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Fig. 1. Schematic illustration of preparation process for CsPbl,Br perovskite through a one-step method.

Intensity /arb. units

(b)

B 1s

O 1s

Ti 2p

100

200 300 400 500 600 700

Binding energy/eV

(e)

Adsorption energy
& %@:’zyﬁf CsPbloBr A A A Ao d
,ﬂ} ??é} ;{:‘ perovskite b ol o, ol L
= TurEA ORI A | £
| SR TiO, MD
Mode I  Mode II  Mode I1I Yrns v

&l 2 (a) &-MPBA [ 43 45 Rt 35 i s #5515 (b), (c) 16 VEM A 4-MPBA (¥ CsPbLBr 54k i /5, TiO, J= 1 XPS £ i1
5 (b) LA & B 1 S T A9 EDS mi A E (c); (d) A EW B 7 XA 4-MPBA 4> F 1 TiO, JZ I M BE; (e) B 4-MPBA 7 T

S JZ (1 3 TiO,/CsPblL,Br St i s & &

Fig. 2. (a) Molecular structure and calculated electrostatic potential profile of 4-MPBA; (b) XPS scan spectrum and (¢) EDS map-
ping images of B and S elements of TiO, layer in which CsPbL,Br perovskite with 4-MPBA is washed off; (d) adsorption energy of
4-MPBA molecule on TiO, with different adsorption models; (e) schematic illustration of the structure of the buried TiO,/CsPbl,Br

interface with 4-MPBA interlayer.
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Fig. 3. (a) Cross-sectional SEM images of CsPbL,Br perovskite deposited onto TiO, layer without and with 4-MPBA; (b) O 1s XPS
peak, (c) UPS spectra, and (d) Tauc plots of TiO, without and with 4-MPBA interlayer; (e) energy level structure of functional lay-

ers in carbon-based CsPbl,Br perovskite solar cells.
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Fig. 4. Current-voltage curves of electron-only device based on CsPbL,Br perovskite without (a) and with (b) 4-MPBA at dark con-

dition, PCBM represents [6,6]-phenyl-C61-butyric acid methyl ester; (c) steady-state PL spectra of CsPbI,Br perovskites deposited

onto bare glass substrates; (d) steady-state PL spectra of CsPbI,Br perovskites deposited onto TiO,/FTO substrates.
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Fig. 5. (a) J-V curves, (b) long-term stability, and (c) PCE evolution under continuous illumination (100 mW /cm?) of carbon-based

CsPblIyBr cells without and with 4-MPBA interlayer.
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Table 1.  Photovoltaic parameters of as-assembled car-

bon-based CsPbl,Br perovskite solar cells.

Voc/v Jsc/(mA'CInQ) FF PCE/%
Without 4-MPBA  1.25 14.64 0.64 11.71
With 4-MPBA 1.31 15.72 0.72 14.83
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Photovoltaic performance of inorganic CsPbl,Br perovskite
solar cell enhanced by in situ buried interface engineering”
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( Received 23 September 2025; revised manuscript received 23 October 2025 )
Abstract

Inorganic cesium halide perovskites (CsPbX;, X = I, Br) are promising candidates as the light-harvesting
materials of new-generation photovoltaic devices due to their intrinsic advantages, such as the high thermal
stability, excellent optoelectronic properties, and facile solution fabrication process. In particular, CsPbI,Br
perovskite which balances the light-harvesting capability and phase stability has attracted ever-increasing
attention in the fields of the single junction, the tandem, and the semitransparent photovoltaic devices. In the
past several years, inorganic CsPbI,Br perovskite solar cells (PSCs) have achieved great progress in both the
power conversion efficiency and the stability through versatile device engineering. Nevertheless, the inferior
buried interface derived from the uncontrollable up-to-bottom perovskite crystallization process leads to the
serious charge recombination and energy loss within CsPbl,Br PSCs, which considerably hinders the further
development and practical deployment of CsPblyBr PSCs. This highlights the need to develop a simple but
effective strategy to modify the buried interface to achieve excellent cell performance.

In this work, we present a simple additive approach to in situ modify the buried interface of CsPbI,Br
PSCs through forming a dipolar interlayer. The polar 4-mercaptophenylboronic acid (4-MPBA) additive is
directly added into CsPbI,Br precursor solution. 4-MPBA molecules cannot be incorporated into the crystal
lattice of CsPbl,Br perovskite because of its large size. Therefore, in the crystallization process of perovskite,
4-MPBA molecules are excluded from CsPbl,Br perovskite crystal and pushed down to the buried interface
between the TiO, electron-transport-layer and the CsPbl,Br perovskite film. Owing to the strong interaction
between the —B(OH), group of 4-MPBA molecule and TiO,, 4-MPBA molecules tend to accumulate at the
buried interface between CsPbI,Br perovskite and TiO, layer and form a dipolar interlayer. Scanning electron
microscopy, X-ray photoelectron spectroscopy, and ultraviolet photoelectron spectroscopy measurements clearly
show that the formation of 4-MPBA interlayer greatly enhances the interface contact, improves the interfacial
energy level structure, and passivates the interface defects, which effectively suppresses the charge
recombination and promotes the charge collection within the cell. As a result, the assembled carbon-based
CsPbI,Br PSC without hole-transport layer delivers a power conversion efficiency of 14.83%, which is increased
by 26% compared with the efficiency of the cell without a 4-MPBA interlayer. Moreover, the cell without any
encapsulation retains ~90% of the original efficiency after 960-hour aging in ambient air, indicating its superior
long-term stability. Therefore, this work highlights a simple strategy for in situ modifying the buried interface
to effectively enhance the photovoltaic performance of inorganic perovskite solar cells.

Keywords: inorganic perovskite, buried interface, in situ modification, solar cell, photovoltaic performance
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