On the dynamics of phase separation under
laser irradiation of Si/Ge rich oxides
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Si/Ge nanocrystals for solar cells
Solar Cells: First Generation

Single crystal Si Multi crystal Si

Si single crystal based PV solar cells
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Solar Cells: Second Generation
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Third Generation Solar Cells

Any solar cell concept with limiting efficiency exceeding the
single junction limit

3rd generation solutions
Nanosponge, Si/Ge Nanocrystal Networks

Main Motivation : lower cost, higher efficiency and/or lower
production cost



Motivation: bandgap variation with the size
Si Nanowires in SiO,
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Bandgap variation with the size
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Experiment
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Experiment

PECVD Sputtering

. R . R Base pressure 4 .5x10-6 Torr
H series : SIH4'H2 + Nzo Working pressure 4 mBar
. . Process gases Ar 20 seem Hy 4 seem
N series . Sl H 4° N 2 + N 20 Process temperature | Room temperature
. . Time 1 hour
Cseries: SiH,:H, + CO, Power (51 5T W DC
Power (Si0;) 180 W RF
Film thickness 250 nm
Gas mixture
(SiH,:H,+N,0
or SiH‘::H22+CZOZ) Electrode

RF Source C < >

Sample Holder
Arin Sputtered Vacuum

Pressure == atom —]
controller '\/ AC or DC

Vacuum Target _| Voltage
Electrode B

Flow conroller

Plasma

Heater Sample

O‘Si =]



Experiment: Furnace Annealing
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Experiment:Laser processing
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Raman characterization
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Laser Processing
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Raman spectroscopy analysis of laser annealed SiO,
films: effect of irradiation laser power density.
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Raman spectroscopy analysis of laser annealed SiO,
films: effect of composition.

Raman spectra of PECVD grown hydrogenated SiO;N, films with different precursor gas

flow ratios, after irradiation with Ar+ laser beam up to 40.7 mW/cm? power density.
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Ge Nanocrystals embedded in SIO, and Si;N,
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Light harvesting with Ge quantum dots embedded in SiO, or SizN,
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Nanoscale

View Article Online
View Journal

CrossMark The role of the interface in germanium quantum
dots: when not only size matters for quantum
confinement effects++
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Fig. 1 Typical cross sectional HAADF STEM images of Ge QDs in SiO,.
Bright spots correspond to Ge QDs obtained by sputter (a) or PECVD
techniques (b) from SiGeO films having ~1.3 x 102 at cm~> of Ge.
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Ge nanocrystals in SINy
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Fig. 3. Raman spectra of samples with prolonged vacuum anneal
of SIN:Ge films at 1050 °C.



. TEM

1S

Structural Analys

3 )
WM%:W .o“wm
e

faay
L

T

Y
A
g

8y

2
i
A

Eren Kalay, METU



Proposal

Study in-situ dynamics of phase separation during cw/pulsed
laser irradiation of Si/Ge rich oxides.

Study in-situ crystallisation dynamics,using short pulse X-
rays produced in PETRAIIl. Very fine collimated beams may
make it possible to study extremely small nanocrystals of <10
nm.

Grazing Incidence Nuclear Resonant Scattering for
morphological and structural changes along with mapping of
the strain on the nanocrystals, effecting their optical and
electronic properties.
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