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Atom probe tomography (APT) has been successfully used in materials science for several decades for 

probing local compositional variations. In metals, the capacity to measure reliable composition at the 

nanoscale in 3D was successfully demonstrated in the early nineties [1, 2]. By using a few geometric 

ingredients, a reconstruction recipe was proposed at this time that surprisingly produced on selected 

materials, 3D images with an atomic scale precision of the distribution of atoms with elemental 

identification [3]. The ability to localize precisely the 3-D coordinates of individual atoms in direct 

space of materials is expected to find important applications in materials science and engineering, 

nanoscience, physics and chemistry. It is particularly crucial in semiconductor industry, to design optical 

devices or electronic devices, such as light-emitting diodes (LEDs), or transistors.  

 

This ideal picture of near-perfect 3D microscope however faces two issues.  

First, the precision of images may vary strongly from one material to another. Compared to an optical or 

an electron microscope, the spatial resolution loss is not diffraction limited, since image is produced 

from the inverse projection of ion trajectories, ions been produced by field evaporation of surface atoms. 

Precision is perturbed by slight deviations of the trajectories of ions from their initial positions at the 

specimen surface to the ion detector. A real understanding of this trajectory taking into account first the 

quantum interaction of atoms/ions with the specimen surface under the presence of the strong electric 

field existing on the surface is mandatory. The interplay between quantum processes, and more classical 

deviations induced by the distribution of the electric field close to the surface is extremely complex. In 

metals, most of the deviations thought to be induced by the field, as it was recently demonstrated 

experimentally by field ion microscopy in tungsten (fig.1). In oxides, quantum effects such as in-flight 

dissociation of molecules may degrade significantly the spatial precision (fig. 2) [4].         

 

The second issue concerns the global distortions induced by the presence in the sample of phases very 

different in term of the critical fields required to extract surface atoms. This is a current case when 

analyzing devices composed of complex structures of metals, oxides and semiconductors materials. The 

surface of the sample ideally modelled with a constant curvature radius evolves dynamically under the 

process of field evaporation in a complex 3D surface. The direct consequence is the presence of 

distortions in the projected image. After the evaporation of each atom, the field distribution around the 

sample must be evaluated, to understand the projection law that should necessary be taken into account 

to generate an accurate reconstruction [5, 6]. To overcome this cumbersome calculation, an alternative 

model, much simpler, was developed to reproduce the imaging process in simple configurations. In 

multilayers systems, it was demonstrated that most of the distortions could be reduced using a fast and 

efficient reconstruction algorithm that predicts the analytical shape of the emitting surface all along the 

evaporation process [7]. If a complementary technique can be used on the same sample to verify the 

morphology or provide complementary information before APT analysis, then this can also greatly 
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facilitate the interpretation of the APT results. High angle annular dark field - scanning transmission 

electron microscopy (HAADF-STEM) imaging can be used for planar devices but for devices of a three-

dimensional nature, electron tomography (ET) becomes necessary. As the tip sample preparation 

requirements can be similar for both STEM/ET and APT and the spatial resolutions are comparable, 

combining electron tomography (ET) with APT on the same device becomes an attractive route to 

minimize APT artefacts and inaccuracies in device analysis. The complementary information from ET 

(in particular geometrical info) can be used to steer the reconstruction of the APT data (which has many 

adjustable parameters) in the right direction [8, 9] [4]. 
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Figure 1.  Molecular dynamic model on a tungsten field emitter surface used to calculate the apparent 

displacement (red arrows) of the surface atom positions in FIM, after the field evaporation of 1 atom 

from the surface (open circle). Field induced deviations are calculated to be predominant in this case. 

 
Figure 2.  Calculated deviations of two ions (O+ /Zn+) induced by the in-flight dissociation of the 

evaporated ZnO2+ molecule. Ab initio calculations were performed to calculate the dissociation 

probability, the dynamic of the emission process, and the impact on the spatial precision of the 

instrument.  
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