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Coupling between ferroelectric and ferromagnetic properties in multiferroic materials allows for novel
ways of manipulating storage and data information. The Aurivillius phase BigTi,Fe,Mn,0,4 (B6TFMO)
system is a rare example of a multiferroic exhibiting room-temperature (RT) properties. For example,
thin films of B6TFMO materials possess saturation magnetization (Ms) up to 215 emu/cm? [1] and

exhibit magnetic-field-induced ferroelectric domain switching at RT. Aurivillius B6TFMO materials
offers a naturally layer structured system in layers of 5 ferroelectric perovskite blocks (PK) enclosed

between dielectric (Bi202)2+ fluorite-type layers, as presented in Figure 1. Previous reports showed

partitioning of magnetic Mn/Fe cations towards the central perovskite layers, which is critical to RT
long-range magnetic order [2]. Defects such as out of phase boundaries (OPBs) and stacking faults can
influence the extent of magnetic cation partitioning, influencing B6TFMO’s multiferroic properties
[2,3].

In this work, we combine imaging and spectroscopy techniques to investigate structural defects and
interfaces in B6TFMO thin films and their impact on local chemistry. B6TFMO thin films were grown
by direct liquid injection chemical vapor deposition (DLI-CVD) on miscut sapphire (0.2°-10°)
substrates. Direct observation of resultant B6TFMO films is performed using aberration corrected
scanning transmission electron microscopy (STEM) in various imaging modes. Figure 2a shows a high
angle annular dark field (HAADF)-STEM image confirming the Aurivillius layered structure with OPBs
and stacking fault defects. Additionally to these defects previously reported [2], layered antiphase
boundaries (APB) are present in some regions of the film. In these regions, the Aurivillius layered
structure is replaced by PK enclosed between translational interfaces as shown in Figure 2b. These
interfaces are constructed by anatase-like chains of edge-sharing BO, octahedra. Nanorod structures

were also observed inside PK in these layered APB areas. These type of perovskite-anatase intergrowths
and nanorods have previously been reported in similar systems [4-6].

Furthermore, HAADF-STEM imaging is complemented with integrated differential phase contrast
(iDPC)-STEM imaging and electron energy loss spectroscopy (EELS) - spectrum imaging (SI). iDPC
enables the observation of light elements and reveals the tilted nature of the octahedra within the
B6TFMO structure. EELS-SI, using a direct electron detector K2 camera, is performed to further probe
magnetic cation environments through the Aurivillius structure and defect regions. Combining these
imaging and spectroscopy analysis, with polarization vector mapping, will additionally discuss the
influence of interfaces and defects in the local chemistry and ferroelectric behavior within B6TFMO [7].
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Figure 1. Schematic of the crystal structure of B6TFMO projected down [110].
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Figure 2. HAADF-STEM images of B6TFMO film along the [110] direction. (a) Region presenting the
Aurivillius structure interrupted by OPBs and stacking faults. (b) Region with layered antiphase
boundaries (APB), showing perovskite block (PK) — anatase-like layer structure and two nanorods inside
the PK. The orange arrows point to the position of the OPBs and the rectangles indicate stacking fault

regions.
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