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Published papers 
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Fig.1: Top: Lateral PFM images (amplitude) of K0.90Na0.10NbO3 thin films 
grown on (110) NdScO3 substrate for four different film thicknesses (22 nm, 
30 nm, 42 nm, 74 nm). Bottom: Corresponding in-plane intensity distribution 
in the vicinity of the 008 and -440 NdScO3 reciprocal lattice points.  
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Report: 
 
In the framework of the experiment MA-2604 we have investigated the piezoelectric domain structure of 
K0.90Na0.10NbO3 thin films grown on (110) NdScO3 substrate by grazing incidence x-ray diffraction. The 
experiment has been performed at BM 020 station at an x-ray energy of 11.5 keV which corresponds to a 
wavelength of λ = 1.0781 Å. A one dimensional linear detector has been used and oriented parallel to the 

sample surface. A small 
pinhole was placed just after 
the sample, allowing a fast 
two-dimensional in-plane 
reciprocal space mapping by 
a single rocking scan of the 
sample. This multi-detection 
technique ensures fast data 
acquisition with good 
counting statistics within a 
reasonable time and 
sufficient angular resolution. 
A more detailed description 
of the technique can be found 
in [1]. The angle of incidence 
was chosen just above the 
critical angle of total 
reflection ensuring maximum 
sensitivity to the film. 

 

Our experiment was quite 
successful, and we were able 
to investigate six samples 
with different film 
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Fig.2: (a) Lateral domain period along 
[001]NSO, (b) domain wall angle α, and (c) in-
plane monoclinic distortion angle β as a 
function of the film thickness.  

thicknesses ranging from 22 nm up to 74 nm. For each sample in-plane reciprocal space maps were measured 
in the vicinity of five different reciprocal lattice points of the NdScO3 substrate (-220, -440, 004, 008, 2-2-4). 
From these measurements the in-plane monoclinic distortion angle β, the domain wall angle α, the domain 
periodicity, and the strain state could be investigated as a function of film thickness.   
 

In Fig.1 a selected choice of the measurements is shown along with corresponding lateral piezoresponse 
micrographs displaying the domain pattern of the K0.90Na0.10NbO3 thin films. The domain pattern – 
symmetry, domain sizes, periodicity, and degree of ordering – changes as a function of the film thickness. 
The results can be summarized as follows:  

 
(i) For small thicknesses the domain period along the 

[001]NSO substrate direction is small and continuously 
increases as a function of film thickness (Fig.2a). Here 
PFM data and x-ray data are in full agreement. 
Moreover, the degree of ordering of the domain pattern 
is also enhanced at larger thicknesses. This is reflected 
in the corresponding x-ray data, where the number of 
observed satellite peaks is largely increased when going 
from 22 nm to 74 nm film thickness (See Fig.1 bottom) 

 
(ii) The domain wall angle α (please see Fig.1 for the 

definition of α) between adjacent super-domains 
exhibits a more complicated behavior. It shows a 
minimum at about 30 nm film thickness (see Fig.2b).   

 
(iii) While the morphological parameters (domain wall 

angle α, domain period, and domain ordering) vary with 
film thickness, the monoclinic angle β seems to remain 
constant in the observed thickness range (Fig.2c). 
Obviously, the monoclinic angle β in KxNa1-xNbO3 thin 
films depends solely on the Potassium content x. This is 
not fully understood and seems to be in contradiction 
with the model given by Bokov and Ye [2] where the 
monoclinic angle should vary as a function of strain and 
domain wall angle α. This question will be further 
investigated in the future (a proposal for ESRF has been 
prepared)  

 
(iv) Although satellite peaks – reflecting the lateral domain 

periodicity – are present in the -440 reflections these do 
not show a horizontal peak splitting (into P1 and P2) 
caused by an in-plane monoclinic distortion of the unit 
cell. This proves that the lattice remains coherent at the 
domain walls running along [001]NSO. 
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