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Regulated low cost pre-treatment step for surface texturization of large area
industrial single crystalline silicon solar cell
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ABSTRACT

Corveniional pre-ireatment process for saw damage remaoval before iesiurization of monocrysialline
sibicom walers is by highee r conoen raBon (6- 10K} caastic etchar 50-60 “C |n chis paper a novel low oost
approach for this pre-treatment of surface iexture by a new composiion ol o ssbum hydoecds
(Ma0H | and sodium by pochlonie (Ma0C) solution is reporied for industrial large area, high efficiency,
sngle crystalling silicon solar cells The moderate silicon stching rate of hol NaOH-MNa0C solution
penetates a better conirol on removal of damaged surface. This new damage etching prooess also helps
im the [ormason of opdimized pyramidal structure on silicon waler during textunzation. This process is
highly sitabde lor thin starting row walers with thicknesses in 150-200 pm range used by most of cell
manulscturing industries. Subsiantial recsction of yield loss dee to breakage of wabers is schioved by
using this modifled process. Oplimized recipe ol this surface lextarization prooess is ascertained by Lhe
Scanndng Electron Micrescapic [SEM) study of front iextured sarface on non-metallized and metallized
areas, Also reflectivity, cell dark and illuminated valtage-oorrent characteristic measure ments walidate
the superiarity of this prooess to the existing ane, which Gnall y keads (o low cost, improved guality salar

cells for any monocrystalline P indusiry.

1. Introedud ton

Reducthon of optical losses in single crystal silicon (C-54) solar
cells by surface texturing is one of the important issues of modern
silicon photoveltaics. Many reseapchers |1.2] have shown the
sellective etching of ¢ 100 silicon by wsing sodium or potassium
hydroxide solution For monocrystalline silicon solar cells, these
anisotropic etches are used to form pyramidal structure that can
collect the reflected light and trap the light inside the cells by
repeated reflections [34). In order o enhance the pyramid
mucleation, the interfacial energy of silicon/dectmbyte should be
reduced, so that sufficient wet ability for the slicon surface can
be achieved. lopropyl aloohol (IPA) s generally miked in the
solution in order o achieve good uniformity of pyramidal
structure an the silicon surface |5,6],

Pre-tex turizat ion damage removal process of the silicon helps
in remaoving the mechanically damaged surface and ot her surface
contaminants associated in ingot slicing process, The comven-
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rional damage rernoval process by higher concenration of NaOH
or KOH solution oftem results in non-uniform or incomplete
silicon etching. Ultimately it results in bad texturing, like non-
uniform pyramid heights or even no pyramid formation on some
waler areas [3], Presently most of the C-5i PV industries use thin
silbcon wafers [160-200 pm thickness) and high silicon eiching
rate of MaOH/KOH pre-treatment solution |7] poses difficulry in
muaonitoring the time duration of damage remaoval etching. During
higher duration of silicon etching, the breakage rate of silicon
walers increases during texturization, For less or incomplete
damage etching, defect centers and contaminants on waler
surface contribute to low open cincuit valtage (W) by enhancing
the cell leakage current, A modified process has been developed
by Gangopadhyay ct al. [8) to remowe these organic and inorganic
contaminants from the waler surface and this process generates
berter meaured surface. However, long and addidonal steps in
their process often create other productivity problems like higher
process cost and decrease in the number of wafers rextured per
hour. Also yield Ioss due to breakage of silicon wafers during
rextirication does nol redace as i alio mvobdses NaOHKOH
sobution for the damage removal process and thus inconsistency
indamage removal does niot com pletely be efiminated,



