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Performance enhancement of perovskite solar cells
using Ag nanoparticles via aerosol technology
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Abstract

Solar cells, converting abundant solar energy into electrical energy, are considered crucial for sustainable energy
generation. Recent advancements focus on nanoparticle-enhanced solar cells to overcome limitations and improve
efficiency. These cells offer two potential efficiency enhancements. Firstly, plasmonic effects through nanoparticles
can improve optical performance by enhancing absorption. Secondly, nanoparticles can improve charge transport
and reduce recombination losses, enhancing electrical performance. However, factors like nanoparticle size,
placement, and solar cell structure influence the overall performance. This study evaluates the performance of silver
nanoparticles incorporated in a p-i-n structure of perovskite solar cells, generated via aerosol state by the
evaporation and condensation system. The silver nanoparticles deposited between the hole transport layer and
transparent electrode form nanoparticle embedded transport layer (NETL). The evaluation of the optoelectronic
properties of perovskite devices using NETL demonstrates their potential for improving efficiency. The findings
highlight the possibility of nanoparticle incorporation in perovskite solar cells, providing insights for sustainable

energy generation.
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Figure 1. Experimental setup of evaporation and condensation instrument for nano particle generation.
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Figure 3. Schematics for reference perovskite solar cell and nanoparticle embedded transport layer (NETL)

perovskite solar cells.
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and NETL perovskite devices by
impedance measurement at (a) OV and
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Samples | Voltage (V) R, (Q) R, (Q) CPE, (F) R; (Q) CPE, (F)

0 47.7 1846 0.9697 21369 0.7793

0.8 453 328 0.9916 a2 0.7137

0 44.9 2984 0.9939 23039 0.5978
NETL

0.8 41 575.7 0.9970 360.2 0.6038

Table 1. Fitted parameters of Nyquist plot for
reference (Ref) and NETL perovskite
devices by impedance measurement at
(@ OV and (b) 0.8V bias.
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Samples A, (%) T, (ns) A, (%) T, (ns) Tavg (NS)

References 16.18 2.833 83.82 70.740 148.996

NETL 20.42 2.914 79.58 55.665 92.475

Table 2. Fitting parameters of the time-resolved
photoluminescence decay for reference
and NETL perovskite devices.
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