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Our goal was to check the possibilities of the HighResDiff -P08 beamline for thin film diffraction 
studies on ultra-thin films of perovskite oxides, in particular ferroelectric thin films of PbTiO3 and 
BiFeO3. We set to compare PetraIII-P08 with DORIS-W1, a beamline that we have often used and 
that we know very well. The reasons why we applied for beamtime at P08 are the following:  

1)Even though some of these experiments can be performed at W1, due to the smaller thickness of 
these films, the large flux of P08 would be largely beneficial; 2) Moreover, at W1 we were not able 
to resolve the two-in plane lattice parameters of the single-crystal substrate ( a= 3.947 Å and b= 
3.952 Å), when working in grazing incidence geometry, and thus we were not able to resolve the 
expected orthorhombicity of the films. We hope that the high resolution of P08 will make that 
possible. A combination of both regular diffraction and GID is desirable to fully characterize the 
ferroelectric state and the thin film symmetry; 3) The smaller beam achievable at P08 would be of 
great use in the in-situ E-field experiments. 4) The better coherence of P08 in comparison with W1 
will also be useful in order to characterize the registry of the periodic domain structures.  

During this beamtime we wanted to address points 1) and 2). However, we struggled with computer 
problems that, together with our lack of experience in this beamline, hampered our productivity and 
flexibility to change energy or beamsize along the process.  

 

Figure 1: Comparison of X-ray reflectivity experiments at the Doris-W1 (red) and Petra III-P08 (black). The 
current at Petra was 74 mA (3-10-2010). 

In figure 1 two reflectivity curves of a 10 nm ferroelectric BiFeO3 thin film grown on a (001)-SrTiO3 
substrate by pulsed laser deposition are shown. The reflectivity data were gathered on the same sample both 
at the Doris-W1 and Petra III-P08 beamlines, with x-ray energies of 10.5 keV and 9.5 keV, respectively. The 
anomalous scattering factors of Bi at these energies are, respectively, f’= -6.007; f’’= 5.858 and f’= -5.359; 
f’’= 6.919. The measurements at P08 were performed with a Petra current of 74 mA (a 25% smaller than the 



expected standard running currents) and with a small beam of 0.35mmx0.8mm; while the beamsize at W1 
was of  2mmx0.2mm  It can be seen that the measured reflected intensities are comparable, despite the 
smaller beam size at P08, and that the signal-to-noise is improved significantly at P08.  

Figure 2. Sketch of the P08 beamline including the names of the relevant motors. 

 

Accessibility of the reciprocal space. 

Due to the smaller size of our substrates (5mmx5mm) we needed to modify the standard wide sample holder 
available at the beamline. A small rod-like holder that fits in the goniometer of the beam alignment pin was 
used.  

At the P08 beamline the out-of-plane off-specular reflections are inaccessible with the standard geometry: At 
the used energies, a material with a typical unit cell lattice constant of 3,95 Å gives a (101) reflection at tt= 
27˚ and om=58.5˚. This reflection is blocked by the omega circle (see beamline sketch in Figure 2). The 
omega circle blocks the beam for omega angles above ~45˚. Two higher order off-specular reflections, 102 
and 103, have angles in omega of 48˚ and 49˚ respectively and are, thus, also out of reach.   

In order to overcome this problem, we will make a new holder to have the sample surface vertical 
(perpendicular to the omega rotation axis). The out-of-plane scattering planes can then be sampled using the 
omega-horizontal and tt-horizontal circles. In this geometry the disadvantage is the lack of phi-rotation 
(azimuth) but both the 113 and 103 reflections are accessible. The tt-horizontal motor has less freedom than 
the vertical tt: The 101 and 103 Bragg peaks (with tt of 27˚ and 31˚, respectively, for the used energy) are 
reachable, but are on the limit. The 102 reflection with a tt of 43˚ is blocked. In-plane accessibility needs to 
be investigated next beamtime. 
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