FULL 180° MAGNETIZATION REVERSAL of PLANAR Ni MICROPARTICLES WITHOUT MAGNETIC FIELD
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One of the methods for recording information on magnetic media is based on changing the magnetization direction of a single magnetic particle. It is convenient for data processing if under standard conditions such a particle has 2 possible directions of magnetization differing by 180°. Then, one of these states can be assigned as 1, the other as 0. The simplest way to achieve such magnetization behavior is to elongate the particles along a specific, pre-selected direction and perform the recording by magnetic field [1]. For stable information storage over time, a high coercive force is required, and therefore rewriting requires comparatively large energy. This energy can be reduced by using the magnetoelastic effect that occurs during uniaxial deformation [1]. The effect can be created by using as a substrate: (1) single crystals with an anisotropic coefficient of thermal expansion [1, 2]; (2) ferroelectric crystals [1, 3]. When the temperature changes, the substrate of the first type expands or contracts unevenly along its axes, which leads to anisotropic deformation in the particle. As a result, uniaxial magnetic anisotropy is induced, and if it is not collinear with the magnetization, the latter can change direction. A similar case occurs on substrates of 2nd type when an electric potential is applied. However, due to symmetry reasons, the magnetization direction cannot be rotated by more than 90° using this approach. A 180° rotation can be achieved either by using an additional external magnetic field or by 2 successive rotations at angles close to 90°.
In the latter case, it is necessary to use particles with more than two stable magnetization states, between which successive switching is performed. In [4], using a four-petal planar Ni particle on a ferroelectric substrate, the possibility of rotating the magnetization direction by 180° through two successive rotations by 90° was demonstrated. 

In this work, the rotation of the magnetization direction by 180° in planar Ni particles solely by the thermally induced magnetoelastic effect was investigated. A single-crystal lithium triborate (LiB3O5, LBO) with different thermal expansion coefficients (αx = 10.8×10-5 °C-1, αz = 3.4×10-5 °C-1) was used as the substrate. Ni polycrystalline square particles with shape anisotropy in the form of concave sides and rounded corners were formed on the substrate (Fig. 1a). The concavity of the sides (the ratio of the particle size in the narrowest part to its lateral size, i.e., the length of the side of the square into which it could be inscribed) was 32%. The particles had a polycrystalline structure, a thermal expansion coefficient αNi = 1.3×10-5 °C-1, and a Young's modulus of 310 GPa, so for every degree of increase or decrease temperature, uniaxial tension or compression equivalent to 15.5 MPa was induced. The lateral size of the particle was varied from 0.4 to 5 μm with a step of 0.1 μm, the height was 30 nm. The angle between the deformation axis and the nearest particle easy magnetization axis (EA) was fixed at 15°(Fig. 1a). The particle sizes were sought at which serial tension and compression of 310 MPa (corresponding to heating and cooling by 20 °C, respectively) lead to magnetization reversal. The OOMMF software package was used for simulation [5]. It has the following stages. For each particle size, the equilibrium distribution of magnetization in the absence of deformation (K1 = 0 J/m3) was simulated (Fig. 1b). This magnetization distribution was taken as the initial one; the average magnetization direction (M) with respect to the X axis was 15°, and it coincided with the EA. Then, the equilibrium distribution of magnetization under uniaxial tension of 310 MPa (K1 = 16 kJ/m3) was calculated (Fig. 1c), which corresponded to heating by 20 °C. The results showed that vector M rotated by 75°, and the angle between M and the X axis became 90°. Then, cooling the system to the initial temperature (K1 = 0) was simulated. In this case, M rotated by another 15°, and thus, the angle between M and the X axis became 105° (Fig. 1d). Next, particle compression due to cooling by 20 °C was simulated (K₁ = -16 kJ/m3), which led to M rotating by another 75° (Fig. 1e). Successive heating of the sample to the initial temperature (K1 = 0) led to M rotating by another 15°, i.e., the direction of the particle magnetization became opposite to the initial one. For the studied particles, rotation was observed in the range of lateral sizes from 0.33 to 0.94 μm.
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Fig. 1. (a) –particle used for modeling, dashed lines denotes the EA. Sequential changes in the magnetic structure of a Ni particle on LBO with changing sample temperature: initial state at 30 °C – (b), after heating to 50 °C – (c), after cooling to 30 °C – (d), after cooling to 10 °C – (e), after heating to 30 °C – (f). 1 – magnetization distributions modeled in OOMMF, 2 – corresponding virtual MFM images. X is the axis of deformation. The scale bar is 0.5 μm. M denotes the total magnetization vector.
Thus, the possibility of reversal the direction of quasi-uniform magnetization of a particle solely due to the thermally induced magnetoelastic effect was demonstrated. The reversal process is feasible in planar particles of a certain size range, with shape anisotropy and EA rotated relative to the extension/compression axis. Four successive stages are required: heating above the initial temperature, cooling to the initial temperature, further cooling below the initial temperature, and heating back to the initial temperature. Each of these stages leads to a rotation of the average magnetization of the particle by an angle less than 90° in the same direction. The result of this process is a stable distribution of magnetic moments, rotated by 180° relative to the original. 
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