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Epitaxy: Serves a multi‐billion € market
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Carlin et al., phys. stat. sol. (b) 242, No. 11 (2005)

III/V materials

Devices: Laser, FETs, HBTs, Photodetectors, Modulators, Solar 
cells, ….

Substrates: GaAs, InP, Sapphire, Si, Ge, …



Dominant methods
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Metalorganic vapor phase epitaxy Molecular beam epitaxy

• Metalorganic sources
• Chemical reactions involved
• Larger growth rates
• Stoichiometry easily adjustable
• Multi‐wafer tool

• Elemental sources
• Growth by surface adsorption
• Ultrahigh vacuum conditions
• Very clean layer growth
• Multi‐wafer tool



Pros and Cons of epitaxial solutions
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Pros

• Superior layer properties
• Mass production

Cons

• Production costs
• Wafer scale deposition technique
• Layer quality suffers on 

heterosubstrates

How to expand the economic impact of epitaxial approaches?

Local growth approaches



Local epitaxial growth
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• Stress control
• Defect engineering
• Pillar growth
• Positioning



Outline
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Local growth approaches for:

1. Strain and defect management in GaN‐on‐Si

2. Deterministic quantum dot growth

3. Laser‐assisted local epitaxy



STRESS AND DEFECT
MANAGEMENT
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GaN‐on‐Si
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Thermal mismatch

GaN

GaN

GaN:Si

AlN

Lattice mismatch

GaN‐on‐Si attractive for LED and power transistors



Lateral overgrowth on patterned Si(111) surface
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GaN

Si(111)‐substrate

GaN GaN

5 µm

 Pre-patterned,non-planar Si(111) substrates

 Favourable growth on Si ridge

Strittmatter et al., Appl. Phys. Lett. 78, 5 (2001)



Orientation dependence
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Dislocation reduction
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 1010 cm-2 on ridge

 Dislocation bending at 60°-facets



Optical properties
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Strittmatter et al., Appl. Phys. Lett. 78, 5 (2001)



A. Krost and A. Dadgar, Mat. Sci. Eng. B93, 77 (2002)
Y. Honda et. al., Appl. Phys. Lett. 80, 222, (2002)

Selective area growth of GaN-on-Si(111)
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Selective area growth of GaN-on-Si(111)
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Cracks do appear, but propagate in the masked regions

A. Krost and A. Dadgar, Mat. Sci. Eng. B93, 77 (2002)



GaN micro‐pillar arrays
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Choi et al., SCIENTIFIC REPORTS | 7: 14917 | DOI:10.1038/s41598‐017‐14884‐x



POSITIONING OF
NANOSTRUCTURES
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Quantum dot based single photon source
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Lochmann et al., Electron. Lett. 42 (2006)
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Single photon emission
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A. Lochmann et al., phys. stat. sol. (c) 4 (2007) 



Post-growth selection – low device yield
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[QD]~3∙108 cm‐2 [QD]~2∙107 cm‐2

• Poor yield of identical devices
• Undefined lateral position: Reduced optical efficiency in micro‐cavity structures



Strain and QD formation
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Strain‐induced vertical correlation

V. Shchukin and D. Bimberg, Phys. Rev. Lett. 75, 2968 (1995)
V. Shchukin and D. Bimberg, Appl. Phys. A 67 (1998)

N. N. Ledentsov et al., Phys. Rev. B 54, 2968 (1996)
V. Shchukin and D. Bimberg, Appl. Phys. A 67 (1998)

Local strain fields control QD position !



Oxide layer /volume reduction
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• sharp interface oxide/aperture region
• vertical contraction by 6%

130 nm
138 nm

Oxide layer AlAs/AlGaAs sandwich

Boundary

QD growth plane

Aperture surface profile
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Control of GaAs surface strain
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 Compressive strain above oxidized area

A. Strittmatter et al., Appl. Phys. Lett. 100 (2012)
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 <1 µm aperture ⇔ single strain maximum



Elastic energy of InAs / pre-strained GaAs
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 Dark areas: low elastic energy
 Preferred region for InAs enclosed by red lines



QD alignment
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 QD nucleation follows aperture size and shape

Mesa ∅ = 20 µm Mesa ∅ = 14,7 µm 

Mesa ∅ = 14 µm Mesa ∅ = 13,2 µm 

A. Strittmatter et al., Appl. Phys. Lett. 100 (2012)



Ultra-high selectivity/ Single QD growth
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 Deterministic QD formation at mesa center
 Site‐controlled QD growth with nm‐resolution

Mesa ∅ = 20 µm 

A. Strittmatter et al., Phys. Stat. Sol. A 209 (2012)

Fine‐tuning of layer thickness:



