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Optoelectronic properties of nc-Si vs. structure
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A.Mattoni et al. submitted (2008), L. Bagolini et al. submitted 
(2008), G. Fugallo et al. In preparation

TASK 1.1 Classical MD simulation of the nanostructure of nc-Si in one a-Si matrix

TASK1.2 Calculation of electronic properties of the nc-Si and a-Si matrix quantum confinement. 
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Generation of atomistic models
D1.1.1.1 Generation of atomistic models of nc-Si and nc-Si/a-Si interfaces by large-scale MD
simulations

CMPTool: a set of higly efficient parallel 
numerical libraries for computational 
materials science developed in collaboration 
with Caspur (ROME)

Thermal induced crystallization: 
Crystalline fiber embedded into an 
amorphous phase acts as seed for 
recrystallization
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Interface atomic mobility
D2.1.1.1 Structural characterization of nc-Si and nc-Si/a-Si (e.g. crystalline vs. amorphous ratio, stress 
effects due to lattice-mismatched substrates), Determination of a/c interface atomic mobility under 
arbitrary temperature/stress conditions; Modelling of microstructural evolution

QuickTime™ e un
decompressore Cinepak

sono necessari per visualizzare quest'immagine.
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Isolated embedded grain

Growth of an embedded nanocrystal during a 
constant temperature annealing
RESULTS: 

A. Mattoni et al. PRL 99 205501 (2007)

- the growth of embedded 
nanograins is described 
by a power law of time
- faceting phenomena are 
observed
- spontaneous formation 
of twin boundaries

HRTEM
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Distribution of grains

Kinetics of crystallization distribution of 
grains during a constant temperature 
annealing

A. Mattoni et al. PRB 78 075408 (2008)

RESULTS: 
- crystallization is thermally activated
- the kinetics of growth deviates from 
the continuum theory of phase 
transformation because of atomic 
scale features (grain boundaries, local 
strain, etc.)
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tools for characterization
D1.1.1.2. Development of new computational tools (software) for structural characterization
of stress/strain fields in complex nanostructured and amorphous systems
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atomistic-continuum

D2.1.1.2 Report about the integration between atomistic modelling of stress-strain
relationship with continuum theory
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Optoelectronic properties of nc-Si

What is the relation between the optical absorbtion
and the actual amount of crystalline and amorphous phase?

Is it possible to calculate the absorption properties of such large
Systems? 

Task 1.2 Semiempirical calculation of electronic properties of the nc-Si and a-Si
matrix quantum confinement. (SLACS CNR-INFM team)
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Nearsightedness (NEM) 

MEM ~ nat cell N

Divide and conquer (DaC) 
approach for DFT
Yang et al. PRL 66, 1440 
(1991)

CPU time ~ nat cell
2N

DaC based on Empirical  Tight Binding sp3s* 
(TB model of Vogl, 1981)  

D3.1.2.1 Development of a new code (software) for electronic structure calculations of large
systems, as base on empirical methods, like tight-binding or pseudo-potential ones.
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Structure vs. optoelectronics
D4.1.2.1 Determination of the average valence band-offset at nc-Si/a-Si interfaces and mixed-phase 
silicon Determination and reporting about the role of local strain conditions on the electronic 
structure
Comparison with experimental data coming from nanostructural and optoelectronic
characterization ( WP3, tasks 3.1 and 3.2) and from quantum confinement studies
(WP3, task 3.1)
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2D maps t=2
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2D maps t=4
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2D maps t=12
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Structure vs. optoelectronics

Ω(χ) =Ωa − (Ωa −Ωc )χ
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Confinement

Ωeffective(R)

Ω(χ) =Ωa − (Ωa −Ωc )χ

D5.1.2.1. Investigation of electron wave-function confinement effects within the
nanocrystalline phase
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Confinement vs. localization

1. Electronic localization is due to angular 
distortions and occurs mostly in the 
amorphous phase and sometimes at the a-c 
boundary

2. Electrons are localized in the crystal phase 
in case of subnanometric grains 
(paracrystalline phase)

D5.1.2.2. Determination of the role of structural defects on electronic properties Comparison with experimental data 
coming from both nanostructural and optoelectronic characterization ( WP3, tasks 3.1 and 3.2) and from quantum
confinement studies (WP3, task 3.1)
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Role of hydrogen

D6.1.2.1. Determination of the effect of 
dissolved hydrogen on the underlying 
electronic
properties of the mixed-phase system. QuickTime™ e un

decompressore TIFF (LZW)
sono necessari per visualizzare quest'immagine.
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Conclusions

1. Understanding atomic scale structural features
(twin boundaries, a-c interfaces, local strain)

2. The role of temperature induced microstructure 
evolution (crystallization)

3. The sensitivity of the absorption properties of the  
amorphous phase

4. Confinement related to hydrogen
5. Localized states in subnanometric grain
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