ElEdeehionip SepphementacyiViasrtal oS der Susianaliekmeigi & ialigl® The Royal Society of
chEhigdqudml is © The Royal Society of Chemistry 2021

10
11
12
13
14
15
16
17
18

19

20

21

22

23

24

25

26

27

28

Supporting information

BCNO silica gel based green transparent and efficient luminescence down shifting layer
for Si solar cell

S. Sekar?, S. Venkataprasad Bhat?c*,
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FigureS1. Cross-section SEM image of BCNO silica gel (LDS layer) coated on a

glass substrate.

Quantum yield measurement

The quantum yield of BCNO silica gel was measured in liquid mode using integrating sphere.
The sample for the measurement was prepared using ethanol as the solvent. 100uL. of BCNO
silica gel was added to 5ml of ethanol followed by stirring for 10 minutes at room

temperature. The excitation and emission spectra was recorded for both blank and BCNO
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silica gel sample. Finally the quantum yield of BCNO silica gel was obtained by using these
measured spectra as inputs in quanta pi software of the Flurolog system.

Photostability test

To assess the photostability of the BCNO silica gel, aging test was carried out under the
illumination of UV light (354 nm, 100 W cm irradiance) in ambient for 250 and 500 hours.
As shown in Figure (S2), there was about 35% decrease in the emission intensity for the
BCNO silica gel after 250 hours of UV exposure and the decrease was 55% after 500 hours
of UV irradiance. The observed photostability of the BCNO silica gel, exhibiting the
emission property even after 500 hours of UV irradiation, indicates that it can be an good
alternative material for LDS layers as compared to the reported luminophores!> 2 3. The

photostability can be improved further by designing appropriate ligand structure® >.
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Figure S2. Photoluminescence spectra of BCNO silica gel under UV-irradiation (100W c¢cm-?)
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Measurements with commercial Si solar cell

The performance of BCNO silica gel LDS layer was also tested using a commercial Si solar
cell. The current density-voltage (J-V) curves of the commercial Si solar cell were recorded
with and without the LDS layer at standard testing conditions and the results were compared.
The values of the photovoltaic parameters such as Voc, Jsc, fill factor (FF) and power
conversion efficiency (PCE) as obtained from the measurements were tabulated(table S1).
The performance of LDS layer was again proved with the commercial Si solar cells, leading
to the enhancement of PCE from 18% to 18.8 % for glass/LDS layer/Si-solar cell

configuration and from 18% to 18.6 % for LDS layer/glass/Si-solar cell configuration.
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FigureS3. Current-Voltage characteristics of commercial Si solar cell with BCNO silica gel

layer.
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59 Table S1. Performance parameters of Si-solar cell with and without the BCNO silica gel

60 LDS layer, compared with reports in literature using other LDS layers with Si solar cell.

phosphor-610 nm

Voc (mV) Jsc (mA/cm?) Fill factor (%) Efficiency (%) Percentage of
improvement
Si-solar cell (ref) 616 £ 1.55 30.6£0.18 72.04 £ 0.007 13.61 £0.11
LDS layer/glass/Si-solar cell 6161 31.83 %036 72.18 £ 0.06 14.15%0.17 3.8% (our work)
glass/LDS layer/Si-solar cell 617%0.5 32.80 £ 0.1 72.20 £ 0.06 14.60 £ 0.05 7.1%
Commercial Si-solar cell (ref) 619 39.99 72.7 18
LDSlayer/glass/commercial solar cell 616 41.63 72.61 18.64 3.3%
glass/LDSlayer/commercial solar cell 619 41.9 72.64 18.85 4.5%
Si Solar cell (ref) 543.4+6.8 325+0.6 68.0+£0.9 120+0.2 (ref# 53)
11.7%
Si Solar cell with CdSe/CdS QDs 5459 +3.4 37.0+£0.6 67.0£1.0 13.5+0.2
¢-Si solar cell (ref) 590 38.67 61.6 14.05
c-Si SC with LDS layer (CH; NH; 600 40.23 62.1 14.99 5.8%
PbBr; quantum dots)
mc-Si solar cell (ref) 570 32.35 56.6 10.44 (ref# 55)
me-Si SC with LDS layer(CH; NH; 590 33.02 58.1 11.32 8.2%
PbBr; quantum dots)
¢-Si solar cell (ref) - 35.8 69.2 15.2
c-Si solar cells coated with LDS layer - 36.1 69.1 15.3 0.65% (ref# 56)
(Eu(tta);pybox)
mc-Si solar cell (ref) 604.6 37.85 71.81 16.43
mc-Si cel/EVA/Gd,0,S:Tb** 608.0 38.81 72.15 17.02 3.6% (ref#57)
Si solar cell (ref) 600 41.18 68 17.06
Si solar cell with LDS (Ba,Si04:Eu?") 600 41.51 68 17.25 1.1% (ref#58)
Si Solar Cell (ref) 542.3 28.24 78.21 11.97
Si  Solar cell /Eu-doped 549.1 32.50 77.01 13.74 13.7% (ref#59)
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