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[bookmark: _Hlk174121089]Fig. S1 The hydrolysis chemical equation of ammonium borane.
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[bookmark: _Hlk200984207]Fig. S2 O 1s XPS spectra of the SnO2 and SnO2/BNH6 films after oxygen plasma treatment
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Fig. S3 J-V curves of the devices with no treatment or post treatment by oxygen plasma
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[bookmark: _Hlk200994711]Fig. S4 XRD spectra of the SnO2 and the SnO2/BNH6 films
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[bookmark: _Hlk178324593]Fig. S5 UPS spectra of the SnO2 and SnO2/BNH6 films
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Fig. S6 LEIPS spectra of the SnO2 and SnO2/BNH6 films
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[bookmark: _Hlk178324631]Fig. S7 The transmittance spectra of the SnO2 and SnO2/BNH6 films
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[bookmark: _Hlk174123869]Fig. S8 UV-vis absorption spectra of the (a) SnO2 and (b) SnO2/BNH6 films, the insets are Tauc plots of corresponding films
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[bookmark: _Hlk174124115]Fig. S9 AFM images of the (a) SnO2 film and (b) SnO2/BNH6 film
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[bookmark: _Hlk201046641]Fig. S10 Contact angles of perovskite precursor solutions on the SnO2 and SnO2/BNH6 films
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Fig. S11 Chemical reaction expression of I0 and I-
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Fig. S12 Ion chromatography of the concentrations of I- at different times with and without BNH6
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[bookmark: _Hlk162876932]Fig. S13 Supercell constructed for DFT calculations, in which BNH6 molecules are adsorbed on the FAPbI3 (001) surface via (a) FAI and (b) PbI2 terminations, respectively
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[bookmark: _Hlk201048463]Fig. S14 The color change process of pristine PbI2 solution
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Fig. S15 FTIR spectra of PbI2, BNH6, and PbI2 with BNH6 films
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[bookmark: _Hlk164328527]Fig. S16 Distribution histogram of crystal grain sizes of the perovskite films: (a) SnO2/PVK, (b) SnO2/BNH6/PVK, (c) SnO2/PVK/BNH6 and (d) SnO2/BNH6/PVK/BNH6
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[bookmark: _Hlk162983085]Fig. S17 AFM surface images of the perovskite films: (a) SnO2/PVK, (b) SnO2/BNH6/PVK, (c) SnO2/PVK/BNH6, and (d) SnO2/BNH6/PVK/BNH6
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[bookmark: _Hlk188997144]Fig. S18 2D-XRD images of the perovskite films: (a) SnO2/PVK, (b) SnO2/BNH6/PVK, (c) SnO2/PVK/BNH6, and (d) SnO2/BNH6/PVK/BNH6
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Fig. S19 XRD images of the SnO2/PVK, SnO2/BNH6/PVK, SnO2/PVK/BNH6 and SnO2/BNH6/PVK/BNH6 films
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Fig. S20 XPS spectra of the PVK and PVK/BNH6 films. (a) Pb 4f, (b) I 3d, (c) N 1s
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[bookmark: _Hlk178326185][bookmark: _Hlk174193239]Fig. S21 UPS spectra of the PVK and PVK/BNH6 films
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Fig. S22 LEIPS spectra of the PVK and PVK/BNH6 films
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Fig. S23 (a) UV-vis absorption spectra and (b) Tauc plots of the SnO2/PVK, SnO2/BNH6/PVK, SnO2/PVK/BNH6 and SnO2/BNH6/PVK/BNH6 films
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[bookmark: _Hlk163034284]Fig. S24 Urbach energy obtained from the (a) SnO2/PVK, (b) SnO2/BNH6/PVK, (c) SnO2/PVK/BNH6 and (d) SnO2/BNH6/PVK/BNH6 films
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[bookmark: _Hlk163048796][bookmark: _Hlk178258744]Fig. S25 Urbach energy calculated from the SnO2/PVK, SnO2/BNH6/PVK, SnO2/PVK/BNH6 and SnO2/BNH6/PVK/BNH6 films
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[bookmark: _Hlk178254313]Fig. S26 PL mapping of the (a) PVK, (b) BNH6/PVK, (c) PVK/BNH6 and (d) BNH6/PVK/BNH6 films
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[bookmark: _Hlk174196010]Fig. S27 Time-resolved transient absorption of the (a) PVK, (b) BNH6/PVK, (c) PVK/BNH6 and (d) BNH6/PVK/BNH6 films at different probe delay times
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Fig. S28 The decay kinetics of the corresponding GSB peaks
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[bookmark: _Hlk174195757]Fig. S29 XRD spectra of the SnO2/PVK and SnO2/BNH6/PVK/BNH6 films after accelerated aging
 [image: ]
Fig. S30 Optimal J-V curves of the PSCs measured in the reverse scan direction using different concentrations of BNH6. The BNH6 solution (0.5, 1.0, 2.0 and 3.0 mg/mL) coated at the buried and upper interface of perovskite was prepared by dissolving 0.5, 1.0, 2.0 and 3.0 mg BNH6 in 1 mL deionized water and 1 mL IPA, respectively. The other device preparation processes remain unchanged.
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Fig. S31 Statistical device data based on 15 devices for (a) Jsc, (b) Voc and (c) FF
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Fig. S32 Certification of PSC from Institute of Electrical Engineering Chinese Academy of Sciences
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Fig. S33 Analysis of perovskite bandgap from the EQE spectrum by taking its derivative spectrum
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Fig. S34 Dark I-V curves of (a) the electron-only devices and (b) the hole-only devices with and without BNH6
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[bookmark: _Hlk174198578]Fig. S35 Nyquist plots of the control and target devices (Inset: Equivalent circuit model)
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Fig. S36 TPV of the control and target devices
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Fig. S37 Mott-Schottky plots of the control and target devices
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[bookmark: _Hlk163416908]Fig. S38 Time evolution of XRD patterns of the (a) control and (b) target device under AM 1.5 G illumination with N2 atmosphere, (c) control and (d) target device under 65  3 °C heat with N2 atmosphere
[image: 图表, 折线图

