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Atom probe tomography (APT) is a very powerful tool which can investigate atomic positions and 
chemical compositions of materials with sub nanometer resolution. In APT, atoms are field-evaporated 
by applying a high electric field to needle-like specimen[1]. At the precipitates and interfaces, due to 
the difference in the electric field evaporation voltage of the element, the local magnification effect 
causes artifacts[2]. Surface diffusion and reconstruction of atoms during field evaporation also causes 
artifacts[3].  
 
The difference of the electric field evaporation voltage by the element can be obtained by first-principles 
calculation. As a method of applying an electric field in the first-principles calculation, a sawtooth 
electric field has been used in the three-dimensional periodic boundary condition, but this causes a 
difficulty of convergence of the electronic state. In recent years, an effective screen medium (ESM) 
method has been developed, and it becomes possible to perform a simulation in which the periodic 
boundary in the electric field direction is removed[4]. In this research, we perform first-principles 
calculation of surface diffusion and electric field evaporation where electric field is applied by ESM 
method. 
 
The PWSCF code of Quantum Espresso package and a combination of the generalized gradient 
approximation (GGA) for the exchange and correlation energies and density functional theory were 
employed in this study[5,6]. We used the ultrasoft pseudopotential method[7]. We used a slab model 
based on a 4x4x4 BCC lattice with a total of 128 atoms in the supercell. The both sides of the Fe(001) 
were assumed to be vacuum layers with a length exceeding 1.3 nm. Brillouin sampling was performed 
by the Monkhorst-Pack scheme with a 2×2×1 mesh[8]. The cutoff energy of the plane waves was 25 Ry. 
The supercell used for calculation is shown in Fig 1. 
 
In the field evaporation calculation of Fe from Fe (001), only the z direction of the adsorbed atoms was 
fixed, and the structure optimization of the surface and slab structure was carried out with the electric 
field of 0 V / nm. For the adsorbed Fe atoms, the position from the surface was changed to calculate the 
structure of 10 points. Figure 2 shows the potential energies in the Fe adsorption on Fe (001) when the 
electric fields are changed. 
 
In the ESM method, a positive electric field is applied by removing charge from the Fe atoms of the slab. 
Calculations were performed for 12 cases with varying the electric field. The dependence of the 
activation energy by the electric field is shown in Fig 3. The field evaporation voltage of Fe obtained by 
the calculation was in good agreement with the experimental value. The field evaporation voltage of Cu 
from Fe (001) was almost the same as Fe from Fe (001). 
 
Nudged Elastic Band (NEB) method was used to calculate the migration energy of surface diffusion by 
the electric field applied system. In order to calculate with constant electric field in the intermediate 
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configuration of diffusion, it is necessary to control the Fermi level so that the electric field becomes 
constant (Constant-μ method), but it was difficult to converge by the conventional method. This can be 
solved efficiently by ESM method[9]. The surface migration calculations of Fe and Cu on Fe (001) were 
performed. As the electric field increased, the activation energy of diffusion decreased and the activation 
energy of the electric field of 28 V / nm is about 40% of that of 0 V / nm. 
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Fig.1 Supercell for calculation of Fe on 
Fe(001). 

Fig.2 Energy of the system as a function 
of an ad-atom displacement for Fe on 
Fe(001). 

Fig.3 The dependence of the activation 
energy by the electric field for Fe and Cu on 
Fe(001). 
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