
Jump of an atom is characterized by 4 numbers:

 

We found that processes with                     for FCC and                 for BCC  are either unstable or have a 
zero barrier. For these processes, we assign barriers to values close to zero with the formula:
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A sufficient number of  barriers was obtained for the atom diffusion on the (100), (110) and (111) Cu 
surfaces and  (100), (110)  Fe surfaces .

We found a lot of processes with unstable configurations, 
which could not be calculated with NEB. These processes 
need special handling: 

Another permutation of the same process can be found so 
that it is stable;

Various permutations 
of neighboring atoms 
correspond to the same 
(6,3) (7,3) process.→

In the case of diffusion jumps, 
it is not always possible to 
relax a configuration without 
changing it. Barriers for these 
processes can not be found 
with NEB

The approach for processes with one stable configuration, 
initial or final, was developed;

The processes with both initial and final configurations 
unstable are not taken into account.

The KMC model has been scaled to MD simulations with attempt frequency. Different attempt frequencies 
were used in KMC simulations in order to find time of flattening comparable with MD.

Method: NEB
The Nudged Elastic Band method was chosen as a technique for finding energy 
barriers between given initial (a, b) and final (c, d) states.

Γ=ν exp(
−Em

k bT
) ,

In the Kinetic Monte Carlo (KMC) method, the process of surface diffusion are 
described as a sequence of thermal activated jumps with a probability 
frequency, Γ, of an atom to make a jump, given by the Arrhenius's formula:

where ν is the attempt frequency, k
b 

- 
Boltzmann's constant, T  -  the temperature, 
and E

m
  - the migration barrier that an atom 

needs to overcome in order to make a jump. 

 

Migration barrier of the jump, E
m

(a,b,c,d)
 

(a ,b)→( c , d) ,
where a and b - number of nearest neighbours (NN) and next-nearest neighbours 
(NNN) of initial position of a jumping atom, c and d - of the final position.

a≤3

ϵ=10−3 eV ,δ=10−4 eV, where the parameters are 

The KMC model needs to be parametrized 
for particular material

a≤1

All probabilities for all possible events have to be predefined and 
tabulated. ~7000 barriers for FCC and ~2000 barriers for BCC
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The field-enhanced 
diffusion results in 
faster faceting on 
Cu tips

 The flattening time of the Cu 
tips was studied with KMC and 
the good agreement was 
obtained with with MD 
simulations at 850—1500 K

 1 GV/m gradient field applied

Perfect Cu cube after 155 ns at 300 K

no field applied

Rhombic 
dodecahedron

6 nm nanoballTruncated rhombic 
dodecahedron

Perfect (100) 
cube

The KMC model correctly finds the equilibrium 
shapes of Fe nano-clusters in agreement with 
Molecular Statics calculations

The KMC simulations of adatoms deposition on 
the equilibrium shape of Fe nanoparticle at room 
temperatures allows to see the mechanism of 
nanocubes formation

 (110) tip at 1000 K happens within 0.4 µs

Electric field implementation

In KMC, the migration barriers are lowered by the 
field

The diffusion becomes enhanced and biased

ν=6.89⋅1013 s−1
Calculated attempt frequency for Cu:

The Debye frequency was used for Fe simulations 

Adatoms deposited on the  Fe nanoparticle at 300 K for 0.002 s with the deposition rate shown on the left

Theoretical studies suggest that short-
living field-enhancing asperities (or 
tips) cause vacuum arcs formation and 
thus electrical breakdowns in the 
presence of high gradient electric field, 
such as in the accelerating structures of 
the future 

The formation of Fe nanocubes is observed under 
the deposition conditions within several seconds 
time scale. The studies suggest that the surface 
diffusion is responsible for this process.  The KMC 
approach allows to access required  time scale.

Kinetic Monte Carlo approach allows to 
study the long-term surface evolution of the 
metals. 

the electric field is removed is particularly interesting, because such tips are not 
observed experimentally.

  

Compact Linear Collider (CLIC) at CERN.  Tips flattening time after

Summary
➢ We have parametrized the Kinetic Monte Carlo (KMC) model for Cu and Fe surfaces
➢ The diffusion processes were characterized by the number of nearest and next-nearest neighbour atoms of the initial and final 
states

➢ The migration energy barriers were calculated using the Nudged Elastic Band method
➢ The attempt frequency for the KMC model of Cu has been fitted to Molecular Dynamics simulations
➢ The bias of the diffusion due to the electric field has been introduced in our KMC model
➢ Parametrization for both Cu and Fe have been validated with the Molecular Dynamics (MD) simulations

Γ=ν e
(
−Em

kbT
)

,


	Slide 1

