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Barium titanate (BaTiO3) stays in focus of scientific and technological interest due to its unique
combination of ferroelectric, pyroelectric and optical properties. These properties origin in the po-
lar kind of the distorted pervovskite-like BaTiO3 structure. The titanium atom is shifted from the
octahedron center towards one of the oxygen atoms resulting in a permanent polarization. These ef-
fects can serve as a basis for novel electronic devices such as non-volatile memory cells or tunable
capacitors, as well as in infrared sensors, optical beam modulators, higher harmonic generators,
etc. All envisioned applications rely on the properties and switching of ultra-thin single-crystalline
BaTiO3 films [1]. While the behavior of bulk BaTiO3 is well known, the understanding of the phys-
ical effects at the nano-scale is yet lacking and stays in focus of many research groups. In particular,
at film thicknesses less than the typical diameter of the ferroelectric domain nucleus the nucleation-
limited mechanism is believed to be replaced by a homogeneous switching. Within first steps of our
investigation of the switching dynamics of BaTiO3 ultra-thin layers we performed resonant elastic
x-ray scattering (REXS) measurements to determine the absolute, initial polarization state. The
samples are 10nm thick single crystal BaTiO3 layers heteroepitaxially grown on Pt-coated MgO
substrates [3]. The method is based on the breakdown of Friedel’s law in the resonant scattering
regime where the atomic scattering amplitude becomes substantially complex.

f(E, ~q) = f 0(~q) + f ′(E) + i f ′′(E) (1)

Thus the intensities of opposing Bragg reflections are different and the upwards and downwards
polarized states can be distinguished. While the intensities differences are usually small (up to
10%) and the measurement of absolute values is difficult in practice, the progression of the intensity
vs. photon energy curve can differ strongly at absorption edges. From these measurements the real
and imaginary part of the fine structure of the atomic scattering length can be deduced using an
iterative approach involving Kramers-Kronig transformation which is described also in literature
[2]. The goal is to find an pair of functions f ′ and f ′′ for the resonant atom that describe the
measured intensity and fulfill the Kramers-Kronig relations

f ′(E) =
2

π
P

∫ ∞

0

E ′f ′′(E ′)

E ′2 − E2
dE ′, f ′′(E) = −2E

π
P

∫ ∞

0

f ′′(E ′)

E ′2 − E2
dE ′. (2)

Later the resulting curves can be cross-cheched taking tabulated curves or fluorescence data.
The REXS measurements were performed at beamline BW1 of the former DORIS III synchrotron.
We recorded the 00l, l ∈ {1, 2, 3} reflection intensities of different BaTiO3 thin film samples
at photon energies in the vicinity of the Ti-K and Ba-L edges. The fluorescence intensity was
monitored in parallel using a Ketek silicon drift detector. First data treatment involves a rescaling
of the Bragg intensities to meet the theoretical values in the “smooth” energy regions far as possible
from the absorption edge position (see Fig. 1).
The same is being applied to the fluorescence data to extract the absorption fine strucure and, thus,
the imaginary part f ′′ of the titanium and barium scattering length. From this starting point the
iterative Kramers-Kronig algorithm is performed. In contrast to [2] the inital step has been slightly
modified for the present problem. Instead of solving either the equation Imeas(E) = Isim(f

′(E))
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Figure 1: Measured Intensity of the 001 Bragg re-
flection (black), the progression according to tabu-
lated values (red) as well as the anchor points used
for rescaling.
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Figure 2: Two different approaches to find solu-
tions for the complex atomic scattering amplitude f .
Right: changing real or imaginary part, left: chang-
ing real and imaginary part while keeping the phase
constant.

or the same for f ′′ if the latter has stronger influence, the intensity is scaled leaving the phase of the
structure amplitude constant. This results in changes of both real and imaginary part of the atomic
scattering length and circumvents problems when intensities are low and going along a direction in
the complex plane other than towards the origin most probably does not lead to the intensity which
is aimed for (illustrated in Fig. 2).
As a second step either the real or the imaginary part of the scattering amplitude is calculated via
Kramers-Kronig transform, depending on which one has been changed less in the first step. Finally
these steps are repeated until the result converges. This procedure can also be applied to structures
lacking inversion symmetry like in the present case. It takes more iterations than the original one
described in [2] but is more robust in cases of low intensities like described above. As an example
the resulting fine structure of f ′ and f ′′ derived from the 001 reflection are shown in Fig. 3. Further

Figure 3: Results of extracting the imaginary part f ′′ of the atomic scattering amplitude of titanium (left)
and barium (right) from fluorescence as well as the iterative algorithm. A better agreement for the model of
a downwards shifted titanium atom (green) can be observed.

evaluation of higher order reflections and for differently prepared samples is a matter of ongoing
work. One can see that the spectra obtained via the iterative Kramers-Kronig procedure are slightly
more pronounced than the one taken from fluorescence which can be a result of self absorption.
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