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Ga Terminated

As Terminated

Substrates grown at various deposition 
ratios FAs/FGa = 1, 2, 4, & 6 at 575°C.

Kinetic Monte Carlo Simulations of GaAs Homoepitaxy and Droplet Epitaxy
Kris Reyes, Denis Nothern, Joanna Mirecki Millunchick, Peter Smereka

Experiments

Nanostructural dependence on growth 
conditions:

Nanostructural dependence on growth parameters.
Compact quantum dots are observed in the high flux/low 
temperature regime, while nanorings are observed in low 
flux and high temperatures. Courtesy S. Sanguinetti

Samples are grown on GaAs(001) by 
Molecular Beam Epitaxy.

GaAs substrate grown.

Liquid droplets become 
crystallized upon 
exposure to As flux.

As As

Ga deposited at 0.1 ML/
sec to desired thickness 
(2.0 - 4.0 ML). Liquid 
droplets form.

Ga Ga

Droplet size and density dependence on 
growth conditions:

T = 183°C T = 191°C T = 199°C

Droplet density and size dependence vs. 
temperature. Higher temperatures yield larger, 
more sparse droplets.

Abstract
We present a Kinetic Monte Carlo 
model and simulations of GaAs 
homoepitaxy and droplet epitaxy. 
The model is completely 
atomistic, and handles multiple 
species and phases. The simulation 
results compare favorably with 
experimental observations. For 
GaAs homoepitaxy, the simulations 
accurately predict correct surface 
termination. GaAs droplet epitaxy 
and crystallization simulations 
yield correct trends in droplet size 
and density as well agreement in  
nanostructural dependence on 
growth conditions.

Event rates depend on 
nearest and next nearest 
neighbor bonds. Liquid 
neighborhoods have special 
rates. Bulk diffusion is 
turned off.

Events in KMC simulations

Desorption

Exchange

Deposition
Diffusion

Atoms occupy positions on 
a 1+1 analog of the zinc 
blende lattice. Ga and As 
atoms are represented 
explicitly. Events are 
atomistic.

Bonds and special neighborhoods.

Bulk Neighborhood

Nearest Neighbor
Next-Nearest Neighbor

Liquid Neighborhood
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A surface termination phase diagram after 
5.0 ML of GaAs is grown by simultaneous 
deposition of Ga and As .

Substrate Growth
Surface termination was measured and 
compared to experiments and 
theoretical predictions. GaAs substrate 
growth was simulated by simultaneous 
deposition of Ga and As atoms at 
various temperatures T and fluxes 
FGa, FAs. From this a surface 
termination phase diagram was 
generated.

A T = 200°C

B T = 300°C

C T = 350°C

10 nm

Droplets formed at 200, 300, 350°C. 
Higher temperatures result in larger 
droplets and more significant etching. 

Liquid Droplet Formation
Ga atoms are deposited onto the 
substrate and allowed to anneal. 
Liquid droplets form as a result. Liquid 
Ga  displaces substrate atoms, which 
then nucleate near the triple junction 
in a step-flow manner. Droplet 
statistics such as droplet density and 
diameter behave as expected.

Crystallization

10 nm

Quantum dot formation at 275°C 
and As flux 0.06 ML/sec.

t = 32.5 secsA

t = 45.5 secsB

t = 65.5 secsC

Quantum Dots

Instability-induced GaAs shell formation 
at various times; grown at 350°C and 
1.0 ML/sec.

A t = 1.4 secs

B t = 1.8 secs

C t=2.0 secs

10 nm

Liquid Cores

Nucleation after crystallization at 
0.8 ML/sec. and subsequent 
annealing at higher temperature.

A t = 0.0 secs

B t = 0.1 secs

C t = 0.2 secs

D t = 2.0 secs
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Nucleation

Morphological dependence on growth 
conditions. Simulations were 
performed over several temperatures 
and As fluxes, resulting in the above 
nanostructural phase map. The solid 
lines are analytically derived critical 
boundaries.
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Nanorings
Compact Structure

Upon crystallization by As deposition, simulations exhibit a variety of nanostructures at different growth 
conditions, consistent with experimental observations.

Ga (deposited)

As (deposited)

Ga (substrate)

As (substrate)

Color Legend

Simulation Results

Nanorings grown at 375°C and various fluxes FAs = 0.1, 0.2 and 0.4 ML/sec. Large flux results in 
more compact structure while low flux yields broad and shallow rings.

A FAs = 0.1 ML/sec

B FAs = 0.2 ML/sec

C FAs = 0.4 ML/sec

10 nm

Nanorings

1/400 1/350 1/300 1/250 1/200 1/150

20

30

40

50

60

70

80

90
100

D
ro
pl
et

D
ia
m
et
er

(n
m
)

1/T (° C−1)
1/400 1/350 1/300 1/250 1/200 1/150

10

20

30

40

50
60
70
80
90
100

D
ro
pl
et

D
en

si
ty

(#
/µ
m
)

Diameter
Density

Droplet size and density vs. temperature.


