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Introduction

Morphological evolution of SiGe layers on :

* Si(111)
* Sj(001)

Conclusion




CONFIGURATIONAL FORCE
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density  out of the way R = principal radius of curvature

B = surface onentation



GROWTH MODES
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During epitaxy

Surface energy
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Stranski-Krastanov growth mode : 2 critical thickness
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(001) (111)
Growth instability il Layer by layer growth




GROWTH OF SiGe ON Si(111)




REGIME I: 2D nucleation

Step flow layer by layer growth

N1 o BN A R T

IRFE AR L

I. Berbezier et al.. Surf. Sci. 412/413 (1998




REGIME I1:
3D GROWTH

3D islands + dislocations



Morphological Evolution of SiGe Layers:
Experimental « kinetic » phase diagrams, Si(111)
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Te ~550°C

2D-growth

2D layer by layer at low (h,m)

Classical SK growth (dislocated islands) at high (h,y




Equilibrium shape of Ge / Si
+ E

Et-:-ta] = Lelastic T E edge"

surface

_STsi-:ln(
cos Bl smtan B

23
F = v) (1 -5

[710]

]

[111]

Corresponds to the experimental results

A. A. Stekolnikov and F. Bechstedt, PHYS. REV. B 72, 2005
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GROWTH OF SiGe ON Si(001)




Morphological Evolution of SiGe Layers:
Experimental kinetic phase diagrams, Si(001)

Tg ~550°C
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REGIME I:
ROUGHENING

Remains flat during annealing
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Stress Relaxation : XRD analysis

3i0.7Ge0.3/Si(100)

[110] ‘

‘ No relaxation

S10.7Ge0.3Si(100

[110]
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Small relaxation (0.2%)
(Ad/d~1.2% if total relaxation)
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Influence of vicinal substrate
TEM Cross-section
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As grown

Annealed 550°C
(1h — 18h)

[113] facets
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: Huts = Domes

Transition
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Huts and Domes

0.25% and 0.85% relaxation
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Scan : 2 pm

Annealing 550°C 18 h
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Stress Relaxation

Aspect ratio / Relaxation
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Faceted islands

I I

Huts & Domes
2D-growth

No Kinetic instability
No strained islands

Regime II: growth instability
Regime III: islands
Morphological island transition
explained by stress relaxation



Stress driven instability 2?7

Total surface free energy :

-« v T~

Capillarity energy: Elastic relaxation : Strain fields gradients

Macroscopic strain models cannot explain :
e comparison (111) / (001)
* wires perpendicular to step edges

New model




SK on (001) # relaxation of elastic energ

- Surface reconstruction

-Sufrface energy of vicinal surface

-step Interaction

Tensile strain

Linstrainad




Ge(105)
= minimum of surface energy

Surface Energy (meV/A%)

Ge(D01)_2x1
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Si(111):

Si(001)




