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Abstract: The solar cells should be protected from the moisture and oxygen in order to sustain the properties and
reliability of the devices. In this research, we prepared the protection films on the flexible plastic substrates by spray
coating method using organic-inorganic hybrid solutions. The protection characteristics were studied depending on the
various process conditions (nozzle distance, thicknesses of the coatings, film structures). The organic-inorganic solutions
for the protection film layer were synthesized by addition of A,O; (P.S+Al,O3) and SiO, (P.S+Si0,) nano-powders into
PVA (polyvinyl alcohol) and SA (sodium alginate) (P.S) organic solution. The optical transmittances of the protection
film with the thicknesses of 5 um showed 91%. The optical transmittance decreased from 81.6% to 73.6% with the film
thickness increased from 78 um to 178 um. In addition, the protective films were prepared on the PEN (polyethylene
naphthalate), PC (polycarbonate) single plastic substrates as well as the Acrylate film coated on PC substrate (Acrylate
film/PC double layer), and Al,O; film coated on PEN substrate (Al,O; film/PEN double layer) using the P.S+ALO;
organic-inorganic hybrid solutions. The optimum protection film structure was studied by means of the measurements of
water vapor transmittance rate (WVTR) and surface morphology. The protective film on PEN/AI,O; double layer substrate
showed the best water protective property, indicating the WVTR value of 0.004 gm/m>-day.
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Fig. 1. Optical transmittances of the different protective solutions

such as PVA and SA (P.S) organic materials, and PS with
SiO, (P.S+Si0,) and ALO; (P.S+ALOs) hybrid materials.
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Fig. 2. Optical transmittance of the protective films on PET
substrates with various spray nozzle distances from substrate.
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Fig. 3. Optical transmittance of the EVA film and protective films
with various thicknesses of 5 to 178 pm coated on PET
substrates.
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Fig. 4. WVTR values of the PET bare substrate and protective films
with different thicknesses using PVA and sodium alginate
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substrate.
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Fig. 5. WVTR values of various protective films of polycarbonate
(PC), polyethylene naphthalate (PEN) substrates, ethylene-
vinyl acetate (EVA) laminated film (EVA_lami.), Acrylate
film coated on PC substrate (Acrylate/PC double layer) and
ALO; film coated on PEN substrate (AL,O; film /PEN
double layer).
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Table 1. WVTR values of various protective films coated on different
plastic substrates such as polycarbonate (PC), polyethylene
naphthalate (PEN) substrates, ethylene-vinyl acetate (EVA)
laminated films (EVA_lami.), Acrylate film and PC double
layer (Acrylate film/PC), ALO; and PEN double layer

(ALO; film/PEN).
Substrate Types Rate.[gm/(m*-day)[
PC 9.14
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EVA Film(Lami.) 5.61
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Fig. 6. SEM micrograph of the protective films on ALO; film
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Fig. 7. Photograph of bending measurement tester of protective
films.
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