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Research Portfolio

• InGaN/GaN Blue LEDs

• Type II SL IR photodetectors

• Quantum cascade lasers

• Si/Ge  nanocrystals for solar cells

• Plasmonic cavities

• Plasmon-exciton interactions

• InGaAs/AlGaAs High power diode lasers

• Laser-matter interactions



Si/Ge  nanocrystals for solar cells
Solar Cells: First Generation

Single crystal Si Multi crystal Si

Module efficiency: %15-20 Module efficiency: %13-16

Market share: % 35 Market share: % 49

Si single crystal based PV solar cells



Solar Cells: Second Generation 

Module efficiency: %11-13 Module efficiency: %10-12 Module efficiency: %8-10

Market share <%1 Market share : % 8 Market share : % 5

THIN FILM SOLAR CELLS



Third Generation Solar Cells

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

production cost

Any solar cell concept with limiting efficiency exceeding the 

single junction limit

3rd generation solutions

Nanosponge, Si/Ge Nanocrystal Networks



Motivation: bandgap variation with the size

Si Nanowires in SiO2

Courtesy:

C. Bulutay



Bandgap variation with the size

Priolo et al., Nature Nanotechnology, 2004



Experiment





Experiment

PECVD Sputtering

O/Si ≈1

H series : SiH4:H2 + N2O
N series : SiH4:N2 + N2O
C series :  SiH4:H2 + CO2



Experiment: Furnace Annealing

 (Rapid Thermal Procesing)



Experiment:Laser processing



Raman characterization
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Laser Processing



Sample H3
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nc-Si

a-Si

intermediate 

states of silicon

Sinc peak after deconvolution

-peak shift from 512 to 516 cm-1

-decrease of FWHM

Raman spectroscopy analysis of laser annealed SiOx
films: effect of irradiation laser power density.

APS March Meeting Boston, February 27-March 2, 2012

PECVD grown sample, precursor gasses: SiH4:H2 

500sccm / N2O 6sccm
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Raman spectroscopy analysis of laser annealed SiOx
films: effect of composition.

Raman spectra of PECVD grown hydrogenated SiOxNy films with different precursor gas

flow ratios, after irradiation with Ar+ laser beam up to 40.7 mW/cm2 power density.

APS March Meeting Boston, February 27-March 2, 2012



Ge Nanocrystals embedded in SiO2 and Si3N4

Cosente et al., J.Appl. Phys., 115 043113, 2014





Ge nanocrystals in SiNy



Structural Analysis: TEM

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 PETRA III.  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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