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ABSTRACT 
 

In this work, we study the effect of the substrate temperature (ST) during sputter-deposition as well 
as co-sputtering deposition on the fabrication of nanostructured Ni-Mn-Sn thin films. Sputtered films 
show Mn losses of around 10 at.% while the average grain size (<d>) increased from 30 nm to 105 
nm with the increasing of ST. Mn losses compensation is proposed by co-sputtered deposition. 
With such a purpose a variable electrical power was applied to the radio frequency (RF) Mn 
cathode. By increasing the electrical power applied to the RF Mn cathode both Mn and Ni contents 
approach to the targeted nominal composition Ni:Mn:Sn = 50:37:13. Elemental chemical 
composition analyses show that the composition varied between Ni61.5Mn26.2Sn12.3 and 
Ni54.6Mn30.5Sn14.9 when the applied RF-power increased from 0 W to 30 W. 
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1. INTRODUCTION 
 
For well-selected compositional ranges, Heusler 
alloys, in the Ni-Mn-X (X= Ga, Sn, In, Sb) ternary 
systems, may exhibit two different magnetization 
jumps in which the magnetocaloric effect MCE 
can be achieved. These magnetization jumps are 
associated to: (i) the second-order ferromagnetic 
phase transition of the austenite phase and, (ii) 
the first-order martensitic transformation (MT) for 
which a large peak values of the magnetic 
entropy change has been reported [1,2]. This 
transition occurs in a narrow temperature range, 
and shows thermal hysteresis and large 
magnetic hysteresis losses on heating due to the 
field-induced reverse MT [3]. 
 
Looking for the development of cooling devices 
for nano and microsystems [4], thin films are 
particularly appropriate since the heat transfer 
may be strongly favored by their higher 
surface/volume ratio. Hence, cooling devices 
with high-frequency cooling cycles may be 
developing [5]. Many methods have been used 
for producing thin films; studies prove that the 
film growth technique has an important impact in 
the production of alloys thin films [6]. In such a 
sense, many efforts have been taken to study the 
technical parameters influence on the physical 
properties of the Ni-Mn-X (X: Ga, Sn, In, Sb) 
films alloys [7-17]. These studies have shown 
that the manipulation of individual technical 
parameters during the film deposition, usually 
affect to more than one physical property of the 
deposited films. For instance, it has been 
demonstrated that variations in the thickness and 
chemical composition of Ni-Mn-Ga films can be 
affected by the chamber pressure [11], target-
substrate distance and deposition time [18]. The 
surface morphologies of twined areas in NiMnGa 
thin films is strongly affected by the composition 
of the film [15], and the MT shows a non-
monotonic dependence with the film thickness 
[12]. In Ref. 8 was reported an increment of the 
austenitic grain size related to the increase of the 
substrate temperature without significant element 
losses in Ni-Mn-Sn based alloys. However, for 
thickness above 1400 nm the formation of MnSn2 
and Ni3Sn4 precipitates affects the structural 
order of the film [19]. Also, it has been 
established that in Ni-Mn-Sn ultrathin films the 
Curie temperature (Tc) of the austenitic (AST) 
phase is virtually independent of film thickness (t) 
and the Tc of the martensitic (MST) phase 

increase when t decrease [7]. For magnetron-
sputtered Ni-Co-Mn-In thin films it was found that 
both target aging and increased substrate 
temperature result in elemental losses [14]. 
 
Summarizing, the deposition of high quality 
ferromagnetic shape memory alloys (FSMAs) 
films, i.e. with a desired microstructure and 
magnetic response for a given chemical 
composition is a difficult and challenging 
technical question. Regarding the chemical 
control, it has been proved that the co-sputtering 
deposition is a powerful technique for a precise 
tuning and control of the resulting film 
composition [20]. In this contribution we explore 
the possibility to deposit NiMnSn thin films with a 
desired composition, namely Ni50Mn37Sn13, and a 
controlled microstructure. With such a purpose it 
has been separately studied the effect of the 
substrate temperature (ST) and co-sputtering 
deposition of NiMnSn sputtered films. 
 

