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SrTiO3/BaTiO3 multilayer is one of the promising substitutes for (Ba,Sr)TiO3 (BST). The 
dielectric properties of BaTiO3 thin layer are different from bulk material because of 
nanoscale dimensions and strong stress-strain conditions. In this study, SrTiO3/BaTiO3 
multilayers with different thickness of BaTiO3 layer were deposited on SrTiO3 (001) 
substrates by pulsed laser deposition. The BaTiO3 thin layers were investigated by electron 
energy-loss spectroscopy (EELS) for a better understanding of the behavior of multilayers.  
 
SrTiO3(50nm)/BaTiO3(10nm)/SrTiO3(50nm)/BaTiO3(10nm) & SrTiO3(100nm)/BaTiO3 
(20nm)/SrTiO3(100nm)/BaTiO3(20nm) multilayers were deposited on SrTiO3 (001) 
substrates by pulsed laser deposition, respectively[1]. The electron energy-loss spectra are 
acquired by a dedicated STEM (VG HB 501 UX, Vacuum Generators) equipped with a cold 
field-emission gun (FEG) and a new Gatan Parallel EELS spectrometer (Enfina 1000). Small 
energy dispersion, 0.05eV/channel, is used to acquire the fine structures of the Ti L23 and O 
K edge. In the first specimen high-quality single crystal BaTiO3 thin layers were crystallized 
in contrast to the columnar structure due to relaxation of misfit strain in the second specimen, 
as shown in Fig.1(a) and Fig.1(d). The lattice parameters of BaTiO3 thin layer were 
determined from Fig.1(b), the selected area electron diffraction pattern (SAD). A line-scan of 
electron energy-loss spectra acquisition is shown in Fig.1(c). 
 
Fine structures in the spectra are discussed in the terms of crystal-field splitting, eg/t2g 
intensity ratio and internal strain. The analysis is based on the results of atomic multiplet 
calculation in Oh symmetry[2]. The analyzing results and fine structure comparisons are 
shown in Fig.2. The small discrepancies of crystal-field splitting between the Ti L2 and L3 
edge, due to the different effect of crystal-field,  are determined obviously by the help of 
multi-peaks Lorentzian fitting. The internal strain in the thin perovskite layer can be indicated 
by the crystal-field splitting and eg/t2g intensity ratio. Moreover, fine structures of oxygen K-
edge in BaTiO3 thin layer and in bulk BaTiO3 were simulated by ab-initio self-consistent Full 
Multiple-Scattering calculations[3], respectively. The simulation results are in good 
agreement with the experimental spectra. Notably, the aggregation of oxygen vacancies at the 
rough  SrTiO3/BaTiO3 interface is indicated by the increasing Ti/O ratio. 
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(a) TEM dark-field image of SrTiO3(50nm)/BaTiO3(10nm) multilayers. 
(b) Selected-area diffraction pattern from the interface region between 
BaTiO3 film and SrTiO3 substrate in the first specimen. 
(c) STEM bright-field image of the first specimen. Energy drift was 
continuously monitoring at the marked position, and the white arrow denotes 
the direction of the line scan. Raster image of the line scan spectra in the 
inset was used for spatial drift calibration. 
(d) STEM bright-field image of  SrTiO3(100nm)/BaTiO3(20nm) multilayers.

Fig. 2 Electron Energy-Loss Spectra 
 
(a) Low-loss region 
(b) Fine structure of Ti L23-edge 
(c) Fine structure of O K-edge 
(d) Crystal-field splitting across the 10nm-thick 

BaTiO3 layer 
(e) Ti/O ratio across the 10nm-thick BaTiO3 layer 
(f) Ab-initio full Multiple-Scattering calculation 

of bulk and 10nm-thick BaTiO3 layer 
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