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Device Characterization 

X-ray diffraction (XRD) patterns of the perovskite films were collected using a Rigaku 

SmartLab diffractometer, employing Cu Kα (1.5418 Å) radiation. X-ray photoelectron 

spectroscopy (XPS) analyses were conducted utilizing a PHI-5000C instrument by 

employing a monochromatized Al source (hν = 1486.6 eV). AFM measurement was 

recorded using an Atomic Force Microscope (5500, Agilent Technologies). A field 

emission high resolution scanning electron microscopy (SU8010, Hitachi) was used to 

obtain the scanning electron microscopy (SEM) images. UV-Visible absorption (UV-vis) 

spectra were acquired utilizing a Shimadzu UV2450 ultraviolet-visible 

spectrophotometer. The current-voltage (I-V) and current density−voltage (J-V) 

characteristic curves were acquired using a Keithley 2400 digital source meter in 

conjunction with a sunlight simulator (XES-300T1) operating under AM 1.5G conditions 

at 100 mW cm-2. The J-V tests were conducted with a scanning speed of 0.02 V/s, 

covering a range from -0.02 V to 1.50 V, on devices with an active area of 0.0627 cm2. 

Electrochemical impedance spectroscopy (EIS) measurements were performed using a 

Zahner electrochemical workstation (Kronach, Germany) with a bias potential of 1.00 V 

in the dark, spanning a frequency range from 1 Hz to 10 Hz. Capacitance-voltage (C-V) 

measurements were executed utilizing the Zahner electrochemical workstation under dark 

conditions, with a fixed frequency of 1 kHz and obtained in the forward direction from -

0.2 to 1.1 V. Transient photocurrent/photovoltage (TPC/TPV) decays were captured 

through an all-in-one characterization platform known as Paios (TranPVC-M, Oriental 

Spectra Technology). The incident photon-to-electron conversion efficiency (IPCE) was 

measured in ambient air using a QE-R measurement system (Enli Technology). Steady-

state photoluminescence (PL) spectra were measured at room temperature using a steady-

state lifetime spectrofluorometer (Fluorolog 322, Horiba) with an excitation wavelength 

of 465 nm and 350 nm. Time resolved photoluminescence (TRPL) spectra were collected 

using a transient state spectrophotometer (FLS1000, Edinburgh Instruments) at an 

excitation wavelength of 465 nm. For the PL and TRPL measurements, the films were all 

deposited on the glass substrates. PL mapping was performed with a fluorescence lifetime 

imaging microscopy (ARsiMP-LSM, Nikon-PICOQUANT-Coherent). Fourier transform 

infrared spectroscopy (FTIR) spectra were acquired with the fourier transform infrared 

spectrometer (Excalibur 3100, Varian). The water contact angles measurements were 

obtained by using a contact angle analyzer (OCA15EC, Dataphysics)  

  



 

Figure S1. Molecular structures of CMBACl. 

 

 
Figure S2. The cross-sectional SEM of the device on the rigid substrate. 

 

 
Figure S3. XRD patterns of CMBACl and (CMBACl)2-PbI2 (mole ratio of 

CMBACl:PbI2=2:1) films. 

 



 
Figure S4. XPS spectra of Cl 2p for control and CMBACl perovskite films. 

 

 

Figure S5. Water contact angle of control and CMBACl perovskite films. 

 

 
Figure S6. PL spectra of control and CMBACl perovskite films. 

 



 
Figure S7. UV vis absorption spectra of control and CMBACl perovskite films. 

 

 

Figure S8. Tauc spectra of control and CMBACl treated perovskite films. 

 

 

Figure S9. Actual F-PSCs images at 5 mm curvature radii.



Tables 

 

Table S1. Fitted parameters of TRPL curves. 

Sample A1 τ1 (ns) A2 τ2 (ns) τave (ns) 

Control 147.74 304.71 749.99 3041.10 2587.92 

2 mg/ml 26.19 1000.01 844.01 3981.21 3892.16 

 

Table S2. Summary of EIS parameters based on Control and CMBACl treated devices. 

Sample Rct（Ω） RS（Ω） C（nF） 

Control 6756 25.12 5.84 

With CMBACl 3378 23.49 6.46 

 

Table S3. Summary of SCLC parameters for Control and CMBACl treated devices. 

Sample VTFL (V) Nt (cm-3) 

Control 0.10 1.09×1015 

With CMBACl 0.16 6.8×1014 

 

Table S4. Detailed photovoltaic parameters of F-PSCs based on Control and CMBACl 

treated in forward and reverse scans. 

Devices VOC (V) FF (%) JSC (mA cm-2) PCE (%) HI(%) 

Control 
FS 1.10 74.57 24.43 20.21 

7.5 
RS 1.11 79.94 24.44 21.86 

With CMBACl 
FS 1.14 75.97 24.99 21.71 

6.2 RS 1.16 80.21 24.92 23.15 

 

Table S5 Comparison of Photovoltaic Performance of Recent 2D/3D Perovskite Solar 

Cells 

Refer

ence 

Voc 

(V) 

Jsc 

(mA/cm²

) 

FF 

(%) 

PCE 

(%) 
2DPerovskite Type 

Publication 

Year 

1 1.17 26.1 85.4 24.6 (A6BfP)₈Pb₇I₂₂ Rigid 2024 

2 1.16 25.26 83.9 24.5 DMePDAPbI₄ Rigid 2023 

3 1.18 25.70 81.8 24.9 (4AP)PbI₄ Rigid 2023 

3 1.15 25.26 76.6 22.3 (4AP)PbI₄ Flexible 2023 

4 1.16 25.87 86.2 25.9 CHEA₂PbI₄ Rigid 2024 



5 1.07 19.95 73.0 16.1 (PEI)₂[PbI₄] Rigid 2015 

6 1.12 25.5 82.0 24.1 
BA₂FAPb₂I₇/ 

PA₂FAPb₂I₇ 
Rigid 2024 

7 1.18 25.71 83.2 25.3 - Rigid 2024 

8 1.20 25.09 82.0 24.3 - Rigid 2022 

9 1.20 24.34 84.0 24.5 BA₂MA₂Pb₃I₁₀ Rigid 2022 

This 

work 
1.16 24.92 80.2 23.2 CMBA2PbI2Cl2 Flexible 2025 
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