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Ferromagnetic shape memory alloys (FSMAs), such as Ni2MnGa and Co2NiGa, exhibit a thermoe-
lastic martensitic transformation similar to conventional shape memory alloys [1]. While the me-
chanical aspects of this transformation have been studied extensively, the microstructural aspects of
the magnetic domain structure and its evolution during the martensitic transformation have not been
documented. In this study, we have explored the dynamics and reversibility of the magnetic domain
structure of Ni2MnGa by means of in-situ Lorentz Transmission Electron Microscopy (LTEM).

Stoichiometric Ni2MnGa has a Curie temperature of 376 K and a martensitic temperature Ms = 202 K
[1]. Its high temperature austenitic phase has a Heusler (L21) structure and a low magnetocrystalline
anisotropy, while the low temperature martensitic phase is tetragonal with a high magnetocrystalline
anisotropy [2]. In this study, an off-stoichiometric composition of Ni2Mn1+xGa1−x (x = 0.08, Ms =
260 K) was chosen because of its near room temperature transformation. In-situ LTEM studies were
performed using a Tecnai F20 field emission microscope equipped with a Lorentz piece and a Gatan
double tilt liquid nitrogen cooling holder (1◦ C /min). All thin foils were prepared by electropolishing.
Fresnel (out-of-focus) images were recorded using a CCD camera through a Gatan Imaging Filter
operated in zero loss mode with a 14 eV energy selecting slit.

Fig. 1 shows typical Fresnel images (underfocus mode) of the magnetic domain structure in both the
austenite and martensite phases. The white and the dark contrast (indicated by the arrows) represents
the magnetic domain walls. While the austenite phase (Fig. 1(a)) displays curved domain walls, in
accordance with its low magnetocrystalline anisotropy, the martensite phase (Fig. 1(b)) shows much
straighter domain walls, in agreement with its high magnetocrystalline anisotropy. Note the presence
of domain walls coinciding with the twin boundaries as well as jagged domain walls running across
the twin domains. The austenitic phase in Fig. 1(b) has not yet completely transformed to martensite.

Fig. 2 (a) through (c) show Fresnel (underfocus) images of the magnetic domain structure during
cooling. As the sample is cooled below Ms, the martensite plates begin to form and the domain walls
rearrange themselves, as dictated by the magnetocrystalline anisotropy of the martensite phase. As
the sample is heated back to room temperature (Fig. 2 (d) through (f)), the plates retrace their path
confirming the thermoelastic nature of the martensitic transformation. In addition to the structural
reversibility, it can be seen that the magnetic domain configuration also reverts back to the same shape
(compare the arrowed locations in Figs. 2(a) and (f)), signifying that the domain structure is completely
reversible. The origin of this reversibility is currently under investigation. It is also interesting to note
that upon approaching the martensitic transformation temperature from above, both structural tweed
image contrast and magnetoelastic tweed contrast are present.
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Figure 1. Fresnel (underfocus) images of austenite and partially transformed martensite. Magnetic 

               domain walls are arrowed.

Figure 2. a)-c)  Magnetic domain structure at different temperatures during cooling; d)-f) Domain 

                structure during heating.  Domain structure reversibility  is shown by arrows. 
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