Quantum dot alignment
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Square-like Needle-like Chain-like

 QD alignment follows aperture boundaries

 Different stressor shapes possible by mask layout/oxidation process

 Corners exihibit higher QD densities



Local epitaxial growth
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Beneficial for solving growth
related issues

Attractive for
heterogeneous integration

Sensors

Sensors:
• Cheap
• highly customized
• dominated by MEMS
• 2022: > 200 billion dollar, but highly fragmented market



LASER‐ASSISTED LOCAL EPITAXY
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III/V crystalline layer structures on Si
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TASE ( Template assisted selective epitaxy)
S. Wirths, B. Mayer, H. Schmid, M. Sousa, J. Gooth, H. Riel and K. Moselund
ACS Nano, 2018, 12 (3), pp 2169-2175

Defect-free nucleation within hollow SiO2 template
structures

V-grooves

Defects trapped within V-grooves

Y. Wan, J. Norman, Q. Li, M.J. Kennedy, D. Liang, C. Zhang, D. Huang,
Z. Zhang, A. Liu, A. Torres, D. Jung, A. Gossard, E. Hu, K. Lau, J. Bowers,
optica, 2017, Vol. 4, No. 8, pp 940 - 944



Main issue for III/V‐on‐silicon
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Temperature mismatch for III/V growth and silicon processing

III/V growth: 600 – 800 oC
Si processing: 1000 oC

CMOS circuits: tolerable temperature load < 400 oC



III/V‐on‐silicon
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Main issue: temperature mismatch for III/V growth and silicon processing

III/V: 600 – 800 oC
Si: 1000 oC

CMOS circuits: tolerable temperature load < 400 oC

Laser-assisted local epitaxyKeep heat away from electronics



Laser‐assisted local epitaxy
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Local MOVPE growth
Temperature profile

Growth profile

- laser heating of spot-like area
- local heat profile

Substrate



Laser‐assisted local epitaxy
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D.J. Ehrlich and J.Y. Tsao, J. Vac. Sci. Technol. B 1(4), Oct.‐1983 

Poly-Si stripes using Ar-ion laser

Gold stripes using Ar-ion laser

Thomas H. Baum and Carol R. Jones, Appl. Phys. Lett, Vol. 47, No. 5, 1985

Local epitaxy
Temperature profile

Growth profile

- laser heating of spot-like area
- local heat profile

Substrate



The idea of local epitaxy
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D.J. Ehrlich and J.Y. Tsao, J. Vac. Sci. Technol. B 1(4), Oct.-1983 

Poly-Si stripes using Ar-ion laser

Local epitaxy
Temperature profile

Growth profile

- laser heating of spot-like area
- local heat profile

Substrate

GaAs growth by laser-assisted epitaxy
N.H. Karam, H. Liu, I. Yoshida, B. L. Jiang and S.M. Bedair, 
Journal of Crystal Growth 93 (1988) 254 - 258

Takashi Meguro, Sohachi Iwai, Hideo Issiki, Takuo Sugano, and Yoshinobu Aoyagi
RIKEN Review No. 1 (April, 1993)



Reactor concept for MOVPE
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𝑇 𝑅𝑇

Criteria: 

- Chamber compatible with MOVPE

- Homogeneous III/V distribution
within laser spot

- efficient wafer cooling



Heat distribution
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Temperature saturation after 1.5 ms

 Laser: Gaussian beam profile

 Beam width: 200 µm

 Pyrolithic decomposition: > 600 K

 Wafer backside: T=293 K



Simulation of GaAs reaction zone
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GaAs growth after 5 s

growth rate ~ 3 µm/h 
for 400 x 400 µm area

• Simulated growth rate:  3 µm/h
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• Concentration decreases below 600 K due 

to vanishing pyrolysis

• No adatom diffusion included



Reactor
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Fiber-coupled IR LD: 
P = 60 W, λ = 980 nm

Optics: 
constant focus length

separated from reactor by a 
quarz window

Fast-acquisition pyrometer:
- single wavelength

Gas inlet: 
III/V and purge supply

Wafer stage: 
xyz - manipulator with integrated backside cooling

Camera: 
Optical viewport onto
wafer surface



AlAs growth on Si(111)
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~ 100 µm



Conclusion
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Local growth approaches solve problems in heteroepitaxy

Local positioning of quantum dot structures by buried stressor

Laser assisted selective epitaxy attractive for
 cost‐effective, low‐volume epitaxy
 Multi‐parameter optimization in one run
 Multi‐materials/multi‐structure growth on one wafer
 Complex integration schemes
 functionalization
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