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Fig.1 (a) Left: absorption spectra of the CsPbl, ¢Br; ; and D18-CI:N3 films, and the AM 1.5G spectrum. Right: crystal structure
of the inorganic perovskite CsPbl, oBr; ; and the molecular structures of the donor and acceptor materials in the rear subcell;

(b) Device structure and (c) cross-sectional SEM image of the inorganic perovskite/organic TSC; (d) J-V curves of the 1.0:1.4

D18-CI:N3-based TSC and its subcells.
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Fig. 2 (a) Transmittance spectrum of the complete front stack with a structure of ITO/ZnO/SnO,/CsPbl, (Br, ;/D18-Cl/MoO;/
Au/ZnO/PFN; (b) UV-Vis absorption spectra of D18-Cl and N3; (¢) Eternal quantum efficiency (EQE) of the tandem device;
(d) UV-Vis absorption spectra of D18-CI: N3 blend films with different D:A ratios; J-V curves of OSCs with different D:A
ratios under (e) full-spectrum light and (f) filtered illumination; (g) Histogram plot of hole and electron mobility in D18-CI:N3

active layer thin films with different D: A ratios; (h) J-V curves of hole mobility determination in BHJ films; (i) J-V curves of

electron mobility determination in BHJ films.
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Fig. 3 Under 800 nm excitation, 2D TAS maps of D18-CI:N3 blend films with D:A ratios of (a) 1.0:1.4 and (b) 1.0:2.2; (c) Kinetic
curves of the D18-CI:N3 blend film probed at 590 and 820 nm; (d) ¥, and (e) J,. as a function of the natural logarithm of light
intensity: a linear fitting under a filtered illumination; (f) Charge dissociation probability (Pg,) of OSCs under a filtered

illumination.
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Fig.4 (a) J-V curves of TSCs with different D:A ratios; (b) Eternal quantum efficiency (EQE) of TSCs with different D:A ratios;
(c) Stabilized power output at the maximum power point of TSCs; Operational stability of the unencapsulated TSCs with

different D:A ratios under (d) continuous illumination at the MPP condition and (e) UV-light irradiation in an N, atmosphere.
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Research Article

Component Optical Regulation for High-efficiency and Stable Monolithic
All-inorganic Perovskite/Organic Tandem Solar Cells

Ji-xiang Yuan!, Hai-di Yang', Ruo-peng Zhang'*, Peng-peng Dong!, Wei-jie Chen!”, Yao-wen Li'*?
(!Laboratory of Advanced Optoelectronic Materials, Suzhou Key Laboratory of Novel Semiconductor-optoelectronics
Materials and Devices, State Key Laboratory of Bioinspired Interfacial Materials Science, College of Chemistry,
Chemical Engineering and Materials Science, Soochow University, Suzhou 215123)

(*Jiangsu Key Laboratory of Advanced Negative Carbon Technologies, Soochow University, Suzhou 215123)

Abstract Monolithic all-inorganic perovskite/organic tandem solar cells (TSCs) are highly promising for surpassing
the single-junction Shockley-Queisser limit. However, the practical performance of such TSCs is often constrained
by significant energy losses, primarily stemming from imbalanced photocurrent generation and altered charge
carrier dynamics in the organic rear subcell under the optical filtering effect of the wide-bandgap perovskite front
cell. Herein, we proposed a component optical regulation strategy to tackle this challenge. By strategically
increasing the acceptor content in the organic bulk-heterojunction (BHJ), we concurrently enhanced the near-
infrared photon capture and optimize the charge carrier dynamics under filtered illumination. This approach
provided additional electron transport pathways, effectively balancing the hole and electron mobility, which in
turn suppressed bimolecular recombination and promoted exciton dissociation, as verified by transient absorption
spectroscopy. Consequently, the optimized TSC achieved a champion power conversion efficiency of 23.65%
with an ultrahigh open-circuit voltage of 2.17 V and an impressive fill factor of 79.58%. Moreover, the device
exhibited remarkable operational stability, retaining 88% of its initial efficiency after 1000 h, and superior UV
resilience.
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dynamics; Energy loss
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