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1Univ Rennes, INSA Rennes, CNRS, Institut FOTON – UMR 6082, F-35000 Rennes, France

The climate change and its impacts are nowadays well established and cannot be ignored [1]. The international community agrees to

have a fast energy transition, which translates in developing more efficient photovoltaic cells, light emitting and photocatalytic devices.

To deal with this irreversible problem, new or advanced semiconductors have to be found for the next generation of optoelectronic

applications such as Laser, Light Emitting Devices (LED), Photodetection, Photocatalysis.
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The determination of absolute surface and interface energies of materials is one challenging issue in today’s epitaxial developments, as it fundamentally governs the

nucleation and physical properties of heterogeneously integrated materials and devices for photonics, electronics or energy harvesting applications.[1] Especially,

determining the hetero-interface absolute energies remain tricky, because of the difference of chemistry between the two materials considered. In this work, we use

Density Functional Theory, with a fictitious hydrogen atoms charge compensation strategy, to determine the surface and interface absolute energies in the III-V/Si

heterogeneous materials association case [1,2]. This method is expected to be applicable for all other heterogeneous materials association. We finally show how, in the

specific case of III-V/Si heterogeneous epitaxy, it allows understanding structural properties of samples, and consider their use for applications in photonics, solar cells, or

solar hydrogen production through water splitting [3,4].
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Surface
Energy (meV/Å²)

P-rich Ga-rich

Si(001) c(2×4) 92.8

GaP(001) (2x4) 57.4 72.4

GaP(001) md (2x4) 82.8 52.9

GaP(114)B α2(2x1) 67.3 67.3

GaP(114)A α2(2x1) 59.9 59.9

GaP(2 5 11)B (1x1) Ga-dimer 66.8 58.3

GaP(2 5 11)A (1x1) P-dimer 52.9 62.7

GaP(111)A Ideal 95.7 78.4

GaP(111)B Ideal 75.1 92.3

GaP(111)A Ga-vacancy 51.2 51.2

GaP(111)B Ga-adatom 57.3 57.3

GaP(111)A Ga-trimer 106.4 37.3

GaP(111)B P-trimer 20.2 89.3

Stable GaP and Si surface energies computed by DFTNon-polar GaP(001) surface

Mirbt et al., Phys. Rev. B (1999)
I. Lucci et al., Adv. Funct. 

Mater. 2018, 1801585

Polar GaP(114) surface

GaP(114)A GaP(114)B
[114] [-1-1-4]

GaP(001) GaP(001)
rotated

How can we determine the non-polar and polar surface energy?

Based on GaAs studies from 
Marquez et al., Phys. Rev. Lett., (2001)
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GaP a) (001), (114), (2 5 11) and b) (111) surface energies 
as a function of the chemical potential variations.

Compensated interface

Ga-Si 0.5 Si : 0.5 P–Ga

Abrupt interface
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GaP/Si(001) compensated interfaces are 
more stable then abrupt ones

The stoichiometry of the interface for a slab 
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Stoichiometry of the 
entire Slab

Stoichiometry of the GaP
surface at the top 

Stoichiometry of the Si 
surface at the bottom

Here, the stoichiometry of
the silicon surface at the
bottom is equal to 0,
ΔNୱ୳୰୤ୟୡୣ

୆୭୲୲୭୫ = 0

Slab configuration ઢ܊܉ܔܛۼ ઢ܍܋܉܎ܚܝܛۼ
ܘܗ܂ ઢܜܖܑۼ
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઻۵۾܉ (૙૙૚) ૛ܠ૝
܉۵ିܑ܁(૚૙૙) ܑ܁ -2 2 -4 -1

઻۵۾܉ (૙૙૚) ૛ܠ૝
۾ିܑ܁(૚૙૙) ܑ܁ 6 2 4 1

઻۵۾܉ (૙૙૚) ૛ܠ૝
܉۵ି۾૙.૞:ܑ܁૙.૞(૚૙૙) ܑ܁ 2 2 0 0

઻۵۾܉ (૙૙૚) ૛ܠ૝
۾ି܉૙.૞۵:ܑ܁૙.૞(૚૙૙) ܑ܁ 2 2 0 0


