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Context

Photonic integrated circuits (PICs):

PIC from Haisheng Rong's (Intel) presentation on the prospects of silicon photonics at SPIE Advanced Lithography and Patterning
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Context

C. Besancon: «Intégration hybride de sources laser III-V sur Si par collage direct et recroissance pour les télécommunications à haut débit», 2020
H. Yoon et al, Sci. Adv.8, 2022, DOI:10.1126/sciadv.add5328
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Challenges

Twins
Substrate preparation

Dislocations
Lattice mismatch

APBs
Crystal symmetries
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III-V
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Diamond = centrosymmetric

Higher degree of symmetry

Zinc Blende = polar
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Short-cut
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Few demonstrations of APB annihilation

APB

0° 1.5° 6°

Miscut angle

No clear explanation of the mechanism

M. Coste: «Intégration hétérogène de GaAs sur Si à partir de nano-germes : étude de la nucléation et de la croissance de micro-cristaux sur substrats Si (001) et (111)», 2018



III-V growth process
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Volmer-Weber growth mode

III-V nuclei

III-V 3D stable 
islands

Heterophase
coalescence

Si

Si

Si

I. Lucci et al, Physical review materials, 2, 2018, DOI: 10.1103/PhysRevMaterials.2.060401
A. Ponchet et al, Applied Physics letters, 2018https://doi.org/10.1063/1.5055056  



Miscut transfer in one [110] direction Si [110]
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APD burying model

C. Cornet et al., Phys. Rev. Materials, vol. 4, no 5, p. 053401, mai 2020, doi: 10.1103/PhysRevMaterials.4.053401
Kinetic Monte Carlo simulation by Vladimir Kaganer (PDI) 

APDMPD

Growth rate imbalance: 
One domain is buried because it grows slower

V III

Step-flow
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GaSb on Si APD burying
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M. Rio Calvo et al, Advanced Electronic Materials 8, 2100777 (2022) 
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GaSb on Si APD burying
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M. Rio Calvo et al, Advanced Electronic Materials 8, 2100777 (2022) 
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GaSb on Si APD burying
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M. Rio Calvo et al, Advanced Electronic Materials 8, 2100777 (2022) 
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GaSb on Si APD burying

APB density : 
buried at 550 nm
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M. Rio Calvo et al, Advanced Electronic Materials 8, 2100777 (2022) 
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GaSb on Si APD burying

Si 0.5°
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M. Rio Calvo et al, Advanced Electronic Materials 8, 2100777 (2022) 
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GaSb on Si APD burying
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M. Rio Calvo et al, Advanced Electronic Materials 8, 2100777 (2022) 
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GaSb on Si APD burying
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M. Rio Calvo et al, Advanced Electronic Materials 8, 2100777 (2022) 
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GaSb on Si APD burying

500 nm

Depth difference : 
3% growth rate difference
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M. Rio Calvo et al, Advanced Electronic Materials 8, 2100777 (2022) 
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GaSb on Si APD burying

Depth difference : 
3% growth rate difference

APB density : 
buried at 550 nm
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One domain grows slower and is buried

500 nm

MPD APD
Si 0.5°

M. Rio Calvo et al, Advanced Electronic Materials 8, 2100777 (2022) 
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APD is buried 

Universal burying

3D islands larger than 
Si monoatomic steps 

Coalescence of III and 
V-polar phases 

33 nm

0 nm

V-polar phase grows 3% 
faster and overgrows 

the APD

D. Han et al, J. Appl. Phys. 114, 113101 (2013); doi: 10.1063/1.4820255
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GaAs APBs burying

6 nm

0 nm

LOW T°C growth 

Stripes alternation APD/MPD alternation

50 nm

APDMPD

Si

GaAs

31 nm

31.7 nm

Domain width = mono-atomic terrace width
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7.3 nm

0 nm

APD stripes shrinks

LOW T°C growth 

GaAs APBs burying
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12.8 nm

0 nm

Lines

LOW T°C growth 

GaAs APBs burying
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12.1 nm

0 nm

Lines disappear

LOW T°C growth 

GaAs APBs burying
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15 nm

0 nm
Elongated shapes // miscut

100 nm LOW T°C + 400 nm MT°C  

miscut

Different initial phase distribution + no step-flow

GaAs APBs burying
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9 nm

0 nm

miscut

GaAs APBs burying

One phase expands faster towards the other

Islands grow faster in [110] direction 
because of a difference in diffusion length 

[110] 

[110] 
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3D islands smaller than 
Si monoatomic steps 

Coalescence contained 
in terraces:

Alternation APD/MPD 

APD is buried Faster growth in [110]:
MPD overflows APD 

[110]

[110]MPD

APD

Universal burying
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Summary

A. Gilbert et al, Advanced Optical Materials, May 2023, https://doi.org/10.1002/adom.202203050

Si: centrosymmetric

Lower symmetry of III-V: two phases 

500 nm GaSb on Si 0.5°
Rms: 0.94 nm

500 nm GaAs on Si 0.5°

Rms: 1.85 nm 

500 nm GaSb on Ge 0.5°

Rms: 2.20 nm

500 nm InAs on Ge 0.5°

Rms: 14.69 nm

Thank you for your attention
See M. Fagot’s poster «ICLs à 3,3 µm sur substrats de GaSb, GaAs et Si (001)» 

Miscut 
transfer in [110] direction

breaks the symmetry 

[110]

[110]

[110]

[110]

Anisotropy
faster incorporation in V-steps  

faster island elongation in [110]

15 nm

1 µm





8 nm

0 nm
350°C

Stripes
Organization
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12 nm
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420°C
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470°C

No stripes
No organization

14 nm

0 nm



24 nm

0 nm

520°C

No stripes
No organization



520°C

470°C

420°C

370°C

350°C

Stable island size > Si terraces

Nucleation-driven

Stable island size < Si terraces

Terrace-driven

Regime transition



What could go wrong?

III-V not adapted / 
limits of the 
experiment Miscut angle (degree)
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Initial islands too large

J. Appl. Phys. 114, 113101 (2013); doi: 10.1063/1.4820255

Y. B. Bolkhovityanov and O. P. Pchelyakov, Phys.-Uspekhi 51, 437 (2008)

0.04

Facets impede step-flow

GaAs/Si

GaP/Si

Adv. Funct. Mater. 2018, 1801585: doi: 10.1002/adfm.201801585
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Si terraces vs period
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