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Understanding the interactions between magnetic domain walls and twin boundaries in multiferroic
materials is of great significance, since such interactions can lead to interesting material properties; for
example, the large magnetic field induced strain (=~ 10%) observed in the ferromagnetic shape mem-
ory alloy Ni;MnGa [1] is due to the intricate interplay between magnetic domains and twin variants.
The high spatial resolution achievable in dedicated Lorentz instruments is especially advantageous to
study magnetic domains in materials with very fine microstructural features, such as martensitic twins.
When combined with phase reconstruction algorithms, the Fresnel (of out-of-focus) mode of Lorentz
TEM (LTEM) makes it possible to obtain a projection of the magnetization inside the sample [2]. Since
the sample sits in a field-free region inside the microscope, LTEM can be used to study the domain
structure in the demagnetized state. It is also possible to apply a magnetic field inside the microscope
to study the dynamics of domain walls. In the past, such studies have been carried out by exciting
the objective lens [3]. However, this method applies a field parallel to the electron beam. With the
introduction of in-situ magnetizing holders, a field of known magnitude can be applied perpendicular
to the electron beam and the domain structure evolution can be studied in both the demagnetized and
magnetized states.

In the present study, an in-situ magnetizing holder designed by Hummingbird Scientific was used on a
JEOL 2100F dedicated Lorentz microscope operated at 200 kV to study domain wall dynamics in the
martensitic state of a FeggPd3oCo, alloy. Under zero applied field, two different types of domain walls
were observed (Fig. 1): 1) walls that coincide with the twin boundaries of the underlying martensitic
microstructure and 2) walls that run across the twin boundaries. Under the application of the magnetic
field, the domain walls of the second kind were observed to move first. An applied magnetic field of
just over 10 Oe was sufficient to move these walls, which were not pinned by the twin boundaries.
An applied field of more than 300 Oe, however, was insufficient to move the walls coinciding with
the martensitic twins. The changing magnetization distribution with applied magnetic field was de-
termined from phase reconstruction results (Fig. 2), which clearly indicate that the domains that are
unfavourably oriented with respect to the applied magnetic field become smaller and are eventually
eliminated. It was also observed that the domains in adjacent twin bands are related by a 90° rotation
of magnetization direction. It can be concluded that the magnetic domains inside the twin variants
are strongly tied to the underlying twin structure, which explains the strong pinning effect of twin
boundaries on the magnetic domain walls. Additional domain wall — twin boundary interactions will
be described.
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Figure 1: (a) Fresnel over-focus image of twinned microstructure in FeggPdsgCoso at zero applied field H 4.
White arrows point to walls coinciding with twin boundaries; dark arrows indicate mobile walls. (b) The same
region of the foil at H4 = 15 Oe. Black arrows indicate the direction of motion of domain walls. (c) At
H 4 = 23 Oe, walls pinned on twin boundaries still persist (indicated by white arrows).

Figure 2: Magnetic induction color maps obtained by phase reconstruction of Fresnel images: (a) At H4 = 0
Oe, (b) H4 = 15 Oe, (¢) H4 = 23 Oe. (d) White arrows in the legend (d) indicate the direction of the induction
corresponding to a particular color. The black arrow indicates the direction of the applied field.
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