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Abstract. Texture, magnetic and micromagnetic properties of the martensitic thin films with different thicknesses
prepared by magnetron sputtering of Nis;Mny,Ga,, target on paramagnetic Ni-Cr-W cube-textured thin tape are
studied. The films exhibit 220-fiber texture. The texture features together with a large magnetocrystalline anisotropy
lead to the conclusion about particular domain structure.

1. Introduction

Ni-Mn-Ga ferromagnetic shape memory alloys (FSMAs) show large magnetoplasticity and strain-induced
change of magnetization, both effects are due to the magnetic field- or stress-induced twin rearrangements as a
result of the high twin boundary mobility in a magnetoelastic matrix (see [1] and references therein). Thin film
technology of these materials is currently under development in order to extend their functionality to the
submicron scale [1-12]. Properties of Ni-Mn-Ga films depend very much on the substrate nature, surface
roughness, film thickness and technological details of their production. The transformation behavior and
magnetic characteristics of these films are controlled by crystallography, substructure and residual stress [1-12].
The substrate nature and its temperature during deposition are seemingly the main factors determining whether
single crystalline or textured polycrystalline state of film is formed. It was found that Ni-Mn-Ga films deposited
at room temperature on the alumina ceramic [4], Mo foil [2,3,9], MgO(100) [6] or Si(100) [7] wafers are
polycrystalline and exhibit predominantly 220 fiber texture after subsequent heat-treatment at 1070K, whereas
these films demonstrated an epitaxial growth during the deposition on heated single crystalline substrates such as
Al05(11-20) [5], MgO(100) [5,8,12] or SrTiO3(100) [10].

The Ni-Mn-Ga/substrate thin film composites, where the substrate is a micrometer-sized thin metallic foil are
promising materials for microactuator applications [2]. In this work, we extend the studies of Ni-Mn-Ga thin
films by utilizing a polycrystalline Ni-Cr-W cube-textured tape as the thin metallic foil substrate. Such tapes are
especially designed for high-temperature superconductor technologies [13]. Hereafter we describe the details of
preparation of Ni-Mn-Ga/Ni-Cr-W thin film composites and the results of their structural and magnetic
characterization.

2. Experimental

Polycrystalline thin films with thicknesses of 0.6, 1.0 and 2.0um were fabricated at T=320K by radio-frequency
(r.f.) magnetron sputtering of a Nis,Mn,4Ga,, target on rectangular plates of paramagnetic Ni-Cr-W cube-
textured 80 um-thick tape with all {100} edges. Such a tape normally serves as a substrate for deposition of the
high-temperature superconducting ceramics. The r.f. power of sputtering machine (Shibaura, CFS-4ES) was kept
at 200 W. The film composites were annealed at 1073K for 1h. in vacuum of 2x10™* Pa. The surface roughness,
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Ra, of the tape was measured using surface profile measuring system ULVAC, Dektak3ST to be about 30 nm. In
the present work, all the conditions of films preparation including the parameters of sputtering, target and
subsequent annealing were identical to our previous studies [2-4,6,7,9]. These studies have shown that the target
and annealing used facilitate the formation of a modulated pseudo-orthorhombic ferromagnetic martensitic phase
at room temperature. The XRPD 6-26 profiles obtained in this work (Rigaku RINT2200 diffractometer, CukK,,
radiation) contain only one intense peak at the 220 line position, overlapped with several weaker peaks which
number depends on the film thickness. Although rigorous analysis of such XRPD patterns is impossible, in
analogy with previous works [3,7,9], one can deduce that the films have 220 fiber texture and the martensitic
phase has a modulated lattice.

The texture details of films have been checked by electron backscattering diffraction analysis (EBSD). The
EBSD data have the advantage that they can resolve the orientations of two or more phases separately, which is
not possible for the X-ray texture analysis.

To detect the martensitic transformation (MT) and Curie temperature of the films, the magnetization at 20
Oe versus temperature was recorded by a SQUID magnetometer (Quantum Design MPMS). In-plane and out-of-
plane magnetization loops at room temperature were also recorded. The magnetic signal from the substrate was
recorded separately in order to correct the data. Minor M(H) loops were measured in different in-plane directions
by a magneto-optical Kerr effect (MOKE). The magnetic force microscopy, MFM, and atomic force microscopy,
AFM, measurements were performed with a Digital Instrument 3100 AFM/MFM probe microscope.
Topographic (height contrast) and magnetic (phase contrast) images were obtained in tapping and tapping-lift
mode using standard non-magnetic and magnetic tips. Magnetized CoCr coated etched silicon probe magnetic
tips with resonant frequency 70 kHz were used. The lift scan height was in the range 50—120 nm depending on
the sample. More experimental details can be found elsewhere (see [3,6] and references therein).

3. Results and discussion

The examples of EBSD microstructures and pole figures are shown in Fig.1 for the pure substrate (a) and
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Fig. 1. The microstructures (upper images) and pole figures (bottom images) obtained by EBSD measurements of pure
substrate (a) and Ni-Mn-Ga thin films with thicknesses of 0.6 pm (b) and 2.0 um (c). The images are obtained with different
magnifications shown with the scale bars of 200, 10 and 30 um for microstructures (a)-(c), respectively.

