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Abstract The reduction of optical losses in mono-crystalline silicon solar cell by surface texturing is a critical step to
improve the overall cell efficiency. In this study, we have changed the sub-micrometer structure on the micrometer
pyramidal structure by 2-step texturing. The Ag particles were coated on the micrometer pyramid surface in AgNO,
solution, and then the etching with hydrogen fluoride and hydrogen peroxide created even smaller nano-pyramids in these
pyramids. As a result, we observed that the changes of size and thickness of nano structure on pyramidal surface were
determined by AgNO, concentration and etching time. Using 2-step texturing, the surface of wafers is etched to resemble
the rough surface of a lotus leaf. Lotus surface can reduce average reflectance from 10 % to below 3 %. This reflectance is
less than conventional textured wafer including anti-reflection coating.

Key words Texturing, Lotus surface, Electroless deposition, Solar cell, Nano-texturing, Anisotropic etching, Mono-
crystalline silicon wafe
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Fig. 1. SEM images of textured mono-crystalline silicon wafer.
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Fig. 2. Reflectance spectra the samples (A, B, C) etched in a
NaOH/IPA solution. The inset shows Average reflectance in the
range 400~900 nm.
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Fig. 3. Mechanism of metal-assisted etching process.

Table 1
Conditions of 2-step texturing

A B C D E F

Coating time (sec) 20 30 40 20 20 20
Etching time (sec) 60 60 60 20 30 40
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Fig. 4. SEM images of nano-textured wafers by 2-step textur-

ing: (a)~(b) coating 20 sec/etching 60 sec, (c)~(d) coating
30 sec/etching 60 sec, (e)~(f) coating 40 sec/etching 60 sec.
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Fig. 5. Reflectance of (a) nano-textured wafers by 2-step texturing (condition A~C), (b) textured wafers, (c) and average reflectance
of etched wafer by 2-step texturing, (d) anti-reflection coated wafer.
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Fig. 6. SEM images of nano-textured wafers by 2-step textur-
ing: (a)~(b) coating 20 sec/etching 20 sec, (c)~(d) coating
20 sec/etching 30 sec, (e)~(f) coating 20 sec/etching 40 sec.
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Fig. 7. Reflectance of nano-textured wafers by 2-step texturing
(condition D~F). The inset shows average reflectance of nano-
textured wafers.
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