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Abstract
Sm-Fe thin films as giant magnetostrictive materials were prepared by the d.c. magnetron sputtering process mixed with Ar-N2 or mixed
Ar-CH4 gas. Diffraction peaks of Sm nitride and Fe nitride were observed in formed films prepared at 2.3 vol % N2 partial pressure.
Diffraction peaks of Sm carbide and SmFe5 were observed in formed films prepared at 2.0 vol % CH4 partial pressure. With increasing N2
and CH4 partial pressure, saturated magnetostriction of formed thin films decreased. The maximum value of magnetostrictive susceptibility
of thin films prepared was seen at 1.0 vol % of N2 partial pressure and 0.5 vol % of CH4 partial gas pressure. In the films, compressive
stress was observed with the small addition of nitrogen atoms and carbon atoms into Sm-Fe thin films, and this may lead to increase of
magnetostrictive susceptibility.
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1.Introduction
Giant magnetostrictive materials (GMM) such as SmFe2, TbFe2,
and Terfenol-D have been investigated for actuator and sensor
devices1,2). The GMM have many advantages such as high
responsibility, high out put power and low voltage operation
comparing with other smart materials. The GMM thin film has
been applied to devicesfor micro-machines, opto-magnetic
systems and surface acoustic wave filters 3,4). Large magnetostriction and high Magnetostrictive susceptibility are required for
those applications of GMM thin film. We have systematically
investigated Magnetostrictive properties of the GMM films by
using various thin film formation processes, such as flash
evaporation, ion beam sputtering, ion plating, electron beam
evaporation, and magnetron sputtering5-10). As a result, magnetostrictive characteristics are strongly effected by internal stress
change due to ion bombardment 11). Lim et al., have reported that
Sm-Fe-B thin film shows high magnetostrictive susceptibility
comparing with Sm-Fe thin films because of lattice expansion by
interstitial boron atoms12). Nitrogen and carbon atoms are similar
to atomic radius of boron atom and Fe-N and Sm-Fe-N which
have good magnetic properties13). In this study, Sm-Fe-N and
Sm-Fe-C thin films were prepared by d.c. magnetron reactive
sputtering process in mixed Ar-N2 or Ar-CH4 gaseous atmosphere.
2. Experiment
2.1 Film preparation
Sm-Fe-N and Sm-Fe-C thin films were prepared by d.c.
magnetron reactive sputtering process as shown in Fig.1. Argon
(purity: 99.999%), argon + nitrogen (N2 content: 5.0vol %) and
methane (purity: 99.99%) were usedas sputtering gas.
Reactive sputtering process SmFe2 alloy was used as a sputtering
target. Single crystalline Si (100) chips (25x5x0.28 mm) were
used as substrate. A sputtering chamber was evacuated down to
1.0 x 10-4 Pa. Sputtering gas was kept at 1.0x10-1 Pa. Substrate
temperature was maintained at room temperature. Thin films were
formed at 100 W for an hour after pre-sputtering of 5 minutes. The
film thickness was ranged from 2.6 mm to 3.2mm.
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Fig.1: Schematic diagram of d.c. magnetron
2.2 Sample analysis
The structure of the formed films was examined and observed by
X-ray diffraction (XRD) using Cu-Kα radiation. The composition
of the film samples was determined using energy dispersive X-ray
spectroscopy (EDX). Magnetostriction of the films was measured
using a cantilever method14).Thickness of prepared thin films
measured by bench-top surface profiler (DEKTAK3). Internal
stress, σ was estimated by Stoney’s equation (1) and was also
based on results of substrate curvature measurements14),

σ = Es ts2 / 6(1– νs) tf R

(1)

Subscript s and f represent substrate and film, t is thickness, E is
Young’s modulus, ν is Poisson’s ratio and R is radius of the
curvature, where R = l2 /2d.
3. Results and Discussion
3.1 Composition and Crystal structure
The film sample with Sm27Fe73 was obtained by sputtering
process. XRD diffraction patterns of the Sm-Fe-N and Sm-Fe-C
films are shown in Fig.2 and Fig.3. No distinct XRD peaks of the
SmFe2 phase were observed in as-deposited samples, suggesting
amorphous like or strongly disordered structures of each film
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samples15). In this work, the pressure of sputtering gas was kept at
1.0x10-1Pa. A mean free path of vapour flux of the target materials
could be longer than target to substrate distance.
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Fig.3 XRD patterns of Sm-Fe thin films prepared at various CH4
partial pressure.