2. EXPERIMENTAL DETAILS  
 
Two series of NiMnSn films, hereafter referred to 
as series T and series CoS, were deposited by 
means of the magnetron sputtering and co-
sputtering technique on (100) silicon substrates. 
During deposition of both film series the high-
vacuum sputtering chamber was initially 
evacuated to a base final pressure of 5x10-6Torr. 
Films were deposited in a highly pure Ar 
atmosphere at 3x10-2 Torr of chamber pressure 
and the substrate holder was rotated at 20 rpm.  
 
Two targets, both supplied by Kurt J. Lesker 
Company, one of nominal composition of 
Ni50Mn37Sn13 and the other one of pure Mn 
(99.95 %), were used and inserted in the DC and 
RF cathodes, respectively. For the T series the 
target was sputteredat 100 W for 45 min. The 
substrate temperature (ST) was varied from 
200ºC up to 500ºC (i.e. ST = 200ºC, 300ºC, 
400ºC, and 500ºC). The films of this series have 
been labeled as: T_200; T_300; T_400 and 
T_500 respectively. A co-sputtering process 
(series referred to as CoS) was proposed for 
compensating Mn evaporation losses. Films of 
CoS series were deposited applying a constant 
power of 100 W to the DC cathode and different 
powers to the RF cathode of pure Mn target, 
namely 0 W, 10 W, 20 W, and 30 W. The 
deposition time and ST were fixed at 45 min and 
400ºC, respectively. The films of this series will 
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be identified hereafter to as CoS_0, CoS_10, 
CoS_20, and CoS_30, respectively.  
 
Microstructural characterization was done in a 
FIB DUAL BEAM FEI HELIOS 600 NANOLAB 
platform. SEM images of the typical 
microstructure of films were taken from both 
surface and cross section. More than 300 
measurements were made to estimate average 
grain size <d> and film thickness. The latter was 
determined from the cross sectional SEM 
micrographs. Average chemical composition of 
deposited films was estimated by X-ray energy 
dispersive spectroscopy (EDS). To determine the 
elemental chemical composition, the EDS 
detector was calibrated with a bulk Ni-Mn-Sn 
sample of a known composition that was similar 
to that of the samples studied (i.e. Ni50Mn37Sn13). 
Magnetization measurements were performed 
from 10 K to 350 K using a Quantum Design 
PPMS-9T Evercool-II® platform with the vibrating 
sample magnetometer module. Zero field cooling 
(ZFC), field cooling (FC), and field heating (FH) 
thermomagnetic curves were measured under an 
applied static magnetic field of µoH= 5 mT with a 
heating or cooling rate of 1 K/min. 
 

3. RESULTS AND DISCUSSION 
 
For films of series T the average atomic 
concentration for each element, together with the 
corresponding error bar is shown in Fig. 1(a). 
These results were based on more than 30 
measurements for each film sample taken on the 
film surface. The standard deviation obtained for 
the elemental chemical composition (as 
determined by EDS) was 0.4 - 0.6 at.% for Ni, 
0.4 - 0.6 at.% for Mn, and 0.3 - 0.4 at.% for Sn. 
The large difference found in the elemental 
chemical composition between the target and 
sputter films (~ 10 at.%) is mainly attributed to 
Mn deficiencies, and, is independent on the 
substrate temperature. The occurrence of Mn 
losses is consistent with previously published 
results for Ni-Co-Mn-In sputtered films [14]. In 
spite of the significant compositional shift, it must 
be emphasized that the element distribution in 
the films produced is quite homogenous. This 
result suggests that even when the attained 
composition noteworthy deviates from that of the 
sputtered target, the substrate temperature does 
not affect the resulting chemical composition of 
the resulting as-deposited films. In such a sense, 
an important parameter that strongly affects the 
MT temperature in Ni-Mn-Sn Heusler alloys is 
the average electron concentration per atom 

(e/a) [21,22], which is usually estimated from the 
resulting average chemical composition. 
Considering the number of valence electrons per 
atom for Ni, Mn, and Sn (i.e. 10, 7, and, 4, 
respectively), the calculated e/a for the films, 
referred to as T_200, T_300, T_400 and T_500, 
is 8.45, 8.45, 8.49, and 8.48, respectively. 
Hence, this parameter does not exhibit a 
significant variation. 
 
