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We have investigated a new method to form an ultra-low reflectance crystalline Si surface, which is called the surface structure
chemical transfer (SSCT) method. The SSCT treatment forms a nanocrystalline Si (nc-Si) layer by contacting a Pt sheet
attached to a roller with a Si wafer in HF+H202 solutions. In the case where only a Pt sheet is used as a catalyst for the SSCT
treatment, the porosity of the formed nc-Si layer is almost uniform in the whole region of the layer. When 1 ppm Ag" ion is
added to the reacting solution, the porosity of the nc-Si layer decreases with the depth. Because of the uniform porosity of the
former nc-Si layer, the refractive index is almost constant in the whole region of the layer, and the low reflectance is attributable
to the light interference effect. On the other hand, the porosity in the latter nc-Si layer increases with the depth, resulting in the
refractive index increases with the depth. As a result, the reflectance decreases to under 3% in the wide wavelength region
between 300 and 800 nm.

The enormous surface area of the nc-Si layer results in a high surface defect density. To effectively passivate the nc-Si layer,
we have developed a method using phosphosilicate glass (PSG). PSG is composed of silicon oxide (SiOx) including
phosphorus, and its softening point is lower than pure SiOx because of the presence of phosphorus. Therefore, PSG melts during
heat treatment at ~900°C and penetrates into the nc-Si layer up to ~160 nm to fill the pores, leading to passivation of the Si
surface.

When PSG almost perfectly fills the pores in the nc-Si layer, the minority carrier lifetime increases with the thickness of the
nc-Si layer. This result indicates that the nc-Si layer itself can suppress surface recombination. To investigate the band
structure of the <nc-Si layer/Si> structure, the PL spectra, XPS VB spectra and KPFM are measured. From these measurements,
we have concluded that the band-gap of the nc-Si layer gradually become wider toward the surface, resulting in the graded band
structure. The widened band-gap at the nc-Si layer effectively prevents the hole transfer toward the surface, leading to
suppression of surface recombination. Moreover, by optimizing the concentration ratio of solutions used for the SSCT
treatment, we have succeeded to fabricate the <nc-Si layer/Si> structure with steeper graded band structure. The structure
induces strong electrical field in the nc-Si layer, leading to the internal quantum efficiency higher than 80% in the short
wavelength region (300-400 nm) where the nc-Si layer absorbs almost all incident light.

The p*-layer formed by B doping in the nc-Si layer can effectively suppress the carrier recombination at the rear surface due to
its strong electrical field induced by doped boron and also the widened band structure. A PEDOT:PSS layer is deposited for

formation of an electrical field in the rear surface region, and in this case, the open circuit voltage 623 mV is obtained.
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