396 4 T WL MR 2 AR Vol. 39 No. 4
2024 5E 4 H Journal of Inorganic Materials Apr., 2024

FRILX DOI: 10.15541/jim20230424

R R R SEAA KA BT 35 R HT A PH BE it iR
N F T B3 N1 F IR

T & axMm’ FF5E°, XFR’

(1. BEHMEFE MHIRFR, §% 710077;2. TEAARKS F A, LT 100872)

T E: IR RSN R SR OK B B LI P R AN AR T 0 ), BB A B AR R T A AR R )
TRV RN B B R R 2 — o AN F0 R B 3 R e 4 K A4 kL (Upconversion Luminescent Nanoparticles, UCNP){&
i P A B2 S BRI R B ) R T S AR S BRI R, RGRIT T UCNP XERERET TS, &0, ekt
REFIES FIT R sl 12 s . 45 R F5ERN Ve E 40T UCNP 1811 5 8318 1t i #5530 % (Power Conversion
Efficiency, PCE)f% £ (16.27%), T ELiR ¥ KT (Hysteresis Factor, HF)753 3| {2 2 (3% (0.05) . 33— 25K F [0 % D) 3 5 265
TR RGIRIT T FE K BH B A 2O B T TS OB ah 1%, iE# UCNP 7206l 12
R BB T RARAE B R ACEAE R —J7 T UCNP W] LU S FHRE 2, BEAS BT R, 55— 5T, UCNP 7] LLfE
1R KRR N B ERT RAH S AL, BRAS ST, (EIRE RN 0.43 V BRIKH] 0.28 V. iRAG S T B A SRR
BT B T-80R THEAEHENE], FE T UCNP M 455 DGR 23 B i S LI . ARHIE 50 r] O RE S8R R
FH B8 FRVBIB W SR AL — R AR DT =

X #E O BRERROCHURM L FSERE ORI RE F I IRREN,; TR

FESES: 0649 XEEFRER: A XEHS: 1000-324X(2024)04-0359-08

Influence of Upconversion Luminescent Nanoparticleson Hysteresis
Effect and lon Migration Kineticsin Perovskite Solar Cells

YU Man', GAO Rongyao®, QIN Yujun?, Al Xicheng®

(1. School of Materials Engineering, Xi'an Aeronautical Institute, Xi’an 710077, China; 2. Department of Chemistry, Renmin
University of China, Beijing 100872, China)

Abstract: Hysteresis effect greatly impacted performance and stability of perovskite solar cells. Ion migration and the
resulting accumulation of interface ions were widely recognized as the most important origins. In this study,
upconversion luminescent nanoparticles (UCNP) were used to modify the interface of the electron transport
layer/perovskite active layer and the intrinsic perovskite active layer, and the effects of UCNP on the morphology,
structure, spectral/optoelectronic properties, and ion migration kinetics of perovskite were systematically explored.

The results indicated that the device with UCNP modified perovskite active layer has the best photoelectric conversion
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efficiency (PCE, 16.27%) and significantly improves the hysteresis factor (HF, 0.05). Furthermore, circuit switching

transient optoelectronic technology was employed to investigate the ion migration kinetics without interference from

photo-generated carriers, revealing the dual role of UCNP in suppressing ion migration and accumulation during the

optoelectronic conversion process of perovskite solar cells. On the one hand, UCNP formed barrier layers that hinder

ion accumulation. On the other hand, UCNP infiltrated into grain boundaries of perovskite phase during annealing,

hindering ion migration and reducing the recovery voltage from 0.43 V to 0.28 V. The mechanism of carriers and ions

interaction was explained based on the polarization-induced trap state model to declare the process of UCNP

suppressing the hysteresis of perovskite photovoltaic devices. This work provides effective solution for regulating the

hysteresis of perovskite solar cells.

K ey wor ds: upconversion luminescent nanoparticles; perovskite solar cell; hysteresis effect; ion migration
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Fig. 4 (a) UV-Vis absorption and steady-state fluorescence spectra of perovskite films deposited on quartz substrates, and
(b) time resolved fluorescence spectra of four perovskite thin films
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Fig. 5 J-V curves under forward and reverse scanning conditions for perovskite solar cells with champion performances of
(a) Compact/PVK, (b) UCNP+Compact/PVK, (c) Compact/PVK+UCNP, and (d) UCNP+Compact/PVK+UCNP
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Fig. 6 (a) Open-circuit photovoltage buildup curves and (b) cs-TPT kinetics curves of different perovskite solar cells
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