AI 生成的内容可能不正确。]
Fig. S39 Long-term stability of the unencapsulated control and target devices stored under ambient air conditions (50~60% RH, 25 °C)
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Fig. S40 (a) 1H NMR , (b) 11B NMR and (c) XRD spectra of fresh BNH6 and BNH6 under accelerated conditions for 7 days. The characteristic peaks of BNH6 remained essentially unchanged after aging, confirming its robust chemical stability and indicating that BNH6 would not compromise device performance
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Fig. S41 (a) O 1s XPS and (b) the electrical conductivity spectra of the SnO2/BNH6  film under accelerated conditions for 7 days. No noticeable changes in the O 1s XPS characteristic peaks were observed after aging. And the electrical conductivity measurements of BNH6/SnO2 films before and after aging showed negligible variation, further verifying the robustness of the BNH6/SnO2 interface under accelerated conditions
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Fig. S42 Contact angles of the control and target films

Table S1 Summary of photovoltaic performance of the effective interface modification strategies
	Additive
	Configuration
	PCE 
(%)
	Certified PCE 
(%)
	Reference

	C60-SAM
	p-i-n
	17.3
	na
	ACS Nano 12, 12701-12709 (2014)

	C3-SAM
	n-i-p
	15.67
	na
	J. Am. Chem. Soc. 137, 2674-2679 (2015)

	2D PVSK
	n-i-p
	20.64
	19.77
	Nat. Commun. 9, 3021 (2018)

	DPPP
	n-i-p
	24.5
	na
	Science 379, 690-694 (2023)

	HP
	n-i-p
	23.68
	na
	Adv. Mater. 32, 2003990 (2020)

	CPI
	n-i-p/p-i-n
	24.3/26.0
	na
	Science 384, 878-884 (2024)

	CBz-PAI
	n-i-p
	24.7
	na
	Nat. Energy 8, 515-525 (2023)

	3TPYMB
	p-i-n
	25.76
	na
	Nat. Photon. 19, 28-35 (2025)

