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The study of multiferroics is a burgeoning field of inquiry [1], partially owing to the hope of
exploiting the magnetoelectric effect to permit rapid control of magnetic domain orientation via an
applied electric field. Extrinsic multiferroic devices can be fabricated by layering ferroelectric and
ferromagnet materials [2] whereby magnetoelectric coupling occurs via a strain-mediated
mechanism. Magnetic properties of the structure are also dependent on strain. [3] Relationships
between local chemistry, strain, and dislocation cores have been reported. [4] An improved
understanding of strain-dependent coupling, interfacial chemistry, and misfit dislocations at the
ferroelectric/ferromagnetic interface may allow for the development of models that predict device
behavior and failure under an applied electric field.

In these studies, thin films of the ferromagnetic perovskite Lag 67519 33MnO (LSMO) are deposited on
thin films of the ferroelectric perovskite Pbg 20Zry 30 T103 (PZT) via pulsed laser deposition (PLD).
Figure 1 shows the deposition sequence of the structures. Strontium titanate (SrTiO;) in the (100)
orientation serve as the substrate and SrRuQs is deposited as a conducting bottom electrode. The
thickness of the PZT is varied between 20nm and 50nm while the thickness of the LSMO is
constant. Top and bottom conducting electrodes allow for complementary in-sifu biasing studies. [5]
A HR-TEM image showing the LSMO/PZT and PZT/SRO interfaces is shown in Figure 2. The
lattice constant of the PZT at the PZT/LSMO interface depends on the PZT thickness, thus the
interfacial strain and the strain in the PZT and LSMO layers is varied by controlling the thickness of
PZT.

Aberration-corrected, atomically-resolved STEM-EELS and Z-contrast imaging are applied to
characterize the local chemistry and defect structure at the ferromagnetic/ferroelectric interface.
Strain plays a vital role in determining the concentration and type of interfacial defects and is a
crucial variable in defining the magnetoelectric coupling and exchange bias in the system as well as
the nucleation, propagation, growth, and hysteresis behavior of ferromagnetic domains.

The ability to control magnetic orientation via magnetoelectric coupling may be doomed by high
concentrations of misfit dislocations at the ferromagnetic/ferroelectric interface. Such an interface is
anticipated to have a non-uniform electric field distribution. STEM-EELS allows for the electronic
and chemical structure of dislocation cores to be studied at the atomic level and makes it possible to
measure the diffusion of specific atoms in and around a dislocation core. The question of where
oxygen atoms sit in relation to a dislocation core and how cations and oxygen vacancies distribute

https://doi.org/10.1017/51431927611007781 Published online by Cambridge University Press


https://doi.org/10.1017/S1431927611007781

Microsc. Microanal. 17 (Suppl 2), 2011 1383

may ultimately determine the device properties. A better understanding of the phenomena and
structure at the interface between ferroelectric and ferromagnetic materials is reported.
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Figure 1: Schematic of multiferroic thin film structure fabricated by pulsed laser deposition on STO
(100) substrate.

Figure 2: HR-TEM image of Lag ¢7S1033:MnO (LSMO) deposited on Pbg20Zr 30TiO3 (PZT).
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