Fig. 2 shows the typical SEM micrographs of the 
surface and fractured cross sectional of the 
series T. Images show that films exhibit a 
columnar-like microstructure. Measured average 
grain size <d> and its standard deviation are 
listed in Table 1. As expected, the increase of ST 
leads to the increase of <d>. The average film 
thickness <t>, estimated from the fractured 
cross-sectional SEM micrographs, was around 
200 nm; notice, that ST does not significantly 
affect this parameter. This is a positive aspect 
concerning the deposition of Heusler films with a 
controlled nanostructure. However, the non-
reproducibility of the target stoichiometry is a 
major problem that should be elucidated in order 
to produce films with a desired chemical 
composition. In this respect, the compensation of 
Mn loss by means of co-sputtering seems to be 
the most reliable practical solution [20]. 

 
Table 1. Average grain size <d> and the 

standard deviation for samples of series T 
 

ST (
o
C) 200 300 400 500 

<d>(nm) 30 56 102 105 
Std. Dev 7 17 30 27 

 
The average atomic concentration for each 
element together with the corresponding error 
bar for the co-sputtered films (i.e. series CoS) is 
shown in Fig. 1(b). Notice that with the increasing 
of the electrical power applied to RF Mn cathode 
both the Mn and Ni content approach to the 
desired Ni50Mn37Sn13 composition. 
 
Typical SEM micrographs of the surface and 
fractured cross-sectional granular structure for 
films of the series CoS are shown in Fig. 3. As 
for the series T, all the films show a similar 
thickness of ~ 200 nm. Moreover, their average 
grain size (80 nm) and the grain columnar 
morphology seems to be independent of the 
power applied to the pure Mn target. Hence, this 
does not affect the microstrutural films 
characteristics. These results suggest that by 
means of a co-puttering deposition process one 
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can synthesize Heusler thin films with a desired 
stoichiometry preserving their average grain size 
and thickness. 
 
A preliminary magnetic characterization for the 
films of series CoS was carried out by measuring 
the temperature dependence of magnetization 
M(T). Fig. 4 shows the M(T) curves measured in 
ZFC, FC and FH regimes from 10 K to 350 K 
under an applied magnetic field of 50 mT for the 
samples CoS_0 Fig. 4(a) and CoS_30 Fig. 4(b). 

The corresponding dM/dT vs. T curves are 
shown as inserted graphs. None of the curves 
reveal the occurrence of first-order martensite to 
austenite structural transition. The magnetic 
transition temperature, or Curie temperature TC, 
of samples was inferred from the minimum of the 
dM/dT vs T curve. They were 290 K and 305 K 
for samples CoS_0 and CoS_30, respectively. 
The observed temperature shift should result 
from the Tc dependence with the film 
stoichiometry. 

 

 
 

Fig. 1. Calculated average atomic concentration and standard deviation for Ni, Mn and Sn 
elements of the sputtered (a) and co-sputtered (b) films.thehorizontal dashed straight lines in 

the graphs represent the target elemental atomic composition Ni:Mn:Sn = 50:37:13 
 

 
 

Fig. 2. SEM micrographs of the film surface and cross-sectional granular structure of T_200, 
T_300, T_400 and T_500 sputtered films 
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Fig. 3. SEM micrographs of the film surface and cross-sectional granular structure of CoS_0, 
CoS_10, CoS_20, and CoS_30 co-sputtered films 

 

 
 
Fig. 4. ZFC, FC and FH M(T) curves measured under a constant applied magnetic field of 50 mT 

for CoS_0 and CoS_30 co-sputtered films. Inset: dM/dT vs. T curve 
 

4. CONCLUSION 
 
Studies in the series T thin films show a marked 
dependence of the average grain size on the 
substrate temperature, while the thickness and 
film composition remain almost unchanged in the 
range of the substrate temperatures here 
analyzed. In co-sputtered films microstructural 
features remain while the characteristic magnetic 
order temperature Tc shift from 290 K to 305 K 

when a 30 W of power is applied to the pure Mn 
RF cathode. This result is suggested to be as a 
consequence of the tailored film composition. 
From the preliminary study carried out it is 
concluded that the deposition of high quality thin 
films in the Ni-Mn-Sn Heusler alloys system with 
a desired granular structure and chemical 
composition requires both, a control of the 
substrate temperature and the co-sputtering 
deposition. 
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