Ni-Mn-Ga/substrate film composites with two film thicknesses (b,c). Obviously, the grain structure and average
grain size of the films do not match those of the substrate: according to Fig.1, the average grain size of the film is
about one order of magnitude smaller than the one of substrate. The Ni-Mn-Ga films deposited on single
crystalline substrates with the same procedure described in this work, also show a polycrystalline state [6,7].
Nevertheless, in all these cases, the most important issue was that the films are crystallographically textured, and
the texture of polycrystalline films gives rise to a certain martensitic twin structure. The latter, in turn, can be a
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prerequisite of the occurrence of perpendicular magnetic anisotropy being one of the most important properties
for applications [2-4,6]. The poles figures in Fig.1 clearly demonstrate the cube-texture of the substrate (a),
whereas the 1.0 and 2.0 pum-thick films have a well-developed 220 fiber texture as evidenced from Fig.1(c).
Some non-defined texture components are observed for the film with thickness of 0.6 um, Fig.1(b). As a whole,
pole figures are in line with XRPD results mentioned in Sec.1.

In general, the structural and ferromagnetic transformations in the heat-treated well-ordered Heusler
alloys are readily detected by the anomalies on the temperature dependence of low-field magnetization [7,8].
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Fig. 2. Magnetisation curves measured at 20 Oe as a function of temperature for pure Ni-Cr-W substrate (a) and Ni-Mn-
Ga/substrate film composite with film thickness of 1.0 um.

This is demonstrated by the experimental curves in Fig.2. Whereas the pure substrate exhibits paramagnetic
behavior, Fig.2(a), the Ni-Mn-Ga/Ni-Cr-W thin film composites show a typical well-pronounced hysteretic
anomaly which reflects the presence of the martensitic transformation (MT) and the characteristic anomaly at
330 K which is an unequivocal signature of the Curie temperature, Fig.2(b). Due to the perfectly reversible
character of the martensitic transformation and the small temperature hysteresis width, it is hard to specify
characteristic temperatures of MT by the curves in Fig.2(b). Furthermore, similar to the situation with the
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Fig. 3. Typical examples of the change of magnetization of Ni-Mn-Ga/Ni-Cr-W thin film composite as a function of the
magnetic field measured at room temperature in the perpendicular to film plane direction (PE) and parallel to it (PA). The
film thickness is 2 pm. The Inset shows magnetisation versus magnetic field behaviour of substrate.

Ni-Mn-Ga/MgO(100) film composites [6], we did not find within the experimental limitations any film thickness
dependence of both the Curie temperature and MT temperature.
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Fig. 3 shows examples of magnetization loops measured in the perpendicular (PE) to film plane direction
and parallel (PA) to it. The magnetization behaviour of the pure substrate shown in the Inset is the paramagnetic
one. The magnetization curves of the films show typical values of the saturation magnetic field to be equal to
about 7.5 kOe and 2.0 kOe in perpendicular and paralle] measurements, respectively, for all the films. Note that
coercive field H, = 50 Oe was approximately the same for in-plane and out-plane configurations. Precise MOKE
measurements of partial magnetization loops have been carried out in the different in-plane directions in attempt
to find out an in-plane component of the magnetic anisotropy in the films. Such anisotropy component was not
observed, that is consistent with the fiber texture of the films.

Fig. 4 shows the magnetic domain structure of 2.0 pm-thick film imaged at zero applied field and room
temperature. Whereas a worm-like domain pattern similar to that shown in Fig.4 is also revealed for the 1.0 pm-

Fig. 4. MFM image of the domain pattern for NiMnGa/Ni-Cr-W martensitic film composite. The film thickness is equal to
2.0 um. The frame size of image is 10x10 pm?.

thick film,the MFM images were very irregular and fuzzy for the 0.6 um film. The latter facts can be attributed
to the influence of the aforementioned specific texture properties observed for this film.

Domain patterns as such shown in Fig.4 are normally produced by the perpendicular component of the
macroscopic magnetization directed up and down, perpendicular to the film surface. This component is caused
by the 220 fiber texture and a preferable orientation of martensitic variants with easy-magnetization c-axis
inclined to the film plane by 45° [3,4,6].

The perpendicular magnetic anisotropy energy of the studied textured films consists of several
competitive constituents such as magnetocrystalline anisotropy, stress-induced anisotropy and magnetostatic
energy due to the film shape. Numerical estimations made for films of the same Ni-Mn-Ga composition,
deposited on different substrates, show that the sum of the former two anisotropies is essentially larger than the
magnetostatic contribution [3,6,14]. In analogy to the previously studied films, one can assume a definite
actuation capability of the present film composites. As a further step to demonstrate that the actuation really
occurs, we are currently measuring the magnetostrain as described in Ref.[2].

In summary, a new series of martensitic Ni-Mn-Ga films deposited on Ni-Cr-W cube-textured substrate
have been fabricated. The basic microstructural and magnetic characterization of this series of film composites
revealed their potential for the magnetic microactuator applications.
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