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Abstract: In the context of accelerated global energy transition, nano-thin-film solar cells, including organic pho-
tovoltaic cells (OPVs) and perovskite solar cells (PSCs) , have garnered widespread attention due to their high effi-
ciency, low cost, and ease of fabrication. Currently, the laboratory-recorded power conversion efficiency (PCE) of
single-junction OPVs has surpassed 20%, while that of PSCs has exceeded 26%. This paper begins with an overview
of the structures of OPVs and PSCs, summarizing the primary failure mechanisms of these cells, focusing on elec-
trodes, charge transport layers, and photoactive layers. Subsequently, it outlines common micro defect imaging prin-
ciples and methods, including photoluminescence (PL), electroluminescence (EL), laser beam-induced current im-
aging (LBIC), and lock-in thermography (LIT). The paper reviews the latest advancements in micro-defect imaging
and the homogeneity research for OPVs and PSCs, highlights current limitations in micro-defect imaging, and sug-
gests future development directions. This paper provides a comprehensive overview of the micro-defect imaging meth-

ods and applications for nano-thin-film solar cells.
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Fig.1 The device structure of organic and perovskite solar cells. left: a p-i-n structure, right: an n-i-p structure
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Fig.2 Working principle of PL (a), EL (b), LBIC (¢), and LIT (d) imaging tests
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Fig.3 (a)Schematic diagram of the SiO2 nanoparticle in an organic solar cells. LBIC test results of the entire device(b) and the
zoom-in image (¢). (d) The LBIC images of UV glue encapsulated P3HT: PC¢;BM cells aged for 0 h, 100 h, and 400 h.
(e) LBIC image of flexible solar module(41 cm?). LBIC images of the solar module based on PM6: Y6 without(g) or with
20% BTO(f)
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(d)Defect of the recombination layer of the tandem cell'™”!
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