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Abstract: The enhanced photoelectric conversion is demonstrated in nanostructured photovoltaics 
using colloidal lithography and reactive-ion-etching (RIE) techniques. From the reflectance 
spectroscopy, trapezoid-cone arrays (TCAs) Si with SiNx passivation layer effectively suppress 
the reflection in the wavelength range from 400 nm to 1000 nm. The power conversion shows the 
TCAs Si solar cell with 120 nm thickness of SiNx passivation layer achieves 13.736%, which is 
8.87% and 2.56% enhancement compared to the conventional KOH-textured photovoltaics and 
TCAs with 80-nm-thick SiNx, respectively. An optical simulation based on RCWA describes the 
optimized shape of nanostructure to further reduce reflectance for maximum light absorption.  

 
1. Introduction 



of the long wavelength (λ> 600nm) and reduce the electron-hole pairs which are trapped by surface states. From 
electromagnetism wave theory, the relation between dielectric material thickness and reflectance minimum 
wavelength are as following equation, D=λ/4n (D: dielectric material thickness; λ: reflectance minimum wavelength; 
n: refraction index) , in other words, the thicker dielectric material layer we choose, the longer reflectance minimum 
wavelength we get, so the TCAs with 120-nm-thick SiNx makes the reflectance minimum wavelength red shift and 
reduces the effect of surface state. The KOH textured cell was made by wet etching process, so the surface state is 
fewer than dry etching process. 

4.  Simulation  

Different nanostructured antireflection surfaces were modeled using rigorous coupled wave analysis (RCWA) 
The nanotrapezoid arrays were approximated to a stack of cylinders with increasing radii from air to the substrate 



 Voc Jsc F.F. ɳ 
KOH & 80-nm SiNx   0.594 30.21 70.25 12.61 
TACs & 80-nm SiNx  0.591 32.45 69.82 13.39 
TACs & 120-nm SiNx  0.589 33.63 69.31 13.73 

Tab. 1. The J-V measurement of KOH-textured with 80-nm-thick SiNx, t-cone with 80 & 120-nm-thick SiNx. 
 

 
Fig. 2. The measured (a) reflectance spectra and (b) EQE of KOH-textured with 80-nm-thick SiNx, TACs with 80&120-nm-thick SiNx. 

 

 
Fig. 3. (a)(b) Schematic diagram of nanotrapezoid and nanonipple arrays model in simulation. (c)(d) Contour plot for the calculated short-circuit 

current density of nanotrapezoid and nanonipple arrays as a function of the periods and heights. 
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