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We report an enhanced negative giant magnetoresistance �GMR� with larger temperature span in
Ni-doped antipervoskite compounds GaCMn3−xNix. The observed GMR can peak at �75% �at
85 kOe� and exceed 60% �at 50 kOe� over a temperature span of approximate 110 and 50K for
x=0.05 and 0.10, respectively. Compared with the parent GaCMn3, the well-enhanced GMR in
Ni-doped samples is suggested to be associated with the partially suppressed antiferromagnetic
�AFM� ground state, which favors the transition from the high-resistivity AFM state to the
low-resistivity canted ferromagnetic state under an external magnetic field. © 2009 American
Institute of Physics. �doi:10.1063/1.3268786�

Recently, the Mn-based antiperovskite compounds
AXMn3 �A: main group elements; X: carbon or nitrogen�
have attracted considerable attention due to their interesting
properties, such as giant magnetoresistance �GMR�,1

magnetocaloric effect �MCE�,2–4 giant negative thermal
expansion,5–8 and magnetostriction effect.9 As a typical
antiperovskite-structured compound, GaCMn3 has been in-
tensively investigated in the past decades.1–3,10–12 With de-
creasing temperature, three phase transitions were observed:
one second-order transition from paramagnetic to ferromag-
netic �FM� phase at 246 K, the other second-order transition
from FM to intermediate canted ferromagnetic �CFM� exists
around 160 K; a first-order transition from the CFM state to
antiferromagnetic �AFM� ground state with a discontinuous
lattice expansion in volume at 158 K.1–3,10,11 A plateaulike
temperature dependence of GMR has been observed with the
maximum MR value of 50% at 50 kOe, covering a tempera-
ture range of about 20 K.1,11 It has been proved that the
GMR is associated with the field-induced magnetic transition
from AFM phase to CFM phase or FM phase �FM and CFM
are undistinguishable by magnetization measurements�
where a close correlation among lattice, spin, and charge
exists.11 However, few reports have been focused on optimi-
zation of the GMR effect in GaCMn3 such as enhancing the
peak values of MR, broadening the temperature span, and
reducing the critical magnetic fields. In this letter, we report
an obviously enhanced GMR in Ni-doped GaCMn3−xNix. For
x=0.05�0.10�, the MR exceeds 60% �70%� at 50 kOe, cov-
ering a temperature range of about 110 K �50 K�. For both
samples, the maximum MR values are approaching 75% un-
der a magnetic field of 85 kOe. The essential mechanism is
discussed in terms of field-induced magnetic transition and
the electronic characteristic of Ni-substitution.

Polycrystalline GaCMn3−xNix�0�x�0.10� were pre-
pared by direct reaction of the constituent elements of Ga
�4N�, Graphite �3N�, Mn �4N�, and Ni �4N�.2–4 The x-ray

diffraction patterns collected at room temperature and the
Rietveld refinements confirm that the samples are good in
quality with x�0.10. The lattice shrinks in the doped
samples, e.g., the volume of x=0.05 shrinks by �V /V0=
−0.323% compared with GaCMn3. Further increasing the
level of doping, impurities appear in the final samples.
Samples with x=0.05 and 0.10 were subjected to further
measurements. The magnetization measurements were per-
formed on a quantum design superconducting quantum
interference device magnetometer �1.8 K�T�400 K, 0
�H�50 kOe�. The resistivity was measured using the stan-
dard four-probe technique in a quantum design physical
property measurement system �1.8 K�T�400 K, 0�H
�90 kOe�.