3.2 Magnetostrictive properties
Fig.4 shows in-plane saturated magnetositriction of Sm-Fe thin
films prepared at N2 or CH4 various partial pressures. The
magnetostriction of film samples decreased with increasing of N2
and CH4 partial pressure. It showed magnetostriction of Sm-Fe
film prepared at 4.8 vol % of N2 and 3.0 vol % of CH4 partial
pressure were 600 ppm and 740 ppm at 1200 kA/m of applied
magnetic field. Fig.5 shows magnetostrictive susceptibility of
Sm-Fe thin films prepared at N2 or CH4 various partial pressures.
It showed maximum value of magnetostrictive susceptibility of
Sm-Fe film prepared at 1.0 vol % of N2 partial pressure was 34
ppm/Am-1. Where maximum value of Magnetostrictive
susceptibility of Sm-Fe film prepared at 0.5 vol % of CH4 partial
pressure was 26 ppm/Am-1. In this study, Sm-Fe-N and Sm-Fe-C
thin films show high magnetostrictive susceptibility comparing
with Sm-Fe thin film because of lattice expansion by interstitial
nitrogen and carbon atoms. Sm27Fe73 was decomposed during
films deposition process because SmN and SmC2 was precipitated
when N2 and CH4 partial pressure increased. Magnetostriction of
film was decreased with disproportionation of Sm27Fe73 to SmN
and α−Fe at nitrogen addition as well as SmC2 and SmFe5 at
carbon addition16,17).

Fig.5 Magnetostrictive susceptibility of Sm-Fe thin Films prepared
at N2 or CH4 various partial pressure.
3.3 Internal stress
Fig.6 shows internal stress of Sm-Fe thin films prepared at N2 or
CH4 various partial pressure. In this study all, of formed film
showed compressive stress. The figure shows 0.41 GPa of
compressive stress has showed at Sm-Fe thin film. The
compressive stress in thin films was increase to 0.70 GPa at all
amount of nitrogen addition as shown in Fig.5. Where the
compressive stress in thin films was increase to 0.55 GPa at all
amount of carbon addition. Magnetostrictive susceptibility was
increased due to magneto-elastic energy with compressive internal
stress of thin film.
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Fig.4 Saturated magnetositriction of Sm-Fe thin film prepared at
N2 or CH4 various partial pressure.
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Fig.2 XRD patterns of Sm-Fe thin films prepared at various N2
partial pressure.
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Fig.6 Internal stress of Sm-Fe thin films prepared at N2 or CH4
various partial pressure.
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4. Conclusion
Sm-Fe-N and Sm-Fe-C thin films as giant magnetostrictive
materials were prepared by d.c. magnetron reactive sputtering
process. The saturated magnetostriction of film samples decreased
with increasing of N2 partial pressure. Where, saturated
magnetostriction of film samples decreased with increasing of CH4
partial pressure. Sm27Fe73 was disproportionate to SmC2 and
SmFe5 with CH4 with carbon content. Therefore Magnetostriction
was decreased.
In spite of saturated magnetostriction, Magnetostrictive susceptibility showed maximum value when 1.0 vol % of N2 partial
pressure and 0.5 vol % of CH4 partial pressure. These are because
applied compressive stress was increased with nitrogen and carbon
addition. Therefore it is effective to Magnetostrictive properties
that a little amount of nitrogen or carbon addition of thin film.
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