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RRAM test method

Fig. S1a shows the digital photograph of FCPe-RRAM device with an architecture 

of Al@MAPbI3/Al on a home-made test holder, which is made of stainless steel. Four 

pillars on the test holder are wound with the insulating PTFE film to prevent the 

current leakage. The functional RS fiber of Al@MAPbI3 is perpendicularly placed on 

the bare Al fiber as the top electrode at a certain bending angle. The bare Al fiber 
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serves as the bottom electrode. Thereby, the FCPe-RRAM devices with different 

bending angle are obtained in the form of (±V) Al@MAPbI3/Al (〨). In the RRAM 

test process, the voltage is applied on the Al fiber of functional RS fiber 

(Al@MAPbI3). The bare Al fiber on the bottom is used as a ground wire. The current-

voltage (I−V) characteristics are tested under a direct current (DC). The voltage 

sweep is generally started from a positive bias voltage, such as 0 V → 4 V → 0 V → 

−4 V → 0 V, while the compliance current (Icc) of 100 mA is applied to safeguard the 

semiconductor analyzer. The different bending angles, such as 0o, 15o, 30o or 45o, are 

set through the upward or downward movement of Al electrodes on the insulating 

pillars. The calculation process of bending angles is shown in Fig. S1b. 

Fig. S1 The digital photograph of FCPe-RRAM device with an architecture of 

Al@MAPbI3/Al (a); The calculation process of bending angles (b);
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Fig. S2 Top-view SEM images of MAPbI3 perovskite films being fabricated at 

different dip-coating time (a: 0 h; b: 0.5 h; c: 1 h; d: 2 h; e: 4 h; f: 6 h).

Dip-coating time

The SEM images in Fig. S2 show how the dip-coating time in the precursor 

solution (1.0M) with the anti-solvent processing of ethyl acetate affects the perovskite 

morphology. Evidently, with the increase of dip-coating time, the coverage ratio of 

MAPbI3 on the Al fiber is increased gradually. At the 2-hour dip-coating time, the 

MAPbI3 perovskite has completely covered the Al surface, presenting a compact and 

uniform perovskite film.
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Fig. S3 The box-whisker distributions of SET voltage (a) and ON/OFF ratio (b) 

derived from 11 FCPe-RRAM devices with different precursor solution 

concentrations. 

Fig. S4 Top-view SEM images of MAPbI3 perovskite films being annealed at 

different temperatures (a: 60 °C; b: 80 °C; c: 100 °C; d: 120 °C). 
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Fig. S5 XRD patterns of MAPbI3 perovskite films being annealed at different 

temperatures, in which the peak of PbI2 is marked by *.
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Fig. S6 High-resolved XPS spectra (a, C 1s; b, N 1s; c, I 3d). 

The C 1s signal has been splitted into two peaks due to the interference of the 
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carbon contamination including CO2 and organic carbon in the chamber, which is also 

responsible for high carbon content. The N 1s signal is located at the binding energy 

of 401.3 eV. In addition, the double peaks of I 3d at the binding energy of 142.6 eV 

and 137.7 eV correspond to I 3d3/2 and I 3d5/2. 

Fig. S7 I−V curve of Al/MAPbI3@Al device using a forward voltage sweep of 0 V → 

4 V → 0 V → −4 V → 0 V.
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Fig. S8 I−V curves on the random locations of FCPe-RRAM devices (a, 0.25 mol/L; 

b, 0.5 mol/L; c, 1.5 mol/L). 
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This is to demonstrate the feasibility to put this crosspoint structure into a crossbar 

array for wearable electronic devices. When the contact position between the fibers is 

moved due to separation and reattachment, the RS characteristic can remain at the 

new position. When the precursor solution concentration is 0.25 mol/L or 0.5 mol/L, 

the unstable RS characteristics appear in different locations due to the incomplete 

coverage of perovskite film on the Al fiber. However, the results indicate that the 

good reproducibility of RS characteristics is achieved when the perovskite film is dip-

coated with the precursor solution of 1.0 mol/L and 1.5 mol/L. 

Fig. S9 I−V curve of FCPe-RRAM device at a bending angle of 180° (a); Top-view 

SEM image of MAPbI3 perovskite film at a bending angle of 180° (b).
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Fig. S10 The linear I−V curves of FCPe-RRAM device for 20 sweeps. 

Table S1. A brief comparison of different fiber-shaped memory devices.

RS Materials
SET/RESET 

voltage (V)

ON/OFF 

ratio

Device 

typea

Fabrication 

method
References

CuO +2.4/−2.2 ~102 WMRM
Thermal 

oxidation
S1

GO +3.5 ~106 WORM CVD S2

rGO +5.8/−5.8 ~109 WMRM CVD S3

Bi2Se3 −1.2/+0.7 ~105 WMRM
Microwave 

synthesis
S4

MAPbClxI3-x +1.00/−1.58 ~20 WMRM Dip-coating S5

Al2O3 −2.0/+1.0 ~102 WMRM
Native 

oxidation
S6

MAPbI3 +1.66/−0.47 ~106 WMRM Dip-coating This work

a WMRM is the abbreviation for write-many-times-read-many-times; WORM is the 

abbreviation for write-once-read-many-times.
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Fig. S11 Double-logarithm I–V plots of FCPe-RRAM device in the RESET process 

(a) and lgI–V1/2 plots at the HRS state in the RESET process (b).
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