Figure 1 illustrates the temperature dependence of elec-
trical resistivity ��� and MR �defined as MR= ��H−�0� /�0�
for x=0.05,0.10 measured at various magnetic fields. As
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FIG. 1. �Color online� Temperature dependence of electrical resistivity at
various magnetic fields up to 85 kOe in both cooling and warming pro-
cesses: �a� x=0.05 and �b� x=0.10. The temperature dependence of MR at
various magnetic fields calculated from the results of ��a� and �b��; �c� x
=0.05; and �d� x=0.10. The arrows indicate the direction of temperature
circle.
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shown in Figs. 1�a� and 1�b�, the ��T� shows a metallic be-
havior in both AFM and FM phases, and an abrupt change of
the resistivity occurs accompanying the AFM-CFM transi-
tion �TAC�, which can be ascribed to the sharp change of
carriers concentration as described in GaCMn3.1 Another fea-
ture is that the sharp change in ��T� at zero field can be
completely suppressed in decreasing/increasing temperature
cycles with an critical field of 50 and 5 kOe for x=0.05 and
0.10, respectively, resulting in a large MR with a large tem-
perature span. Meanwhile, these values of critical magnetic
field are much lower than that of the parent GaCMn3 �more
than 240 kOe�,1 indicating a weaker AFM ground state in
Ni-doped samples. Figures 1�c� and 1�d� presents the MR as
function of temperature for both samples. For x=0.05, the
MR at 50 kOe �30 kOe� can exceed 65% �60%� over a tem-
perature of approximate 110 K �32 K� when samples were
cooled from the room temperature. Analogously, for x
=0.10 MR at 50 kOe �5 kOe� exceeds 70% �56%� with a
temperature span of 50 K �45 K�. For both cases, the pla-
teaulike MR increases with increasing magnetic fields, reach-
ing 75% at 85 kOe.

Figure 2 shows the field dependence of MR at several
selected temperatures below TAC with the magnetic field up
to 85 kOe. For x=0.05, in a wide range from 50 to 100 K,
the MR exceeds 60% and the largest MR values at 50 and 60
K exceed 70%. Further, at 100 K, a completely recoverable
saturated MR of 65% can be achieved in a magnetic field of
40 kOe. At 120 K, the MR recovered only a value of 15%
because the sample is situated in stable CFM or FM phase.
In the case of 40 K or lower temperatures, the MR values are
very small. However, as shown in Fig. 1�c�, the MR can
approach 80% at 40 K in an external field of 85 kOe. This
behavior is related to sample’s magnetization history and
will be discussed in the following text. As to x=0.10, when
the temperature is lower than 40 K, the MR shows a sharp
increase at a certain critical field which increases as decreas-
ing temperature. Meanwhile, in the process of demagnetiza-
tion, the peak value of MR ��70%� can be obtained at a

small magnetic field, the origin of which can be attributed to
weak AFM interaction in sample with x=0.10. Above 40 K,
the MR is basically recovery at 80 kOe though the peak
value of MR reduces as the temperature increases.

Figure 3�a� shows the temperature dependence of mag-
netization M�T� for x=0.05 measured at different magnetic
fields. Obviously, an abrupt change in M�T� around TAC can
be observed. Meanwhile, the value of TAC was reduced with
increasing the magnetic field. When the external magnetic
field exceeds 50 kOe, the M�T� was remarkably enhanced at
low temperatures. The results are in good agreement with the
field dependence of MR and � �shown in Fig. 1�, implying
that there exist close correlations between electronic trans-
port and magnetic properties. Figure 3�b� displays the iso-
therm magnetization M�H� of x=0.05 at various tempera-
tures. Between 50 and 120 K �below TAC at zero field�, M�H�
shows a metamagnetic transition, triggered by the external
magnetic field, from the low-magnetization AFM to the high-
magnetization FM phase with a magnetization change of
70emu/g. Above 120 K, the curves exhibit FM behavior, cor-
responding to the small MR values ��20%� as shown in Fig.
2�a�. The M�H� at 20 K exhibits AFM behavior without
sharp changes up to 85 kOe. However, as displayed in Fig.
3�a�, the transition from low-magnetization AFM to high-
magnetization CFM state can be observed even when the
field is larger than 50 kOe. This difference and that of low-
temperature MR values between MR�T� and MR�H� as men-
tioned above can be interpreted by considering its magneti-
zation history. For M�T� �Fig. 3�a�� and ��T� �Fig. 1�a�� or
MR�T� �Fig. 1�c��, the sample was cooled down with the
measurement magnetic fields turned on from the room tem-
perature. It is beneficial to the nucleation and growth of FM
domains at low temperatures, accordingly to the field-
induced AFM-CFM transition. However, for M�H� �Fig.

