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Imagine reshaping the internal structure of a material to control its magnetism—this is
exactly what we're doing with Heusler films, leading to smarter, more adaptable magnetic
technologies.

Magnetic shape-memory (MSM) Heuslers are multiferroic materials that show a strong
coupling between magnetic, thermal, and mechanical properties. Their multifunctional
character arises from a phase transformation between low-temperature martensitic and high-
temperature austenitic phase [1]. In particular, epitaxial Ni-Mn-Ga thin film systems are the
benchmark for possible integration in smart micro/nanodevices such as sensors, energy
harvesters, and actuators [2].

The ability to control the martensitic microstructure, which rules the magnetic characteristics
of these films at different length scales, is the key point for the optimization of their magnetic
functional properties. The low-temperature martensite phase of epitaxial Ni-Mn-Ga films,
having film(001)//underlayer(001)//substrate(001) crystallographic relation, evolves either of
both or one of the differently oriented hierarchical twinning configurations, where magnetic
domain direction is alternatively out of plane and in plane (X-type) or in plane (Y-type).
Different arrangements of these twinning configurations give rise to various magnetic
properties [3]. The idea of controlling these twinning configurations in Ni-Mn-Ga films was
developed in Parma a few years ago. Since then, we have introduced novel methods for
martensitic microstructure engineering by including many parameters such as composition,
thickness, underlayer/substrate, growth conditions, and post-growth treatments [4-10].

Here, | will present a short introduction to the material functionality and characteristics, then |
will continue with an overview of the microstructure engineering methods we have developed,
and I will conclude with the recent advancement in this interesting topic.
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