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In-situ scanning transmission electron microscopy: a nanolab for advanced analyses of 
ferroelectric materials 
 
 
 
RESEARCH PROJECT / RESEARCH GROUP DESCRIPTION: 
(2.000 characters – including spaces) 
 
The response of ferroelectric domains under applied electric fields determines the characteristics of the polarization 
versus electric field hysteresis loops, which makes ferroelectrics appealing for applications including high-density 
non-volatile memories, electronic and optical devices. Despite intensive research efforts there is no theory of 
polarization switching encompassing all ferroelectrics. Since electric dipoles arise from the relative displacements of 
positive and negative ions in a crystal and changing their orientation involves deformation of the crystal lattice at the 
atomic level, their specific details can strongly affect the switching mechanism. Recent developments in electron 
microscopy, in the form of pixelated detectors, further enable mapping of functional properties such as electric fields 
with atomic resolution. With new customized holders, it is now possible to interrogate materials by subjecting them 
to external stimuli such as electric field and temperature. 
In this project, we will study the polarization switching at the atomic scale of different ferroelectrics, mostly Hf-
based ferroelectrics, under varying electric field conditions. We will study epitaxial oxide films and heterostructures. 
We will use special sample holders that enable the application of bias voltage or temperature inside the microscope 
during imaging, which will allow for real-time observation of atomic structure changes to the external stimuli. 
This is a new approach that not only will allow us to study the domain switching mechanism of these systems, but 
also get new insights into the functioning of ferroelectric tunnel junctions and resistive switching ferroelectric-based 
memories. 
The Multifunctional Thin Films and Complex Structures (MULFOX) group is interested on developing new oxide-
based materials with enhanced or emerging properties with especial focus on their electric, magnetic and optical 
properties, and to establish the links between their structure, morphology and functional properties.  
 
JOB POSITION DESCRIPTION: 
(2.000 characters – including spaces) 
Include all the relevant information about the position, role, responsibilities and skills required within the 
project/group 
 
The aim of this project is to use different and extremely advanced microscopy characterization tools aiming to 
understand and control the polar switching mechanism that finally determine the performance of ferroelectric 
devices. 
The student will work quantitatively with atomic-resolution scanning transmission electron microscopy (STEM) 
combined with the new type of fast pixelated electron detectors to do 4D-STEM to study the ferroelectric domain 
structure of thin films and heterostructures. This will be done using STEM differential phase contrast (DPC) and big 
data processing methods. These techniques will be combined with in-situ application of electric fields and heating. 
This will effectively create an experimental “nanolab” not only for advanced analyses of ferroelectric materials, but 
also as a test bed for solid state physics. 
As the 4D-STEM technique is a recent and ongoing development, much of the work will involve development and 
implementation of data processing software using scientific Python.  
The student will also learn to use the Focus Ion Beam (FIB) system to prepare TEM samples. The nanometer scale 
resolution of the FIB not only allows the exact region of interest to be chosen, but also to make the contacts for the 
in-situ experiments. 
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