FIG. 2. �Color online� Variation in MR vs magnetic field at several selected
temperatures in increasing and decreasing field processes: �a� x=0.05 and
�b� x=0.10. The arrows indicate the directions of field variation. FIG. 3. �Color online� �a� Temperature dependence of magnetization M�T�

for the sample x=0.05 in cooling and warming processes at various fields up
to 50 kOe. The arrows indicate the direction of temperature circle. �b� Iso-
therm magnetization curves M�H� of the sample with x=0.05 at selected
temperatures and the arrows indicate the directions of field variation.
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3�b�� and MR�H� �Fig. 2�a��, the sample was cooled down
from the room temperature to the measurement temperatures
with zero magnetic field. Therefore, it is relatively hard to
induce the AFM-CFM transition at low temperatures even if
the external field is as large as 85 kOe. For x=0.10, the AFM
ground state is further suppressed so that the AFM-CFM
transition can be triggered at 10 K even if the sample was
cooled without magnetic field �to see Fig. 2�b��.

As discussed above, the GMR observed here is closely
related to the field-induced AFM-CFM �or FM� transition. In
the parent GaCMn3, the ground AFM state is somewhat ro-
bust so that a high magnetic field of 240 kOe is required to
suppress the AFM ground state.1 The measurement of Hall
effect reveals that the average carrier density �electron-type�
in the FM �CFM� phase is about five times larger than that in
the AFM phase.1 Further, the substitution of Ni for Mn in
GaCMn3 can be seen as electron-type doping, favoring the
FM state and weakening the AFM ground state.1,4 Conse-
quently, the slight Ni-doping weakens the AFM ground state
and favors the field-induced AFM-FM transition, leading
to the enhanced MR.

Generally speaking, the shrink of lattice favors the FM
interaction among Mn sites, as observed in current system.
Similarly, as reported recently in GaN�Mn1−xFex�3, the AFM
ground state was gradually suppressed by Fe doping and a
FM ground state appears when x�0.05, while the lattice
constant decreases.13 However, there are few exceptions,
such as GaN1−xCxMn3, in which C doping induces FM state
and expands the lattice at the same time.14 This discrepancy
indicates the relation between lattice constant and magnetic
coupling among Mn sites in doped Mn-based antiperovskite
AXMn3 is more complex than simply thought. Compared
with average structural information, local lattice distortion
may be more useful to a better understanding of unique prop-
erties in element-substituted AXMn3.6

The enhanced MR effect in the Ni-doped samples is
comparable with those observed recently in other three-
dimensional �3D� GMR systems, such as FM shape memory
alloys Ni50Mn50−xInx�x=14–16� �MR�70% at 50 kOe�,15

Heusler alloys Ni41Co9Mn39Sb11 �MR�70% at 100 kOe�,16

Ni50Mn36Sn14 �MR�50% at 170 kOe�,17 and
Mn2Sb1−xSnx�0�x�0.4� �60% at 50 kOe�.18 For practical
applications, it is necessary to control or reduce the thermal
hysteresis associated with the first-order transition. In spite
of this, the enhanced MR with lower operation magnetic
field makes the Ni-doped samples more applicable than the
parent one. The hysteresis of rich fine structure in M�H�
curves �to see Fig. 3�b�� evidences the reverse transition by
the applied magnetic fields, suggesting its potential applica-
tion as a magnetic switch in the corresponding temperature
range.19 In fact, in the Mn-based antiperovskite compounds
AXMn3, magnetic phase transitions accompanied by abrupt
changes of magnetization, resistivity, and lattice have been
widely observed, which is thought to be related to the recon-
struction of electronic structure.1,4–8,11 In comparison with

A-site doping, the effect of Mn-sites doping has been less
extensively studied. Since the Fermi surface mainly origi-
nates from 3D electrons,12 these two kinds of doping meth-
ods may influence the physical properties in different ways.
From this point of view, Mn-site doping can be an effective
way for exploring large MCE and GMR properties, as well
as for understanding the unique coupling among lattice, spin,
and charges.

In summary, the obviously enhanced GMR effect, which
is associated with field-induced AFM-CFM transition, was
observed in GaCMn3−xNix �x=0.05 and 0.10�. The observed
MR has a saturated value of �75% �at 85 kOe� and is larger
than 60% �at 50 kOe�, covering a large temperature span.
The enhanced MR in GaCMn3−xNix can be attributed to the
weakened AFM ground state by Ni-doping, which favors the
field-induced magnetic transition. It is suggested that substi-
tution of other 3D elements for Mn provides an effective way
to adjust their physical properties, e.g., MR effect, as has
been demonstrated in this letter.
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