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Abstract: Flexibility is the most distinguishing characteristic for organic solar cells (0SCs) that outweighs the inorganic
photo-voltaic technologies. However, the current power conversion efficiencies (PCEs) of flexible OSCs still lag behind
those of rigid counterparts. This is mainly due to the lack of high-performance flexible transparent electrodes ( FTEs) that
simultaneously offer low resistance, high transparency, and low surface roughness. Traditional indium tin oxide (ITO) con-
ductive films are widely used in organic optoelectronic devices due to their excellent optoelectric properties. However, the in-
trinsic brittleness of ITO and the scarcity of indium have limited its development and application in flexible devices. There-
fore, it is very important and urgently needed to develop new high-performance flexible transparent conductive materials and
apply them to flexible OSCs. Among the various FTE materials, metal nanowires, especially silver nanowires ( AgNWs) ,

have become the star conductive material in FTEs with their

excellent optoelectric properties and flexibility. Meanwhile,
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Fig. 1 Structure schematic of flexible organic solar cells ( OSCs) based

on various flexible transparent electrodes (FTEs)
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Fig.2  AgNWs ink in ethanol solvent with concentration of 2.7 mg -mL™"

N

(a); Meyer rod coating setup for scalable AgNWs coating on
plastic substrate, the PET plastic substrate is put on a flat glass
plate and a Meyer rod is pulled over the ink and substrate, which
leaves a uniform layer of AgNWs ink with thicknesses ranging from
41060 pm (b); AgNWs film coating on PET substrate, the
AgNWs coating looks uniform over the entire substrate (c); SEM
image of AgNWs coating, the sheet resistance is ~50 Q «sq”'
()

can Chemical Society

Reproduced with permission. Copyright 2010, Ameri-
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Fig. 3 SEM images of 10 Q +sq”" AgNWs-S (a), 10 Q +sq”" AgNWs-L
(b), 10 Q -sq”' AgNWs-SL (c) electrode on glass; and the
conductive surface SEM image of a 10 Q -sq~" AgNWs-SL/poly-
mer composite electrode (d), the inset shows a cross-sectional
view of the composite electrode with the top surface and the em-
bedded AgNWs both visible; transmittance spectra of AgNWs-S
and AgNWs-L composite electrodes with specified sheet resistance
values (e) ; transmittance spectra of 10 € +sq”" sheet resistance
AgNWs-S, AgNWs-L, and AgNWs-SL composite electrodes, the
spectrum of 10 Q -sq”" TTO/glass is also shown for reference all

transmittances are inclusive of the substrate (f) s Reproduced

with permission. Copyright 2011, Wiley-VCH
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Fig. 4 Schematic of the fabrication of a silver nanowires (AgNWs) elec-

trode using cold isostatic pressing ( CIP) for AgNWs junctions on

a suspended plastic substrate in water Reproduced with per-

mission. Copyright 2017, Wiley-VCH
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Fig. 5 Schematic diagram of the preparation of FlexAgNEs[m] . Repro-
duced with permission. Copyright 2019, Springer Nature
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Fig. 6 Schematics of inward and outward bending tests(a) ; relative PCE decay for flexible OSCs based on FlexAgNEs with different ben-
ding radius (0~9 mm) after 1000 bending cycles (b) ; schematic diagram of the mechanism of FlexAgNEs good mechanical stabili-
ty (c) : the hydrogen bond effect between the PET substrate and the hydrophilic polyelectrolyte (PSSNa) (1), the capillary force
effect of crossed AgNWs junction (2) , and tight and complete filling of ZnO in grid-like AgNWs network (3) ©°°7. Reproduced with
permission. Copyright 2021, Wiley-VCH.
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Fig. 7 Schematic diagram of the fabrication of AgNWs : AZO/Polyner electrode?! . Reproduced with permission. Copyright 2020, Wiley-VCH
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Fig. 8 Photograph of a leaf and schematic of its internal anatomy(a) , schematic of the fabrication of the biomimetic electrode

(b) 137, Reproduced with permission. Copyright 2020, Wiley-VCH
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Table 1 Summary of photovoltaic parameters and bending performance of representative flexible OSCs
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