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Abstract: In this paper we report structural, magnetic and transport properties of strongly textured Ni51Mn36Sn13
thin films. The off-stoichiometric Heusler alloy films with 200 nm thickness were sputter-deposited on a
MgO(100) substrate at 500 K and after annealed at 1000 K in UHV conditions. The textured growth was
confirmed by x-ray diffraction in Bragg-Brentano geometry. The temperature dependence of the magnetic
properties was measured by VSM and FMR methods. The electron transport measurements were carried
out in function of temperature in 0 Oe and 50 kOe fields. All measurements corroborate the existence of
the martensitic transformation in the film. Furthermore, transport measurements reveal an influence of the
magnetic field on the transition temperature.

PACS (2008): 73.50.Jt, 73.61.At, 75.70.-i, 76.50.+g

Keywords: magnetic thin films • martensitic transformations • Heusler alloys
© Versita Sp. z o.o.

1. Introduction

Off-stoichiometric Ni-Mn-X (X = In, Sn, Sb) Heusler al-
loys with high Mn excess (about 9−12 at. %) show marten-
sitic transformation in its ferromagnetic phase [1]. The
results of such magnetostructural coupling are effects of
high application significance: giant magnetocaloric effect
[2], large magnetoresistance [3] and magnetic shape mem-
ory [4]. In contrast to Ni-Mn-Ga thin films [5] there was no
observation of well defined martensitic transformations in
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Ni-Mn-Sn thin films excepting sizeable widening of the
ferromagnetic resonance line [6]. In this paper we de-
scribe how the martensitic transformations are realized in
thin films of this alloy.

2. Experiment

Ni51Mn36Sn13 thin films were deposited on MgO(100) sub-
strate at 500 K by magnetron sputtering method in ultra
high vacuum conditions (pbase = 10−8 mbar) with Ar pres-
sure pAr = 10−4 mbar. To obtain the desirable stoichiom-
etry, films were deposited from three targets: Ni, Mn and
Ni3Sn4. The Ni3Sn4 alloy target was applied due to its
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higher melting temperature than that of Sn. The thickness
(d = 200 nm) and the composition of the films were con-
trolled by x-ray fluorescence (XRF) method. To increase
the degree of chemical order of Ni51Mn36Sn13 films, sam-
ples were annealed for 30 s at 1000 K in UHV conditions.
Textured growth was confirmed by x-ray diffraction in the
Bragg-Brentano geometry. The measurements were per-
formed at room temperature using Co cathode. The tem-
perature dependence of magnetization were carried out
using Physical Property Measurement System (PPMS)
in the 4 K − 350 K temperature range and in a 10 kOe
field parallel to the film plane. Ferromagnetic resonance
was measured using standard Electron Spin Resonance
(ESR) spectrometer (X band - 9.1 GHz) with flow through
cryostat for temperature regulation in the 110 K − 350 K
range. Electron transport measurements were realized
with 4-points method at the PPMS, that allowed us to
investigate the relationship between transport and tem-
perature in the 4 K − 350 K range and in a 50 kOe field
perpendicular to the film plane and the direction of electric
current.

3. Results and discussion
X-ray pattern for the Ni51Mn36Sn13 thin film on MgO(100)
substrate is shown in Fig. 1. The (200) and (400) reflec-
tions of the film are clearly visible and confirm strong (100)
out-of-plane textured growth. The very intense (200) re-
flection of MgO substrate was omitted during the measur-
ing process. The low intense (200) and (400) reflections
are the result of Co-Kβ diffraction. The film growth prob-
ably takes place similar to the epitaxial Ni-Mn-Ga films
on MgO(100), by rotating the unit cell by 45° relative to
the MgO cell [5].

Figure 1. X-Ray diffraction pattern of Ni51Mn36Sn13 thin film on
MgO(100) substrate.

