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Ferroelectric domains, surface termination, average
lattice parameter and bilayer thickness were moni-
tored by in-situ x-ray diffraction during the growth of
BaTiO3/SrTiO3 (BTO/STO) superlattices by off-axis
RF magnetron sputtering. A new x-ray diffraction tech-
nique was employed which makes effective use of the cus-
tom growth chamber, pilatus detector and synchrotron
radiation available at beamline X21, NSLS, BNL. The
technique allows for scan times substantially faster than
the growth of a single layer of material, allowing contin-
uous monitoring of multiple structural parameters as the
film grows. The effect of electric boundary conditions
was investigated by growing the same superlattice alter-
natively on STO substrates and 20nm SRO thin films
grown on STO substrates. The growth rate was cali-
brated using X-ray reflectivity like in2.

FIG. 1. The figure shows a schematic of the experimental
setup and the diffractometer angles. The detector is repre-
sented by a snapshot of the data together with the detector
coordinate system.

To increase the scan speed to be faster than the growth
of one single unit cell layer of material a new scanning
technique was employed. The angular integration mode
from SPEC called powder mode is used to integrate over
the rocking curve of a single crystal. This allows to in-
tegrate the exposure of the detector while the θ angle is
rocked. An example of the taken data is shown in Fig.
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2. One can see one single image taken during the exper-
iment and labels of the observed features. These can be
assembled into continuous movies which allow the obser-
vation of the evolution of diffraction features during the
growth.
Area scans can be split into two main line scans. The
first scan is along the qz direction which is a horizontal
line in Fig. 2. A plot along this line together with a
fit to the data and basic superlattice X-ray diffraction
analyzes is shown in Fig. 3. Fitting for superlattice X-
ray diffraction is described in3. From the fit one can
determine surface termination, average lattice parameter
c̄ and bilayer thickness. Fig. 4 shows a plot of c̄ against
the total superlattice thickness. One can see that all su-
perlattices show a larger tetragonality than one would
expect from the known elastic constants for BTO and
STO if the samples are paraelectric. This could be ex-
plained if the sample is ferroelectric with a out-of-plane
component. Furthermore c̄ is larger for the sample grown
on a SRO bottom electrode which would suggests a larger
polarization of the superlattice grown on a SRO bottom
electrode.

FIG. 2. One single detector image is shown with explanations
of the main features one can observe in each scan.

The second line scan is along the qx direction which is
vertical in Fig 2. The most interesting line for qx is in the
region where one can observe diffuse scattering. This dif-
fuse scattering is a sign of periodic in-plane features. For
ferroelectrics one possible explanation would be stripe
domains. This diffuse scattering is shown in Fig. 5, as
a vertical cut through the first superlattice peak. The
shown data was rescaled to be able to compare the shape
of the diffuse scattering for the early stage(7 bilayers)
and the end stage(25 bilayers). The rescaling was done
by dividing the data by the peak diffuse scattering inten-
sity.

This shows that diffuse scattering gets more intense
while the superlattice grows but the average domain size
does not change with the square root of the total super-
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FIG. 3. The figure shows a CTR along (0,0,l) and basic su-
perlattice X-ray diffraction analysis. Furthermore a fit to the
superlattice is shown. The fit is used to determine the super-
lattice characteristics.

FIG. 4. This plot shows the average out of plane lattice pa-
rameter c̄ of the superlattice. The blue curve is c̄ for a 2/6
BTO/STO grown on STO and the red curve is the same su-
perlattice grown on a SRO electrode. The sample grown on
SRO has a larger c̄ which suggests a larger polarization. The
brown curve would be the expected c̄ for a 2/6 BTO/STO su-
perlattice without any polarization. The purple curve shows c̄
for a 1/7 BTO/STO superlattice grown on STO and the yel-
low curve is the expected c̄ for the same superlattice without
any polarization.

lattice thickness. This suggests that the polarization in
the sample is not homogeneously polarized in the out of
plane direction. This could be due to closur domains,
which are predicted for ultrathin BTO/SRO capacitors1.
One can write and read domains on the sample using
Piezo force microscopy (PFM) which suggests that there
is still some cross talk between the different BTO layers.
This means that the samples have most likely a mixed
stated between closure and stripe domains where the out
of plane polarization in the STO is smaller than in BTO.
Fig. 6 shows a schematic of the mixed domain state. A
similar behavior was found for PTO/STO superlattices
with only 3 or 4 unit cell layers of PTO per bilayer4.

FIG. 5. In the figure one can see a cut along the h direction
through the first superlattice peak for two different super-
lattice thicknesses. The data was rescaled using the domain
peak intensity to show that only the absolute intensity of the
diffuse scattering changes with time but the distribution does
not change. This means that the domain size does not change
with thickness.

FIG. 6. schematic of ferroelectric domains inside the
BTO/STO superlattices.

Besides the fundamental knowledge gained from these
studies, being able to monitor the structural parame-
ters of a growing ferroelectric superlattice at this level
of detail provides numerous insights which can guide the
growth of higher quality ferroelectric superlattices in gen-
eral.
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