	CPMAC
	p-i-n
	26.1
	na
	Science 288, 964-968 (2025)

	TMPU/TMFS
	n-i-p
	23.11
	na
	Chem. Eng. J. 469, 143790 (2023)

	AMP/ mF-PEAI and PDI
	p-i-n
	25.35
	24.87
	Adv. Energy Mater. 14, 2304486 (2024)

	BNH6/BNH6
	n-i-p
	26.43
	25.98
	This work



[bookmark: _Hlk206423842][bookmark: _Hlk200718277]Table S2 Best photovoltaic parameters of PSCs with no treatment or post treatment by oxygen plasma measured in reverse scan directions under standard AM 1.5 illumination (100 mW cm-2)
	
	Samples
	Voc
(V)
	Jsc
(mA cm-2)
	FF
(%)
	PCE
(%)

	No treatment
	SnO2
	1.171
	25.53
	78.08
	23.34

	
	SnO2/BNH6
	1.198
	25.86
	82.40
	25.53

	Post
treatment
	SnO2
	1.176
	25.57
	78.56
	23.62

	
	SnO2/BNH6
	1.198
	25.96
	82.42
	25.63



[bookmark: _Hlk200995236]

Table S3 Parameters of the TRPL spectroscopy based on different samples
	Samples
	A1
	τ1 (ns)
	A2
	τ2 (ns)
	τave (ns)

	PVK
	158.92
	147.28
	748.22
	1978.11
	1949.61

	BNH6/PVK
	120.56
	1196.47
	750.33
	3365.35
	3248.15

	PVK/BNH6
	161.68
	621.38
	1108.05
	7010.56
	6928.98

	BNH6/PVK/BNH6
	163.98
	1000.00
	1119.16
	9273.37
	9144.68



Table S4 Best photovoltaic parameters of PSCs using different concentrations of BNH6 measured in reverse scan directions under standard AM 1.5 illumination (100 mW cm-2)
	[bookmark: _Hlk189238200]SnO2/BNH6
	Concentration
(mg mL-1)
	VOC
(V)
	JSC
(mA cm-2)
	FF
(%)
	PCE
(%)

	
	0.5
	1.196
	25.93
	81.16
	25.18

	
	1.0
	1.198
	25.96
	82.42
	25.63

	
	2.0
	1.181
	25.47
	80.45
	24.20

	
	3.0
	1.174
	25.21
	80.80
	23.92

	PVK/BNH6
	0.5
	1.197
	25.90
	80.67
	25.00

	
	1.0
	1.203
	25.91
	83.51
	26.03

	
	2.0
	1.185
	25.16
	81.13
	24.19

	
	3.0
	1.185
	25.05
	80.77
	23.98



Table S5 Photovoltaic parameters of control and target devices measured in reverse and forward scan directions under standard AM 1.5 illumination (100 mW cm-2)
	
	Scan Directions
	VOC
(V)
	JSC
(mA cm-2)
	FF
(%)
	PCE
(%)

	Control
	RS
	1.176
	25.57
	78.56
	23.62

	
	FS
	1.171
	25.55
	77.26
	23.12

	Target
	RS
	1.206
	26.05
	84.12
	26.43

	
	FS
	1.201
	25.99
	83.67
	26.12




Table S6 Parameters from SCLCs of the electron-only devices and of the hole-only devices
	
	SnO2/PVK
	SnO2/BNH6/PVK
	PVK/Spiro
	PVK/BNH6/Spiro

	VTFL (V)
	0.227
	0.129
	0.136
	0.119

	Trap
density(cm-3)
	2.7910‧1015
	1.5861‧1015
	1.7705‧1015
	1.2910‧1015


Trap densities were calculated using the VTFL from SCLC measurements, and the equation , where the ε0 is the vacuum permittivity, εr (47) is the relative dielectric constant of FAPbI3, q is the elementary charge, and L (650 nm) is the thickness of the perovskite films, respectively.

Table S7 EIS fitting parameters of the control and target PSCs
	Device
	Rs (Ω)
	Rrec (Ω)

	Control
	33.28
	1618

	Target
	29.65
	5699
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