In order to verify the influence of the martensitic trans-
formations on magnetic properties of Ni51Mn36Sn13 thin
film, the temperature dependence of magnetic moment was
measured (Fig. 2). One can see that the magnetization
is decreasing below 135 K and that in the vicinity of
this temperature, the field heating (FH) data do not re-
trace the field cooling (FC) data but shows a hysteresis,
what is attributed to a first-order structural transition [4].
The hysteresis is 6 K wide and spread between 79 K
and 141 K. The inset presents the martensitic transfor-
mation range with characteristic martensite-austenite and
austenite-martensite transition temperatures: As = 84 K,
Af = 141 K, Ms = 135 K, Mf = 79 K, respectively. The
transformation temperatures are lower and the tempera-
ture range is much wider than that for similar bulk systems
[4]. It can be connected to a composition gradient in the
sample volume or stress induced from the substrate [7, 8].
The increase of magnetization below 20 K is probably due
to some paramagnetic phase in the substrate or sample
holder.

Figure 2. Magnetic moment of the Ni51Mn36Sn13 thin film vs. temper-
ature measured in a 10 kOe field parallel to the film plane.
The inset presents temperature range of the martensitic
transformation.

The temperature dependence of the magnetic properties
can also be seen in the ferromagnetic resonance spectra.
Fig. 3a shows the first derivative of microwave absorption
(FMR signal) with respect to the magnetic field plotted
as a function of temperature. Samples were located in
the magnetic field with the surface perpendicular to the
field’s direction. One can see that in the 110 K to 260 K
temperature range, two resonance modes occur. The tem-
perature dependence of the resonance field (Hr) of this
two modes is shown in Fig. 3b. Due to the fact that Hr

depends directly on the magnetic moment and anisotropy
[9], the high-field resonance mode corresponds probably
to the austenitic phase. The low-field mode correspond-
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ing to the martensitic phase can be related to the lower
magnetic moment and the higher anisotropy of this phase.
Fig. 3c shows the integrated FMR signal peak area as
a function of temperature. There, it is clearly seen that
the FMR signal of the martensitic phase is decreasing in
temperature up to 260 K, which is much higher than in
other measurements.

Figure 3. Temperature dependence of the FMR signal of the
Ni51Mn36Sn13 thin film (a). Hr of the martensitic and the
austenitic phase (b). The integrated FMR signal peak area
of the martensitic and the austenitic phase (c).

Figure 4a shows electrical resisitivity of the Ni51Mn36Sn13

thin film versus temperature. One can see that the resis-
tivity exhibits pronounced jumplike behaviour, related to
the structure change due to the martensitic transforma-
tion, and the slope change at TC . The high resistivity of
the low-temperature martensitic phase is connected to the
crystallographic unit-cell change from cubic to tetragonal
or orthorhombic one [3]. The characteristic transforma-
tion temperatures read out from the electron transport:
As = 39 K, Af = 172 K, Ms = 158 K, Mf = 36 K, are dif-
ferent from the ones obtained in magnetic measurements.
Especially, the temperatures of the martensite to austen-
ite transformation start As and the austenite to marten-
site transformation finish Mf , indicate that the austenitic
phase exists in low temperature. There is a noticeable
difference between temperature dependence of resistivity
collected at 0 Oe and 50 kOe. The martensitic transforma-
tion temperature decreases by 6 K when 50 kOe external
field is applied. The magnetoresistance amplitude

MR = ∆ρ
ρ◦

× 100,

where ∆ρ = [ρ(50 kOe, T ) − ρ◦] and ρ◦ = ρ(0 Oe, T ) as a
function of temperature is shown in Fig. 4b. The highest
value of the magnetoresistance amplitude is 7% at 125 K.

Figure 4. Temperature dependence of the resistivity of the
Ni51Mn36Sn13 thin film at 0 Oe and 50 kOe fields (a). Mag-
netoresistance amplitude as a function of temperature (b).

4. Conclusions
In this paper we present a method of producing
Ni51Mn36Sn13 thin films. It was found, that deposition
of these films on MgO(100) substrate at 500 K and addi-
tional annealing at high temperatures, leads to the strong
textured growth and high degree of chemical order that
is sufficient to obtain the desireable magnetic and trans-
port properties. However, transformation temperatures are
slightly different for each experimental method, which is
probably the effect of both phases existing simultaneuosly
in a broad range of temperatures.
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