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Report: The aim of the project was investigating the switching effects in ultrathin ferroelectric BaTiO3 (BTO)
films, concentrating on the polarization and relaxation dynamics under external electrical field. In particular, the
experiment was focused on the mechanism of homogeneous polarization switching. This mechanism is not fully
understood so far and must function without domain formation, in contrast to the well known Kolmogorov-Avrami-
Ishibashi (KAI) model, which is typical for thicker (> 10 nm) films and bulk crystals.

The experimental setup relied on the cutting-edge hardware environment available at the ID0O1 beamline. The
measurement procedure combined micrometer large focused beams with resonant Bragg diffraction measurements at
specially chosen X-ray energies, at which the scattered beam intensity is most sensitive to the polarization of the BTO
lattice. To implement polarization switching, the samples had a specially prepared patterned structure of top
electrodes, while the external voltage was applied through the cantilever of an atomic force microscope that was fixed
to a quartz tuning fork (Fig.1)
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Figure 1: Sketch of the sample with patterned electrodes and the in-situ AFM (left) which was used at
beamline IDO01 for imaging of the electrodes as well as for voltage application. On the right the formation
of different domain shapes as a result of alternating voltage is shown.



The main aim of the project could not be reached for reasons beyond our control: the vertical drive of the AFM
appeared to be less precise than necessary for the task and perforated the samples with sub-10 nm thickness.

However, the results obtained during the calibration measurements on thicker films demonstrated that the approach
can be reliably used as a non-invasive tool for measurement of ferroelectric switching in ultra-thin films: after landing
the AFM tip on an electrode, we monitored the Bragg intensity of the 001 reflection at an energy of 5000 eV where a
relatively large contrast of 8% for polarization reversal was expected. In parallel, a square wave-shaped, periodic,
alternating voltage was applied between AFM tip and platinum buffer layer with different voltages in the range of
1...4 V which corresponds to a field of 33...133 MV/m for the 30 nm film thickness. The intensity was accumulated
over a large number of electric field cycles and the average is shown for different voltages in Fig. 2.
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Figure 2: Intensities measured during a large
number of alternating, square wave-shaped
electric field cycles averaged for intervals of
constant voltages.
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The observed curves can be directly
attributed the effect of domain wall
propagation, as described in the KAI theory.
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O = 1- [(t-t0)/T +1]*exp(-(t-ty)/ T), where t > t, is the time t is the time of voltage reversal and t is the characteristic
switching time. The intensity is then obtained via I(t) = I(0)+[I(1) — 1(0)]-O(t). The switching times are shown as a
function of absolute applied voltage and classified as slow and fast component in Fig. 3. The asymmetric behavior can
be understood since one polarization state is more stable depending on the initial (monodomain) state of the BTO film.
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T I I I Figure 3: Characteristic decay times as obtained
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The approach developed in this project proves to be very effective for observation and precise characterization of
lattice polarity switching in ultra-thin single crystalline ferroelectrics. Quantitative information on the domain wall
propagation velocity and its dependence on film thickness and applied voltage can be used to obtain main
thermodynamic parameters that control the switching dynamics in thin ferroelectric oxide films.



