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Abstract : Cleaning procedure of solar silicon wafer, following ingot sawing process in solar cell production is studied. Types of
solar silicon wafer can be divided into monocrystalline or multicrystalline, and slurry sawn wafer or diamond sawn wafer according
to the ingot growing methods and the sawing methods, respectively. Wafer surface and contaminants can vary with these methods.
The characterisitics of contaminants and wafer surface are investigated for each cleaning substrate, and appropriate cleaning agents
are developed. Physical properties and cleaning ability of the cleaning agents are evaluated in order to verify the application in the
industry. The wafers cleaned with the cleaning agents do not show any residual contaminants when analyzed by XPS and regular
patterns are formed after texturization. Furthermore, the cleaning agents are applied in the production industry, which shows su-
perior cleaning results compared to the existing cleaning agents.
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Figure 1. Process of silicon wafer production.
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Figure 3. Wire-sawing methods (a) slurry sawing (b) diamond sawing[14].
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Figure 4. Qualitative analysis of diamond sawn wafer surface by
Raman spectroscopy.
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Figure 5. SEM picture of contaminants.
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Figure 6. XPS analysis of contaminants on wafer surface.
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Table 1. Cleaning agents composition for solar silicon wafer
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Cleaning agents | For monocrystalline | For multicrystalline
Ingredients | SW1 SW2 SW3 | SW4 SW5 SW6
Water 85 84 83 83 82 81
EDTA-salt 5 6 5 6 7
Solvent 3 5 5 5
Nonionie 3 25 2 5 45 4
surfactant
EO/PO 2 2.5 3 2 2.5 3
surfactant
Additives 2 2 2 2 2 2
Total 100 100 100 100 100 100
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Table 2. Physical properties of the formulated cleaning agents at 5
wt%

Types
Cleaning agents | SW1 SW2 SW3 | SW4 SW5 SWo6
pH (100%) 104 102 115 | 102 105 112
Density (g/em’) | 1.03  1.03  1.04 | 1.05 1.04 1.02

For monocrystalline | For multicrystalline

Viscosity
(mPas, 25 C) 2.2 1.9 1.8 1.9 2.0 1.8
Surface tension

(mN/m) 299 312 36,5 | 302 31.8 325

Wetting index | 156 173 158 | 183 163 174
Foam height (cm)| 1.8 1.5 0.8 4.5 4.2 3.6
PIT (C) 65 63 62 73 68 66

Density

Vis cosity x Surface tension

Wetting index = %1000 (1)
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Table 3. Qualitative analysis of wafer surface by XPS

Atomic | Before After cleaning

Peak «” cleaning| S SW2 SW3 SW4 SW5 SW6
Zn2p 0.48
Cu2p 1.28 0.14 0.08 0.24
Fe 2p 18.64

Ols 46.94 26.12 34.96 3243 5426 33.25 33.25
Cls 2331 |23.53 825 8.02 9.08 18.62 10.25
Si 2p 935 [49.71 55.8 58.75 57.21 50.29 55.87
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Figure 11. Cleaning agent with wafer compatibility test (a) monocrystalline wafer (b) multicrystalline wafer.
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