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ABSTRACT: Purpose of higher conversion efficiencies, thin-film silicon solar cells based on amorphous silicon have been developed
with a multiple-stack structure to fully utilize the absorption spectrum. Microcrystalline silicon (uc-Si) is commonly used in the bottom
cell of such tandem junction solar cells, offering improved conversion efficiencies. However, the requirement for a thicker absorption
layer to generate sufficient photocurrent presents challenges, primarily due to the lower absorption coefficient of uc-Si, resulting in longer
deposition times and greater material thickness. To address these limitations, we propose the development of inorganic-organic hybrid
solar cells by integrating a-Si tandem with solution-processed organic photovoltaic cells (OPVs), using low-bandgap semiconducting
polymers. The OPVs have garnered significant attention as promising candidates for next-generation photovoltaic technology. As part
of this effort, we have optimized the a-Si tandem cell by exploring different materials for a tunnel recombination layer and high quality
intrinsic layers. The hybrid approach combines the advantages of both inorganic and organic materials, potentially offering a pathway
towards more efficient and cost-effective solar cell solutions.
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Table 1. Deposition conditions of inorganic tandem cell

Gas flow (sccm)
. Electrode
Layer N.O BsHe PH3 Power den23|ty Pressure Temp. Distance
SiHq Ho (+He | (+H. (+H; (mW/cm?®) (Torr) (C) (mm)
90%) 99%) 99%)
p-a-Si:H 30 149 - 1.5 - 71 0.2 180 40
Buffer
p-a-SiOx:H 10 95 50 15 - 57 0.4 110 30
p 10 100 50 10 - 57 04 110 30
70
i 10 80 - - - 28 0.4 180 40
100
n+ 10 40 - - 30 71 0.2 200 40
p+ 3 21 - 9 - 14 0.1 200 60
i 10 10 - - - 21 0.2 200 20
n 30 120 - - 30 71 0.2 200 40

Table 2. Optical bandgap (Eg) and activation energy (E.) properties of composed layers for inorganic —organic hybrid triple cell

Parameters ITO Buffer P i n i n ITO PE%C;T g(T‘,EKA TiO2 Al
Thi(‘;kr:)ess 250 3 5 70 10 350 | 25 20 30 110 | 20 300
Eq (V) 40 | 205 | 215 | 18 | 179 | 179 | 180 | 181 | 40 | 20 | 155 | 32 -
Ea (eV) - 048 | 059 - 016 | 04 - 0.20 - - - - -
S ek ek f7] B FH R E Atato] AlZE Sl 7] ™)
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Fig. 1. (a) Device configuration of the inorganic silicon tandem
solar cell on texture FTO glass (b) Schematic diagram of
triple junction Inorganic organic hybrid multi-junction
solar cell
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Fig. 2. Geometry of the coplanar electrodes on the samples
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Fig. 3. Geometry of the coplanar electrodes on the samples
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Fig. 4. Band structure of tunnel junction layer on inorganic
silicon tandem junction solar cell
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(a) I-V characteristics (b) quantum efficiency of inorganic
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