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To date, it is no longer necessary to demonstrate the contribution and the usefulness of field evaporation 
simulation to understand and to interpret atom probe tomography (APT) analyses [1, 2]. In addition, 
recently, simulation has been also used to perform APT data reconstruction [3]. There are many 
commonly used simulation models, from sub-atomic scale [4,5] up to atomic scale [2], according to the 
specific studied phenomena. Nevertheless, it appears today a need to have simulation models at lower 
scale (i.e. mesoscopic scale), such as level set methods [6]. Even if, these models show qualitative 
agreement with experimental data in 2D simulation [7], it is no completely the case in 3D, where some 
improvements remain to be performed [8]. In this paper, a new field evaporation simulation in 3D at the 
mesoscopic scale is presented. The aptitude of this new approach to reproduce APT experimental 
observations, while maintaining low computational and memory resources, is demonstrated through the 
simulation of analyses of complex microstructures under laser irradiation.   
 
In this model, the surface is defined by an assembly of meshes, which amounts to perform a surface 
triangulation (figure 1.a). This step introduced the mesoscopic approach of the simulation. Furthermore, 
it is realized in such ways that each mesh has the same surface (editable simulation parameters), at the 
initial step of the simulation. It is then possible to adjust the scale of the simulation to features of 
interest. To reflect the experimental evaporation rate, all the meshes vertices are continuously displaced. 
For each vertex, the displacement direction is estimated using the normal direction of its surrounding 
meshes and the amplitude, using the evaporation probability, also from its surrounding meshes (Pj), 
defined as follow:   

 
with Q0 the energy barrier without any external field, kB the Boltzmann constant, Tj the temperature, Fj 
the electrical field on the mesh j and FEV,j its evaporation field. The temperature of each meshes (Tj) can 
be set as constant (between 20-80K for example as experimentally used) to reproduce evaporation 
assisted by electrical pulses, but also can be set spatially dependant to reflect the laser assisted 
evaporation process. The maximal temperature distribution at the sample surface induced by the laser 
interaction is estimated using the software Lumerical. The simulated microstructure is defined through 
the evaporation field (FEV,j) of each phase. For a single phase material, all the meshes have the same 
evaporation field. For example, in a case of vertical layers (figure 1.a), a higher (figure 1.b) or a lower 
(figure 1.c) evaporation field than the surrounding matrix can be assigned. The required electrical field 
Fj on each mesh is calculated from the charge distribution at the sample surface at each step of surface 
modification, using the Robin equation (similar to the atomistic Robin-Rolland field evaporation model) 
[9].  
 
This model reproduces quantitatively experimental APT analysis observations and measurements. 
Moreover, it provides at each step of the simulation important information (morphology, charge 

286
doi:10.1017/S1431927619002162

Microsc. Microanal. 25 (Suppl 2), 2019
© Microscopy Society of America 2019

https://doi.org/10.1017/S1431927619002162 Published online by Cambridge University Press

https://doi.org/10.1017/S1431927619002162


distribution, electrical field …) than can be used then to compute ion trajectory up to the detection 
system.  
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Figure 1. (a) Sample at mesoscopic scale simulation composed of two vertical layers (thickness of 6 nm on the 
left part and 3 nm on the other part) before field evaporation: radius of curvature of 35 nm, half shank angle of 9° 
and a triangle are of 0.5 nm². The upper part is the sample morphology and the lower part is the electrical field at 
the surface during the evaporation, if the layers have (b) a higher or (c) a lower evaporation field than the 
surrounding matrix.  
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