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Supporting note 1

Lattice/unit constants of DPM and PSM were calculated by Bragg diffraction equation: 2dsin® = kA (k =
1,2, 3), where d is the lattice/unit constant, 0 is the diffraction angle, k is the order, and A = 1.54 A for Cu Ko..!2
The lattice constant of 3D phase in DPM and PSM perovskite was calculated as 5.9 A by (100) peak at 14.97 °.
The lattice constants of 16.3 and 22.3 A were calculated for n = 1 and n = 2 nanosheets by peaks at ~5.40 ° and
~3.95 °, respectively.

Supporting note 2

According to the method reported by Ahn et al.?, we separated the PbBr,-DMSO and MABr-PbBr,-DMSO
complex from the precursor by adding ethanol and diethyl ether to the PbBr, and MAPbBr; solution,
respectively. For the PbBr,-DMSO complex, 0.8 mmol PbBr, was dissolved in 2 mL DMSQO, then anhydrous
ethanol was added for separation. For the MABr-PbBr,-DMSO complex, 0.8 mmol of PbBr, and MABr (molar
ratio of 1 : 1) were dissolved in 2 mL DMSO, and then diethyl ether was added for separation. The precipitation
of PbBr,-DMSO and MABr-PbBr,-DMSO complexes were filtered and dried in vacuum oven for 12 h.
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Fig. S1 AFM height images and multiple line scans of (a) DPM (b) PSM film on glass substrate.
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Fig. S2 Humidity and air stability of DPM and PSM films. As-prepared DPM and PSM films under (a) ambient
light and (c) ultraviolet lamp. After exposure to air for five hours, DPM and PSM films under (b) ambient light
and (d) ultraviolet lamp.
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Fig. S3 Schematic illustration of perovskite films transferred onto a copper grid for TEM characterization. The

perovskite precursor was spin-coated onto a substrate covered with 1,1-bis-(4-bis(4-methyl-phenyl)-amino-
phenyl)-cyclohexane (TAPC). The TAPC layer could not be dissolved or destroyed due to the low solubility of
TAPC in DMSO. After that, the whole substrate was immersed in toluene. After the TAPC layer was dissolved
by toluene, perovskite grains can be stripped from substrate and well dispersed into toluene solvent for further

transferring onto a copper grid.
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Fig. S4 Statistics of grain size in the DPM and the PSM films.
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Fig. S5 Fourier transform infrared spectrometer (FTIR) of DMSO (solution), pure PbBr, (powder), PbBr,-
DMSO (powder) and MABr-PbBr,-DMSO (powder) for the S=O vibrations.

Fig. S6 Tyndall effect photographs of DPM and PSM precursor.
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Fig. S7 UPS spectrum of DPM and PSM films.
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Fig. S8 Current density curves of DPM and PSM devices at negative bias.



Fig. S9 Cross-sectional SEM images of (a) DPM and (b) PSM films.
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Fig. S10 (a) Luminance-voltage, (b) current density-voltage and (c) current efficiency-voltage curves of the
DPM and PSM devices with PbBr, : MABr : PEABr =1 :0.75 : 0.5. (d) Statistical distribution of the current



efficiencies for 70 devices.
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Fig. S11 (a, b, ¢) Luminance, current density and current efficiency curves of the FA* doped (FA : MA =0.3 :
0.7) device as a function of applied bias. (d) EL spectra of FA* doped DPM and PSM devices.
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Fig. S12 (a, b, ¢) Luminance, current density and current efficiency curves of the FA* doped (FA : MA =0.7 :
0.3) device as a function of applied bias. (d) EL spectra of FA™ doped DPM and PSM devices.
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