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Crystalline Si solar cells currently dominate the photovoltaic (PV) industry. The cost burden of Si 

wafers accounts for 40% of the module cost, retarding the mass deployment of Si PV devices. 

Thus, use of ultrathin absorber has surfaced as a critical issue to realize high-efficiency and low-

cost c-Si solar cells. Thinner Si absorber has seriously lower optical absorption, due to the indirect 

bandgap, and hence there have been intensive efforts to enlarge optical thickness of Si. 

Resonant/guided optical mode excitation and plasmonic effects have been suggested as new 

approaches in addition to traditional light trapping strategies, including surface texturing and 

antireflection coating. In nanostructures, it is often large surface-to-volume ratio often causes 

carrier recombination and resulting electrical loss. Therefore we need to find device architectures 

maximizing both absorption of incident light and collection efficiency of the photogenerated 

carriers. 

In this talk, I will present experimental and simulation studies of solar cells with micro-/nano-scale 

patterns of Si absorber, transparent conducting oxides, and metal contacts. The nanostructures 

exhibit enhanced optical absorption in broad wavelength range, compared with the planar 

counterparts. Finite-difference time-domain (FDTD) simulations clearly revealed that the patterns 

concentrate the optical field near the surface with the help of the resonant guided mode formation, 

the Fabry-Perot interference, and the antireflection effect due to the graded refractive indices. The 

concentration of light near the surface enables very efficient carrier collection, well supported by 

the experimental quantum efficiency data. All these results suggest that the patterned absorbers 

can provide a very promising way to realize high-efficiency and low-cost Si solar cells. 
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