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Abstract: Perovskite solar cells have attracted extensive attention owing to their rapidly increasing power conver-
sion efficiency and solution processability. Among various device architectures, inverted p-i-n structures offer dis-
tinct advantages, including low-temperature processing, negligible hysteresis, superior operational stability, and ex-
cellent compatibility with tandem devices. As device efficiency continues to advance, the buried interface between
the hole transport layer and the perovskite layer has gradually become a critical region affecting both efficiency and
stability. This interface strongly affects perovskite nucleation and crystal growth, defect distribution, energy level
alignment, charge extraction, and non-radiative recombination, highlighting the necessity of functional interfacial en-
gineering. Oxide materials, featuring excellent chemical stability, favorable interfacial energy level alignment, and
tunable surface functionalities, can improve wettability at the buried interface, optimize interfacial contact, passiv-
ate interfacial defects, and enhance device stability. This review summarizes recent progress in oxide-based buried
interfacial layers for inverted perovskite solar cells, with emphasis on the roles of aluminum oxide and silicon oxide in
porous insulating interfacial contacts, fixed-charge passivation, localized dielectric contacts, optical management,
stress relaxation, and multifunctional integration. Other oxide interfacial layers, such as hafnium oxide, magnesium

oxide, and zirconium oxide, are briefly discussed.
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Fig.1 Schematic diagram of buried substrate interface regulation for inverted devices
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Fig.2 Schematic diagram of typical oxide buried substrate interfacial layers and their main functions
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Fig.3 Schematic diagram of the evolution of interface regulation strategies with Al,0; buried substrate layers
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Tab. 1 Photovoltaic performance comparison of inverted perovskite solar cells with different oxide-based buried interfacial layers
ek AR J./
EE DN S ] . . VIV FFl%  PCE/%
W B/eV KA mA-em”
[18] ITO/NiO /Me-4PACz+PC/FAPbL/C,  /BCP/Ag 1.55 p-i-n 25.88 1.175 82.54 25.09
ITO/Me-4PACz/Al,0,NPs/FACsPbI Br,/DAI+PDAL/
[21] i 1.70 p-i-n 20.92 1.223 83.00 21.23
LiF/C,/BCP/Ag
25.56
[24] ITO/Me-4PACz/A1,0, PIC/perovskite/C /BCP/Ag 1.55 p-i-n 25.08 1.208 84.37 R
o (IAIE 24.90)
26. 63
[25] ITO/SAM/2-ATCI-ALO /perovskite/C, /BCP/Ag 1.55 p-i-n  26.38  1.189 84.88
(IMIE 26. 42)
ITO/Me-4PACz/e-Al,0,/perovskite/PDADI/C /ALD- 27.30
[26] c 1.53 p-i-n 26. 47 1.200 85.19 o
Sn0 /Ag (INIIE27. 00)
ITO/Me-4PACz/MSN-SH/WBG perovskite/C/SnO /Au/  WBG=1.80  Tande 29. 60
[27] 16.30  2.180 83.40
PEDOT : PSS/MSN-SH/NBG perovskite/C, /BCP/Ag NBG=1.25 m (TAJIE 29. 50)
26. 00
[29] ITO/SAM/Si0,+4F-PEACl/perovskite/C  /ALD=Sn0,/Cu 1.50 p-i-n 26. 16 1.177 84.40
(GAIE25. 69)
26. 50
[30] ITO/Si0 ~MeO-2PA Ca/perovskite/C, /BCP/Ag 1.53 p-i-n  26.20  1.180 85.60
(IAIE 26. 30)
[70] ITO/Sn0,/ISC/FAPbL,/Spiro-OMeTAD/Ag 1.52 n—i-p 25.85 1.155 81.8 24.43
, 27.35
[73] ITO/Si0,-4PADCB/FAPBL/C, /BCP/Ag 1.53 p-i—n 26.57 1.187 86.77

(ANIIE 26.92)
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