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Abstract

The magnetic phase diagram of MnGa,Se, was obtained by means of low magnetic field susceptibility in the
temperature range from 2 to 300 K and high magnetic field magnetization measurements at several temperatures
between 2 and 150 K, by using a MPMS-5 magnetometer and pulsed magnetic fields method, respectively. The obtained
results show that the phase diagram is consistent with the uniaxial antiferromagnetic material when the field is applied

parallel to the easy axis.
© 2004 Elsevier B.V. All rights reserved.
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The MnGa,Se, semimagnetic semiconductor
belongs to the class of defective semiconductors
with general formula II-111,-0J-VI,;, where the
symbol “[” stays for one vacancy. The
MnGa,Se; compound is a direct energy gap
material crystallizing in the tetragonal structure
with space group 14 [1]. The cations are ordered on
sites with Se environment.

In this paper we report the magnetic suscept-
ibility measurements and the magnetic behavior at
high magnetic fields of a polycrystalline sample of
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MnGa,Ses compound prepared by the melt and
anneal technique [2].

The LMF measurements, B<5T, were per-
formed with the MPMS-5 DC SQUID magnet-
ometer (Merida) and the zero-field-cooled (ZFC)
and field-cooled (FC) data was obtained in the
temperature range from 2 to 300 K. The details of
the ZFC-FC procedure was the following: the
temperature of the sample was reduced in zero
field (ZFC) down to about 2 K; at this temperature
a DC field was applied and the magnetization was
measured with the temperature rising to about
300K. After that the sample was cooled again
keeping the field constant (FC) and the data was
obtained as a function of decreasing 7. On the
other hand, data at higher fields, up to 35T, were

0921-4526/$ - see front matter © 2004 Elsevier B.V. All rights reserved.

doi:10.1016/j.physb.2004.01.117



414 R. Cadenas et al. | Physica B 346-347 (2004) 413-415

T T T T
ZFC
. FC B
)
=
£ i
@
5
o
b= i
X
<
Dgg -
QDO@DOOQQOQQ ]
00 1 " 1 " 1 " 1 " 1 " 1 " 1
0 50 100 150 200 250 300
T (K)

Fig. 1. ZFC and FC susceptibility y vs. T curve for the
MnGa,Se, compound measured at 5 x 1073T.

obtained using the Laboratory’s pulsed magnetic
fields facility in Toulouse.

Fig. 1 shows the susceptibility y vs. T of the
MnGa,Se, compound measured at B=5x 107> T.
No temperature hysteresis was observed between
the ZFC and FC susceptibility measurements and
the overall behavior agrees with those of an AFM.

The Néel temperature, Ty = 8.2 K, was obtained
from the cusp of the y vs. T curve and it is seen
from the 1/y vs. T curve (not shown) that this
curve is linear down to, approximately, the Néel
temperature. The extrapolation of the 1/y vs. T
curve allows to obtain the Curie—Weiss tempera-
ture 0=—-22K.

Fig. 2 shows the M vs. B curves obtained at
fixed temperatures between 2 and 150K for the
MnGa,Se, compound by using the PMF method.
As can be seen, there are hysteresis effects that
may be due to the polycrystalline character of the
sample [3]. However, it is noted that the hysteresis
is related to the antiferromagnetic (AF) transition
because the hysteresis is more evident when the
temperature is close to the Néel temperature. This
effect seems to be the expected when the Spin-Flop
(SF) transition is going to occur [4,5]. Then,
assuming that the AF transition occurs at 8.2K
we expect that a SF transition would appear
below 8.2 K.

Most theoretical treatments of phase transitions
in AFM consider the case of uniaxial AFM of the
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Fig. 2. M vs. B curves for the MnGa,Se, measured at several
temperatures. The arrows along the curves indicate the
directions of the field sweep.
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Fig. 3. (a) M vs. B curve for the MnGa,Se, at 2K measured
with increasing field. (b) Differential susceptibility, dM/dB, vs.
B obtained numerically from the results in (a).
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Fig. 4. Magnetic phase diagram, B(T), for the MnGa,Se4. The
“ @ points are obtained from the M vs. B curves and the “l”
points from the susceptibility data. AF, SF and P stay for
the antiferromagnetic, spin-flop and paramagnetic phase,
respectively.

easy-axis type. These theoretical analysis (e.g.
[6,7]) show that for an AFM three phases can
occur in the magnetic phase diagram; the para-
magnetic (P), the AF and the SF phases. Lines of
interest in the diagram are the transitions between
the phases, i.e. AF-SF (By), the spin-flop field, and
AF-P, and SF-P (Bs), the saturation field.

The phase transitions can be determined better
if dM/dB is considered rather than M as illustrated
in Fig. 3 where dM/dB is plotted against the
increasing field B for the magnetization curve
measured at 2K. The values of the critical SF
fields were estimated from the inflexion points at
the left side of the first peak in the dM/dB vs. B
curves. Because of the hysteresis there will be two
different values of the critical SF field for
increasing (Br,) and for decreasing fields (Biq).

The sharp drop at higher fields located the
transition to the P state at B=Bs. The present
analysis was carried out for all the M vs. B curves
for temperatures below Ty.

Fig. 4 shows the PMF results (vertical error
lines) together with the LMF ones (horizontal
error lines) and represents the proposed magnetic
phase diagram, B(T), for the MnGa,Se; com-
pound. A complete quantitative analysis for the
B(T) phase diagram will be given in a further
work.
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