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Facet nucleation and 
nanowire bending

1) No horizontal facet

2) Horizontal facet 
    nucleation

3) "Ripening" of facets

4) Another facet 
    nucleation

Fast nanowire simulations using a hash table-based cache
Kristofer Reyes

Abstract

Model

Rate Cache

Simulated Annealing Search

Nanowire Simulation Results

Atoms placed on hexagonal lattice. 
  

Bonds between nearest neighbor positions.
  

No Solid-on-Solid constraint.

Ea(X,Y) = E(X) - E(X  Y) +ε(X,Y) ⋀

Activation Energies:

Events:
    Hops             Exchanges 
    

    Adsorption    Desorption
    

    Reaction 

Events have Arrhenius rates.

We present kinetic Monte Carlo (KMC) 
simulations of nanowire growth by the 
Vapor-Liquid-Solid (VLS) method. We study 
the effect of energy parameters on 
nanowire growth mode. A hash table is 
used to cache frequently computer rates, 
leading to a 10x speed up in performance. 
A simulated annealing search is employed 
to find optimal hash functions.

Event rates at a particular position are 
a function of a small neighborhood of 
that position.

In KMC, neighborhoods are recurrent:
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The number of unique 
neighborhoods seen 
during a simulation. 
Red lines correspond 
to the start of a new 
experimental phase.

Rate cache: Store the rates r(x) of 
frequently occurring neighborhoods x in 
a look-up table. This is implemented 
with a hash table.

We used a parametrized hash function       
h(x;A), and performed a simulated 
annealing search with Metropolis selection 
to obtain optimal parameter values A.

Energy:

C(A) = |{(x,y) | h(x; A) = h(y; A) }|
for neighborhoods x,y sampled during a 
simulation run.
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C(A) as the simulated 
annealing algorithm 
progresses. Three 
independent trials are 
shown.

VLS Growth

ρliquid=0.75 eV ρliquid=1.25 eVρliquid=1.00 eV

Simulations capture 
tapered bases.

ρliquid affects 
growth speed and 
size of tapered 
base.

Effect of ρliquid

εex=0.9 eV

Rough sidewalls
Diffusion of liquid    

Flat interface

εex=1.2 eV

Asymmetric 
faceting

εex=1.4 eV

Symmetric 
faceting

Effect of εex εex controls mobility at interface
and facet formation. 

Improved performance with caching
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No Caching

Caching

CPU time vs. 
Monte Carlo 
steps, with 
and without 
caching.

1. Droplet on flat 
substrate.

2. Expose to vapor. 3. "C" atoms react 
to form "A" atoms.

4. "A" atoms diffuse, 
attach on interface.
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"A" material initially 
in substrate

"A" material obtained 
from vapor

"B" liquid material
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Reaction Event:

ε(X,Y) =  
ρliquid  in liquid neighborhoods

1.5 eV  elsewhere{

Exchange Event:

X  Y⋀
X Y

= 1/2( + )
= 1/2( + )

ε(X,Y) =  
0.7 eV  in liquid neighborhoods
εex       elsewhere{


