mn content, the ratio of the 2:1:1 and 9:4 phases slightly off-stoichiometric composition which show only a
could be adjusted. This was achieved by varying the compasingle 2:1:1 phase, the GMR observed is related to the tweed
sition of CuMnyAl, and keeping a constant ratio of structure which develops prior to the precipitation of the 9:4
(x—27)/(z—y)~2.2-2.5 close to the GAl , composition  phase. In these samples, the off-stoichiometric composition
(Cu/Al=2.2-2.5. leads to separation into Mn-rich and Mn-poor regions, all
Figure 1 shows the x-ray diffraction patterns of sampleswith the 2:1:1 structure. The Mn-poor regions can be as-
with a different ratio of the two phases: With decreasing Mnsumed to be nonmagnetic, and hence this microstructure also
content the 9:4 phase gradually becomes a majority phase kads to interfacial scattering. The tweed contrast observed in
the expense of the 2:1:1 phase. When the volume fraction ofEM [Fig. 3(@)] is due to the large strain induced in the
the 2:1:1 phase is greater than 60%, only a single 2:1:1 phadattice because of this composition separation.
is observed in the x-ray diffraction patterns. This may imply In samples with the 9:4 phase as the majority matrix
that the size of 9:4 is too small and that they are randomiyphase, a fine mixture of 2:1:1 and 9:4 phases occurs around
oriented. Also there was no shift in the XRD peaks, implyingthe 9:4 large grains and this reduces the effective interfacial
that the lattice parameters and hence the unit cell of thecattering and therefore the GMR. In these samples the mag-
Cu,MnAl phase remained the same in samples with differennetic entities are far apart, and this reduces the surface area
compositions. Figure 2 shows the estimated 2:1:1 volumeand the surface anisotropy, leading to lower saturating fields
fraction andAR/R(0) as a function of Mn content. GMR of GMR.
was readily observed in samples with off-stoichiometric In summary, giant negative magnetoresistance as high as
composition. Values oAR/R(0) above 10% were easily 15% has been observed in Cu-Mn-Al ribbons. The highest
obtained in samples with a structure consisting of a mixtureSMR was observed in samples with a fine mixture of mag-
of 9:4 and 2:1:1 phases, but with the latter as the majoritynetic 2:1:1 and nonmagnetic 9:4 phases, but with the mag-
phase. GMR reached a maximum value of 15% in a samplaeetic phase as the majority phase. However, high GMR was
with 70% 2:1:1 phase and then gradually decreased imlso obtained in a nearly single phase sample with a tweed
samples with the 9:4 phase as the majority phase. This bewicrostructure consisting of Mn-rich and Mn-poor regions
havior is different than that of other granular systems whereand in samples with the 9:4 as the majority phase, but with
the magnetic phase is the minority phase. the magnetic clusters localized around large 9:4 grains. The
TEM studies on the samples with GMR showed threeobserved GMR is far from saturation in contrast to the mag-
types of microstructurdi) a tweed structure in samples with netization curves and is believed to be the result of interfacial
a majority 2:1:1 phase and 10% GMRig. 3@)], (i) a fine  scattering.
mixture of 2:1:1 and 9:4 phases with the minority 9:4 phase
sandwiched between the 2:1:1 phase plates with the highest This work was supported by NSF Grant No. DMR
GMR [Fig. 3(b)], and (iii) a mosaic structure consisting of 9307676.
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