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Fig. S1 The molecular structure of Dicyanodiamide
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Fig. S2 XPS spectra of N 1S of the TiO2 and DCD modified TiO2 films
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Fig. S3 FTIR spectra of pure TiO2 and DCD-TiO2
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Fig. S4 1H NMR spectra of GAI, DCD and mixed powder of DCD and GAI
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[bookmark: OLE_LINK2]Fig. S5 Formation energy of surface I vacancy without and with DCD treatment
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Fig. S6 SEM images of the bottom surface of perovskite films (a) without and (b) with DCD modification
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Fig. S7 Surface roughness of the bottom surface. (a) Pure perovskite film and (b) the DCD modified perovskite film
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Fig. S8 UV-vis absorption of perovskite films
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Fig. S9 AFM images of TiO2 and DCD modified TiO2 substrates, the image size is 2×2 μm
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Fig. S10 The Tauc plots of (a) TiO2 and (b) DCD-TiO2 films
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Fig. S11 PL spectra measured from perovskite side and glass side with the control and DCD-modified perovskite films on electronic-grade glass
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Fig. S12 Buried-interface PL spectra of perovskite films and DCD-modified perovskite films obtained by glass side measurement and peeling method
Note S1 The perovskite films for PL measurements were deposited on electronic-grade glass substrates. To evaluate potential interference from the glass substrate during backside measurements, we conducted comparative PL tests on both the glass-supported and peeled perovskite films. As shown in Fig. S12, the PL spectra obtained from the glass side exhibit excellent agreement with those from the peeling films, confirming negligible optical interference from the substrate.
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[bookmark: _Hlk196777379]Fig. S13 In situ UV-vis absorption spectroscopy during the annealing process of (a) control perovskite and (b) DCD-modified perovskite films

[image: 图表, 直方图

AI 生成的内容可能不正确。]
Fig. S14 PL spectra with or without DCD passivation at the perovskite films measured from (a) glass side and (b) front
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Fig. S15 (a) IMPS of devices based on perovskite and DCD modified perovskite, (b) IMVS of devices based on perovskite and DCD modified perovskite
Calculation Method
The carrier transport time (τtr) and recombination time (τrec) were derived from IMPS and IMVS spectra using Equations (S1) and (S2), respectively. Subsequently, the carrier diffusion length (LD) was calculated through Equations (S3) and (S4). Table 1 summarizes the effective charge diffusion lengths and relevant parameters for both perovskite and DCD-modified perovskite films.
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Fig. S16 (a) VOC (b) FF distributions of the perovskite and the DCD modified perovskite devices
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[bookmark: _Hlk196685927]Fig. S17 MPP tracking measured with the DCD-modified and control devices under continuous full solar illumination in a nitrogen atmosphere
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Fig. S18 XRD patterns of (a) perovskite films, (b) DCD-modified perovskite films under high temperature conditions (85 ℃, N2)
Table S1 Quantitative calculation parameters for IMPS and IMVS based on perovskite and DCD modified perovskite
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