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Fig. S1. The XRD results for the FAPbI3, FA0.8Cs0.2PbI3, FA0.6Cs0.4PbI3, and FA0.4Cs0.6PbI3 

thin films with NH4SCN additives.
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Fig. S2. The XRD results for the FCPI thin films with various SCN–-based additives.
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Fig. S3. The AFM image of (a) the pristine FCPI and (b) FCPI-SCN films. The RMS values of 

roughness are 27.7 nm in the pristine FCPI and 23.8 nm in FCPI-SCN.
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Fig. S4. The optical image of the fabricated device arranged in sandwich structure. (a) 

Schematic of the devices. (b) Bottom electrode (c) Top electrodes with varying sizes. (d) 

Illustration of sandwich structure devices.
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Fig. S5. I-V results of the (a) Pt/PMMA/FCPI-SCN/Pt and (b) Pt/PMMA/pristine FCPI/Pt 

devices, showing no resistive switching response when an Pt TE was adopted instead of Ag 

TE.
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Fig. S6. The electrode size dependence of the VSET, VRESET, and the current of HRS and LRS in 

the FCPI-SCN devices with varying the electrode sizes, ranging from (50 μm)2 to (400 μm)2. 

The electrical properties are area-independent.
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Fig. S7. Analysis of conduction mechanisms in the pristine FCPI device. (a) Double logarithmic 

plots of I-V curves of the pristine FCPI device. (b) ln I – V1/2 fitting of HRS current before SET, 

showing Schottky emission. (c) The ohmic conduction region in LRS.
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Fig. S8. TR-PL spectra of the pristine FCPI and FCPI-SCN films. The FCPI-SCN film exhibits 

longer carrier lifetime values (τ2) of 26.2 ns, compared to the pristine FCPI film displaying 14.1 

ns.
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Fig. S9. The cumulative percentiles of VSET and VRESET by 10 sweeps of the FCPI-SCN 

devices.
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Fig. S10. Endurance result with low amplitude pulses. Endurance test were conducted under 

pulse train of ±0.2 V (10 μs pulse durations) followed by the read voltage of 0.02 V.
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Fig. S11. The XRD patterns of FCPI-SCN film after 15 days in an ambient atmosphere, 

confirming the retention of the cubic α-phase. (b) I-V characteristics of the FCPI-SCN devices 

after 15 days.
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Fig. S12. A longer-duration stability test under ambient air for 30 days. (a) I-V characteristic. 
(b) Retention time. (c) Endurance cycles.
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Fig. S13. (a) Full size image and (b) illustration of the 3 × 3 crossbar array.
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Fig. S14. (a) 3 × 3-pixel voltage input encoded in the shape of an ‘X’ letter. (b) The current 

output read out from the programmed 3 × 3 crossbar array.
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Fig. S15. Calculated readout margin of the FCPI-SCN crossbar array by the Kirchhoff equation, 

, where ΔVreadout is readout margin, 

Δ𝑉𝑟𝑒𝑎𝑑𝑜𝑢𝑡
𝑉𝑝𝑢𝑙𝑙 ‒ 𝑢𝑝

=
𝑅𝑝𝑢𝑙𝑙 ‒ 𝑢𝑝

[𝑅𝐿𝑅𝑆 ∥ 𝑅𝑠𝑛𝑒𝑎𝑘𝐿𝑅𝑆 ] + 𝑅𝑝𝑢𝑙𝑙 ‒ 𝑢𝑝
‒

𝑅𝑝𝑢𝑙𝑙 ‒ 𝑢𝑝

[𝑅𝐻𝑅𝑆 ∥ 𝑅𝑠𝑛𝑒𝑎𝑘𝐿𝑅𝑆 ] + 𝑅𝑝𝑢𝑙𝑙 ‒ 𝑢𝑝
 

Vpull-up is pull-up voltage, Rpull-up is pull-up resistance, and Rsneak is the resistances of the 

neighboring cells. The worst case (all neighboring cells are in LRS) is assumed. At the 

minimum criterion of a 10% readout margin, the maximum acceptable array size is 5 × 5.


