
Type of presentation: Poster
 

IT-5-P-5962 Quantitative electron probe microanalysis of Ga-doped BiFeO3 and
(Ca,Zr)-doped BaTiO3 thin films
 

LONGUET J. L.1, JABER N.2, DAUMONT C.2, WOLFMANN J.2, NEGULESCU B.2, RUYTER A.2,
FEUILLARD G.2, BAVENCOFFE M.2, FORTINEAU J.2, SAUVAGE T.3, COURTOIS B.3, BOUYANIFIF H.4,
AUTRET-LAMBERT C.2, GERVAIS F.2
 
1CEA, DAM, Le Ripault, BP16, F-37260 Monts, France, 2Laboratoire GREMAN, UMR7347 CNRS
Université François Rabelais, faculté de sciences et techniques 37200 Tours, France,
3Laboratoire CEMHTI, UPR3079 CNRS, Site Cyclotron 45071 Orléans cedex 2, France,
4Laboratoire LPMC, Université Jules Vernes Picardie - Amiens, France
 

Email of the presenting author: jean-louis.longuet@cea.fr
 
The most efficient multifonctional piezoelectric materials are lead-based, sush as Lead
Zirconate Titanate LZT for example. Considering the need to use lead-free materials, an
interest in bismuth ferrite (BiFeO3, also commonly referred to as BFO in Materials Science) has
grown due to its ferroelectricity. The substitution of Bismuth in BiFeO3 modifies its properties
and enhances the piezoelectric activity. Doped BaTiO3 perovskite has also great interest in this
domain.
Linear lateral composition gradients were created by combinatorial Pulse Laser Deposition
(PLD) using targets of doping material and host perovskite : Gallium is the doping element in
the BGFO material (BiFeO3 + GaFeO3). Calcium and Zirconium are the doping elements in the
BCTZ material (BaTiO3 + (Ba,Ca)(Ti,Zr)O3).
Here, we report quantitative thin films analysis (TFA) performed by wavelength dispersive
spectrometry (WDX) with an electron microprobe (EPMA). Experimental procedure is described
to achieve acceptable quantitative results regarding some analytical issues such as small
doping content (less than 3 %wt), small top layer thickness (less than 100 µg/cm2) and lines
interferences occurring in energy dispersive spectrometry (EDS) but not in WDS analysis (like
Ba Lα – Ti Kα).
Mass thickness of BGFO, determined by TFA-EPMA, was confirmed by focus ion beam (FIB)
cross section imaging. A short link is made with optimum doping concentration found on BGFO
according to local piezoresponse measurements using an atomic force microscope (AFM) in
piezoelectric mode (PFM) ) and by dual beam laser interferometry.



 
Fig. 1: BGFO sample description (10x10 mm²)BGFO
(~100nm)/LSM(~40nm)/STO(substrate)
 

 
Fig. 2: Ga-doping content along X-Line profile n°2 (round
circles are coincidence points with Y-line profiles n°3-4-5-6)
 

 
Fig. 3: BGFO mass thickness along X-Line profile n°2 (round
circles are coincidence points with Y-line profiles n°3-4-5-6)
 

 
Fig. 4: FIB Cross Section
 


