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Abstract

In this research, thin film of nao-crystalline silicon dots (nc-Si dots) in phosphorus
silicate glass (PSG) was investigated for an approach of novel tandem solar cell. The nc-Si
dots film prepared from Si ink composite were formed by spin-coating technique. The
results were shown the small pores in the diameter of 50-70 nm were appeared at the
surface morphology of the particular PSG phase owing to higher hydrolysis reaction.
Meanwhile, small spherical nc-Si particles with the approximate diameter of 50 nm were
found at surface of the nc-Si dots. This surface morphology with some spherical particles
can lead to an advantage of high light-trapping. It was found that the conductivity of nc-Si
dots in PSG phase is higher than that in SiO, phase by 5 times, approximately. This result is
noted that PSG phase has more effective conductivity improvement than SiO, phase. In
addition, the higher amounts of nc-Si dots (0.03¢, 0.06¢, and 0.10g) seems to effect directly
on the conductivity due to mostly possible effect of direct tunneling of such carriers or of
phonon assisted hoping, nonetheless, increasing defects from the interface states between
nc-Si dots and PSG phase inevitably occur and become worse of the film conductivity.

The optical properties were resulted that transmittance (%T) of nc-Si dots 0.1¢g in

PSG phase obtains the increase of 24.54%, 35.53%, and 37.62% in the annealing conditions

at 50°C 150°C and 200°C, respectively. It is due to an existence of more surface oxidation

of nc-Si dots. The increase of annealing temperature of films finally results in the decrease

of reflectance (%R) of 18.39%, 17.98%, and 17.41% at 50°C 150°C and 200°C, respectively.
According to Tuac’s plot, the increase values of optical band gap (E,) are 1.36 eV, 1.52 eV,

and 1.56 eV by increasing the annealing temperature of 50°C 150°C and 200 °C,
respectively possible owing to a decrease of nc-Si dots size. Furthermore, the spectral of
refractive index (n) of nc-Si dots in PSG phase are below comparing with that of c-Si bulk.
Refractive indices are in between 1.65 and 3.25, which depend on the varying nc-Si dot
densities. Therefore, the use of nc-Si dots in PSG film can be an alternative way to extend
E, value and to obtain the both of optimizing n value for increasing critical angle (6.) of
light incident and low k value in the short range of the light wavelength. Because of good
responsibility of nc-Si dots in PSG phase in the shorter wavelength, nc-Si dot thin film can

be applied for approaching silicon tandem solar cells.





