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Search for Adsorption Coordination of SiH4 or AI(CH3)3 on Si (001)
Surface Using Genetic Algorithm and Density Functional theory
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ABSTRACT

We search for an appropriate initial adsorption coordination of precursor on surface by using genetic algorithm
(GA) and density functional theory. SiHs and Al(CH3); as precursor, and OH-terminated Si (001) as surface are used
for this study. Selection, crossover, and mutation as hyperparameters of GA are applied to search for the adsorption

coordination of the precursors on the surface as a function of generation. Bond distances between precursors and the

surface are used to explain the adsorption behavior of the precursors.
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Fig. 1. Surface and precursor. (a) Side and (b) top view of an
OH-terminated Si (001) surface. Atoms in ‘Relaxed
layers” and ‘Fixed layers’ (grey) in the side view are
relaxed and fixed for calculations, respectively. (c)
SiHs precursor on an OH-terminated Si (001)
surface for appropriate reaction between two target
bonds: one is a Si-H bond of the precursor and the
other is an O-H bond of the surface.
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Fig. 2. Flowchart of genetic algorithm to search for an appropriate adsorption coordination

between precursor and surface.
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Fig. 3. Adsorption energy as a function of generation between a SiHs precursor and OH-terminated Si (001) surface. O
and @ are the adsorption structures before and after relaxation of the 32nd generation, and 3 and @ are the
adsorption structures before and after relaxation of the 96th generation. The relaxed adsorption energies at the 32nd

and 96th generation are -0.16 and -0.21 [eV], respectively.
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Fig. 4. Adsorption energy as a function of generation between an Al(CHs)s precursor and OH-terminated Si (001) surface.
(D and @ are the adsorption structures before and after relaxation of the 26th generation, and 3 and @ are the
adsorption structures before and after relaxation of the 93rd generation, respectively. The relaxed adsorption energies
at the 26th and 93rd generation are -0.88 and -1.07 [eV], respectively.

Table 1. Bond distance (A) with and without adsorption

Precursor
Surface | Bond -
- SiH4 Al(CH3)3
Si-H - 1.491 -
- Al-C - - 1.962
C-H - - 1.100
Si-H - 1.492 -
Al-C - - 1.996
C-H - - 1.103
OH-ter.
. O-H 0.973 0.973 0.983
Si (001)
Si-O 1.684 1.686 1.755
Si-Si* 2.458 2.460 2.459
Si-Si 2.381 2.382 2.384

* Surface Si-Si bond
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