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Reference[1-4]

c4x2 89.37 meV/Å² 88.0-92.8meV/Å²

1x1 146.15 meV/Å² 147.1-149.1meV/Å²

2x1 98.68 meV/Å² 90.5-94.1meV/Å²

3x1 119.55 meV/Å² -

Si_001_c4x2

(buckled)
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❖ Absolute surface energies of Si (001) surfaces with mono or 

sub-atomic layers of H and group V elements. 

❖ Energy barrier calculation to study the desorption of different 

passivating elements from the Si surface. 
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Eslab − (Natom ∗ µatom)
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“Adapted Similar 

technique for other 

group V elements"

H2

0.64 eV 

2.927 eV 

(67 kcal/mol)

- Dürr, Michael, and U. Höfer. Surface science reports 61.12 

(2006): 465-526.

- Wu, Christine J., Irina V. Ionova, and Emily A. Carter.  Surface 

science 295.1-2 (1993): 64-78.

AS2

As on Si

-Yu, Mengting, et al. International Journal of 

Hydrogen Energy 43.11 (2018): 5576-5590.

“As desorption on Si (001) 

behaves like molecular 

adsorption not dissociative 

adsorption for H on Si"

Nudged Elastic Band 

Method

Validation of the methodology.

“The first results show 

that group V 

elements on Si (001) 

substrate are more 

stable than H”

“First results of 

surface passivation 

diagrams of group 

V elements on Si 

(001) substrate in 

terms of chemical 

potential”
-Northrup, John E. Physical Review 

B 44.3 (1991): 1419.
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Reconstructed Si surfaces

Introduction

Integrating III-V compound 

semiconductors on (001) Si substrates 

is a long-standing challenge, which 

has driven many researches for the 

past 40 years. A large portfolio of 

passive photonic devices and their 

mature fabrication technology are 

available on the Si platform. This gives 

greater flexibility to design photonics 

integrated circuits (PICs) as 

compared to the pure III-V 

technologies and opens a number of 

possibilities for e.g. lasers, photovoltaic 

energy production, or energy storage 

via solar hydrogen production. 

Water splitting

o Bandgap engineering in III-V/Si for high

efficiency multijunctions architectures.

Photovoltaics

-K. Volz, T. Hannappel et al. , IEEE J. Photovolt. 99,1 

(2018). Marburg Univ., Ilmenau Univ.

o High efficiency III-V/Si photo-

electrodes for solar hydrogen

production
-R. Nötzel et al., Nat. Com. (2018). South China Normal Univ.

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

Active photonics

o Direct bandgaps in III-V

materials for integrated lasers

Electronics

o High carriers mobilities in III-V materials

for advanced CMOS concepts

-L. Czornomaz et al., Proc. of Symposium on VLSI Technology 

(2015)  - IBM 

-C. Merckling et al. ECS Trans. 61, 107 (2014) - IMEC

-H. Liu et al., Nature Photonics 10 (5), 307 

(2016) – UCL

-J. Bowers, J. Kippenberg et al. Nature 

557, 81 (2018) – UCLA, EPFL, CIT, etc…

Passive photonics

o Non-linear properties of III-V materials for

Integrated passive devices (frequency

comb generation) :

-G. Roelkens et al., Opt. Express 23, 4650 (2015), Ghent Univ.- IMEC

-M. M. Fejer et al. Opt. Express 26, 26971 (2018), Stanford Uni.

III-V/Si 

co-integration

→3D growth

→Large impact on 

defects generation

Experiments
GaP/Si(001)

-I. Lucci et al., Phys. Rev. Materials 

2, 060401(R) (2018). FOTON Inst.

Si

Si-X-I. Lucci et al., Phys. Rev. Materials 

2, 060401(R) (2018). FOTON Inst.

X = H, O, As, P, etc…

Initial coverage of Si by 

group-V, H or other atoms

Monolithic integration

Bonding strategies

III-V/Si crystal 

growth by MBE

H passivation on Si (001)

Prospects

❖ The surface and interface energies calculations for III-V/Si. 

❖ The influence of dislocations and antiphase boundaries.
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Validation of the methodology.

III-V

Si

- Pedesseau et al., arXiv:2303.15566 (2023)-

FOTON Inst.

Ω = 𝛾𝑆 𝑆𝑖 − 𝛾𝑆 𝐼𝐼𝐼−𝑉 − 𝛾𝑖 𝐼𝐼𝐼−𝑉/𝑆𝑖
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