
67 

Quantitative High-Resolution TEM/STEM and Diffraction 

IM.1.P027 
Statistical parameter estimation theory as a tool for quantitative 
HAADF STEM 

G.T. Martinez
1
, A. De Backer

1
, H. Shi

1
, D. Schryvers

1
, A. Rosenauer

2
, J. Verbeeck

1
, S. Van Aert

1
 

 
1
University of Antwerp, EMAT- Physics Department, Antwerp, Belgium  

2
Universitaet Bremen, Instituet fuer Festkoerperphysik, Bremen, Germany  
 
gerardo.martinez@student.ua.ac.be 

    The use of statistical parameter estimation theory as a tool for quantitative high angle annular dark 
field scanning transmission electron microscopy (HAADF-STEM) has shown to be a reliable 
methodology to extract structural and chemical information of the material under study [1,2,3]. This 
approach allows one to quantify unknown structure parameters such as atom positions, number of 
atoms and atom types with high accuracy and precision. The methodology relies on optimizing 
parameters of an empirical incoherent imaging model using a criterion of goodness of fit that describes 
the correspondence between the images and the model [2]. Relative quantification of HAADF STEM 
images can be carried out without a priori knowledge of the structure [2,3]. Towards an absolute 
quantification, it is common practice to compare experimental data with detailed image simulations 
[4,5], which consider experimental settings, such as detector sensitivity [6], sample structure 
information and electron-sample interactions to be known as accurately as possible. In this work, the 
combination of statistical parameter estimation theory with image simulations to quantify experimental 
images will be discussed. This methodology can be used to count the number of atoms in the sample 
[1,3]. As an example, the number of atoms in a Au nanorod can be quantified with trustworthy single 
atom sensitivity [3]. Detailed frozen phonon simulations including accurate measurements of the 
experimental microscope settings indeed confirm the counting results. Figure 1 shows the mean 
intensity variation for an increasing number of atoms from an experiment and simulated images. The 
importance of knowing the microscope settings as accurately as possible and the use of the detector 
sensitivity for the image simulations will be discussed. For chemical composition analysis at the atomic 
level, statistical parameter estimation theory allows one to relatively distinguish between atom column 
types with a difference in mean atomic number of only 3 [2]. Figure 2 shows another example, where 
the chemical composition is quantified in a relative way [7]. For this material, the goal is to locate the 
doping atoms of Nb in the Ni-Ti lattice. It will be shown that by estimating atomic scattering cross 
sections of the non-doped Ni-Ti matrix, the Ni and Ti sites can be distinguished, whereas this is 
impossible for the Nb doped case. From this, it can be concluded that the Nb atoms have to be 
replaced at the Ti site, since the scattering cross section of an atomic column scales with the mean 
atomic number Z [8]. Towards an absolute quantification, the chemical composition of single atomic 
columns in a complex perovskite type structure of Pb1.2Sr0.8Fe2O5 has been determined. In this case, 
the composition of the mixed Sr/Pb atomic columns are quantified by combining statistical parameter 
estimation theory and frozen lattice simulations. The assumption of a linear superposition of the atomic 
column signals has been tested and verified. This allows one to quantify the atomic columns of interest 
by subtracting the signals of the atomic columns that are not of interest. Figure 3 shows the image 
process to be followed in order to obtain the chemical composition of the Sr/Pb columns. The validity 
up to which extent these assumptions hold will also be discussed. 
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Figure 1. Mean intensity variation for increasing number 

of Au atoms from experimental and simulated images. 

 
 

Figure 2. Scattering cross section distributions of Ni-Ti 

lattice without (left) and with (right) Nb. 
 

 
 

Figure 3. Image process to quantify the chemical composition. Experimental data must be normalized with 

respect to the incoming beam [4,5]. Firstly, the sample thickness is determined by comparing the scattering cross 
sections of a known composition atomic column (PbO signal in this example) from an experiment with those 
resulting from simulations. Secondly, the signals that are not of interest are subtracted to isolate only the signal of 
the atomic column with mixed composition (SrPbO). The experimental composition is computed by comparison 
with simulations. Finally, a full crystal simulation with the estimated composition is carried out for confirmation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


