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After two decades of development, aberration-corrected STEM has established a new paradigm for 

nanocharacterization techniques where the chemistry, crystal and electronic structure of new materials 

can be determined locally, with atomic resolution and often in a quantitative way. The smart 

combination of STEM imaging and spectroscopy has contributed to the expansion of our understanding 

of the microscopic origin of physical properties [1]. The best example of the extraordinary impact of 

atomic resolution STEM is in the study of complex oxides. The wealth of exotic physical phenomena, 

exhibited upon subtle modifications of the crystal structure or composition, turns these materials into an 

ideal benchmark to explore the possibilities of quantitative atomically resolved STEM [2]. This lecture 

will focus on the application of advanced STEM techniques to the study of a specific class of oxide thin 

films presenting multiferroicity (i.e. the coexistence and coupling of two or more ferroic orders in a 

single material). The magnetoelectric coupling shown by these systems could allow them to form the 

core of future multifunctional devices. Bulk multiferroic materials are scarce in nature. However, in 

such low dimensionality systems, strategies such as strain engineering (i.e. imposing a distortion of the 

lattice by epitaxial strain in a controlled way) can been explored to induce or tune multiferroicity. Two 

examples will be reviewed here, in which the combination of STEM imaging (HAADF and ABF) and 

spectroscopic (EELS) techniques are key to unveil unexpected phenomena: firstly, we will review the 

impact of strain engineering on the magnetic properties of a well-known multiferroic material, TbMnO3. 

It will be demonstrated that a new two-dimensional ferromagnetic phase is synthesized at the domain 

walls, induced by epitaxial strain in TbMnO3 thin films [3]. Secondly, the onset of a strain-induced polar 

state in antiferromagnetic SrMnO3 thin films will be explored, as well as the transition from a 

homogeneous polar structure into a polar-graded ultrathin film as a function of thickness [4] [5]. 
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Figure 1.  Ferromagnetic domain walls in strained TbMnO3 thin films. (a) HAADF-STEM image of a 25-nm-

thick TbMnO3 film grown on SrTiO3 (100). (b) In-plane strain map calculated by Geometrical Phase Analysis of 

(a). (c-d) Atomic resolution STEM-EELS spectrum image of a TbMnO3 domain wall: (c) HAADF signal, (d) 

color coded map of the EELS integrated intensities of the Mn L2,3 and the Tb M4,5 edges. 

 

 
 

Figure 2.  Polar-graded multiferroic SrMnO3 thin films. (a) HAADF-STEM image of a 10-nm-thick SrMnO3 film 

grown on LSAT (100). (b) ABF-STEM image of the same film, where the off-centering of the Mn and equatorial 

O atoms is illustrated with a colored atomic model. (c) Quantitative analysis of the lattice deformation and polar 

displacements of Mn and equatorial O in SrMnO3 thin film determined from an inverted-contrast ABF image. 
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