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Ni-Mn-Ga magnetic shape memory alloys are considered to have a high potential for
new actuating devices and sensors. The large magnetic-field-induced strain (6-9%) observed
in these alloys is caused by magnetic-field-controlled twin boundary motion [1], [2]. For
understanding the mechanism of twin boundary motion and the correlation between
microstructure and magnetic domain structure a comprehensive characterization of
microstructure as well as magnetic structure is required. Here we report on application of
electron holography in addition to conventional transmission electron microscopy and
Lorentz TEM for the characterization of a polycrystalline NisyMn3Gayg alloy.

While the conventional in-focus bright-field image shows the twin-band
microstructure of the martensitic material (Figure 1a), the strongly defocused Lorentz image
of the same sample area (Figure 1b) shows the magnetic domain walls as bright and dark
lines. Two types of magnetic domain walls are observed: 1) walls that coincide with the twin
boundaries, and 2) walls that run through the twins and form a typical zig-zag pattern when
they cross the twin boundaries.

In order to get more information on the magnetization distribution inside the domains
we apply electron holography. The reconstructed phase image (Figure 2b) gives a coarse
impression of the magnetization distribution projected into the recording plane. However, the
phase image also contains information on thickness variations. Since we know from the
amplitude image that the investigated sample area is not completely flat but slightly wedge-
shaped, a thickness correction as suggested in [3] was applied. From the thickness-corrected
phase image one can calculate a gradient image that shows the shape of the domains and the
direction of the magnetization in the domains [4]. From the phase gradient image (Figure 2c)
we conclude that the domain walls within the twins are 180° walls.
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Figure 1. a) In-focus bright-field image of the twin-band microstructure, twin-boundaries
(TB) are marked by arrows. b) Lorentz image (underfocus) showing magnetic domain walls
as bright and dark lines. Domain walls appear at the twin boundaries (1) and within the twins
(2). ¢) Subimage from image b) revealing interference fringes in the bright lines.

Figure 2. Analysis of domain walls within a broad twin-band. a) Lorentz image (overfocus)
showing the position of hologram acquisition marked by the box. b) Reconstructed phase
image containing information about the magnetization and the thickness variations. ¢) Color-
coded gradient image calculated from the thickness-corrected phase image. The color wheel
indicates the direction of magnetization. In neighboring domains the direction of
magnetization changes by 180° as indicated by the arrows.
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