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Impact of initial surface passivation on wetting
properties analysis during lI-V/SI epitaxy
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Molecular beam epitaxy
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Experimental observations

1
LY. Ping Wang et al., Appl. Phys. Lett. 107 (19), 191603 (2015)

- GaP/Si coherent growth  —>Large impact on defects generation

- 3D islands growth in various IlI-V/Si materials systems

Eiap — NGa#ggllg_Bulk — (NP - NGa)llP
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Schematic of a
supercell used for
absolute interface

energy determination
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Young-Dupré spreading parameter Q

> Passivation promotes partial wetting
condition:s.

1
-Pallikkara Chandrasekharan, et al. Physical Review B 109.4 (2024): 045304, FOTON Inst.

. Inevitable passivation of Si prior to GaP/Si heteroepitaxy leads to a large decrease of the

substrate surface energy.

Conclusions

+ Sl passivation is a driving force for the formation of 3D stable islands, which leads to the

GaP (001) md(2x4)
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“Illustration summarizing the energies involved in the
3D island formation of GaP on the Si substrate with a

range of possible energy values”

> Stable surface and interface energies support the
growth of 3D islands.

1
-Pallikkara Chandrasekharan, et al. Physical Review B 109.4 (2024): 045304, FOTON Inst. !

= This decrease leads to a significant reduction in the spreading parameter.

emergence of structural defects due to their coalescence.
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Objectives

» Highly reactive Si surface
(high surface energy)

» Passivation of Si
(intentional or not)
stabilizes the surface and
promotes 3D growth

Lucci et al., Phys. Rev. Materials 2,

Initial coverage of Si by 060401(R) (2018), FOTON Inst.

group-V, -lll, H or other atoms
X=H, O, As, P, efc...

Spreading parameter (solid wetting theory)...

A. Dupré, Théorie Mécanique de La Chaleur (Gauthier-Villars, Paris, 1869)

| 0Q>0, complete wetting
Q = yS . — )/S _ T yl — ]
(Si:x) (I11-v) (111-V /Si) 0<0, partial wetting

Lucci et al., Phys. Rev. Materials 2, 060401 (R) (2018), FOTON Inst. ///
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-Lucci et al., Phys. Rev. Materials 2, 060401(R) (2018), FOTON Inst.

-Lucci et al., Adv. Funct. Mater. 28, 1801585 (2018), FOTON Inst.

-Pallikkara Chandrasekharan, et al. Physical Review B 108.7 (2023): 075305, FOTON Inst.

-Pallikkara Chandrasekharan, et al. Physical Review B 109.4 (2024): 045304, FOTON Inst.

Initial surface passivation

Proposed llI-V/Si growth steps

Nucleation

2 S\

VS (st = [50 - 75] meV/A?

Growth of stable islands

-Lucci et al., Phys. Rev. Materials 2, 060401(R) (2018), FOTON Inst.

» Destabilizing a passivated Si surface by at least 15 meV/A? or stabilizing the lll-V (001) surface
makes a complete wetting situation possible.
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