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Table. S1 The comparison of Vth, Icc, Ioff, Ps and Po of other TS memristors.
 

Device Vth ICC Ioff Ps PO References

W/MgO/Mg/W 1 V 100 μA 10-9 A 10-11 W 10-4 W 1

s-ITO/c-ITO/PET 3.3 V 100 μA 10-9 A 10-11 W 10-4 W 2

W/VO2/Pt 0.4 V 10 mA 10-4 A 10-6 W 10-3 W 3

Ag/MnO2/Ag 3 V 10 μA 10-9 A 10-11 W 10-5 W 4

Ag/ZrO2/Pt 0.25 V 10 μA 10-9 A 10-11 W 10-6 W 5

Ag/SiOx/W 0.3 V 100 uA 10-10 A 10-12 W 10-5 W 6

Pt/HfO2/GO/ITO 2.5 V 10 mA 10-6 A 10-8 W 10-2 W 7

Cu/GeTe/Al2O3/Pt 0.7 V 50 μA 10-7 A 10-9 W 10-6 W 8

TiN/TiO2/NbOX/Pt 1.3 V 1 mA 10-6 A 10-8 W 10-3 W 9

Cu/TaOx/d-Cu/Pt 0.2 V 10 μA 10-9 A 10-11 W 10-6 W 10

Ag/a-LSMO/Pt 0.45 V 1 uA 10-9 A 10-11 W 10-7 W 11

Pt/Ag:SiOxNy/Ti 1.5 V 100 uA 10-9 A 10-11 W 10-4 W 12

Ag/TiO2/Pt/Ti/SiO2/Si 0.7 V 5 μA 10-8 A 10-10 W 10-7 W 13

Ag/ZrOx/Pt 0.4 V 10 nA 10-10A 10-12 W 10-9 W 14

Ag/FK-800/Pt 3 V 10 μA 10-10A 10-12 W 10-5 W 15

Au/Ag NW–P(VDF-HFP)/Au 0.25 V 1 μA 10-9 A 10-11 W 10-8 W 16

Au/Ag/PMMA/OIHP:Ag/ITO 0.2 V 0.1 μA 10-11 A 10-13 W 10-8 W This work
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Fig. S1 The harmful stimulations of a single stress pulse with the amplitude of a) 3 V 
and b) 4 V, the pulse width is 1 ms. The purple curve is the corresponding response 

current.

Fig. S2 The I-V curves of Au/Ag/PMMA/OIHP:Ag/ITO device before and after bending 
5000 times.

Fig. S3 The I-V curve of TS memristor without PMMA protective layer at 80% 
humidity after 48 h.



Fig. S4 The microscope morphologies of the devices: a) without and b) with PMMA 
protective layer at 80% humidity after 48 h.

Fig. S5 The SEM morphologies of a) pure OIHP film and b) OIHP:Ag film.

Fig. S6 The X-ray photoelectron spectroscopy (XPS) spectrum of OIHP film and 
OIHP:Ag film, the upper right corner is the enlarged image of black box of the Ag 
element. It can be clearly observed from the enlarged image that there is no Ag 
element related peak in OIHP film. But the XPS energy spectrum of OIHP: Ag film 
shows Ag related peak, this indicates that Ag was successfully doped into OIHP thin 
films.



Fig. S7 The optical UV-vis absorption spectra of pure OIHP films and OIHP:Ag films.

Fig. S8 Relationship of high resistance state (HRS)/low resistance state (LRS) between 
device area. The resistive switching mechanisms of memristor is usually dominated 
by conductive filaments and interfacial barrier. The resistance value in low resistance 
state almost does not change with increasing the device area, indicating that the 
main resistive switching mechanisms of the device is a local conductive filament 
rather than an interface barrier 17, 18. 

Fig. S9 a) The write-once-read-many-times behavior of device with 12 mol% Ag+ ions 
doping concentration; b) The retention of low resistance state of device with 12 mol% 
Ag+ ions doping concentration; c) The positive temperature dependence of the low 
resistance state. Compared with TS behavior of device with the lower of Ag+ doping 
concentration (6 mol%), the write-once-read-many-times behavior of device with 
the higher of Ag+ doping concentration (12 mol%) indicate that Ag+ ion plays a crucial 
role in the resistive switching process. The temperature coefficient of resistance 



under low resistance state is 4.2×10−3K−1, which was computed by 

19, 20, where and  are the resistances at temperature T 𝑅𝑇 = 𝑅0[1 + 𝛼(𝑇 ‒ 𝑇0)] 𝑅𝑇 𝑅0

and T0, respectively. The temperature coefficient of resistance under low resistance 
state is 4.2×10−3K−1, which aligns with the reported value of the Ag conductive 
filament 19, 20, implying that the resistance switching behavior of the device (12 mol%) 
can be attributed to the Ag conductive filaments mechanism. 

 

Fig. S10 The I-V curve of Ag/PMMA/OIHP/ITO device without doping Ag+ ions. 

Equation S1
The optical band gap values were obtained by Tauc’s equation21

      (S1)(𝛼ℎ𝑣)
1

𝑛 = 𝐵(ℎ𝑣 ‒ 𝐸𝑔)
α is the absorption coefficient, B is the constant, hv is the photon energy, h is the 

Planck constant =4.1356676969×10-15 eV·s, ν is the incident photon frequency, Eg 
represents the semiconductor bandgap width.

In line with previous reports22-24, the halide perovskite is regarded as a direct-
bandgap semiconductor when analyzing the optical absorption spectra (n=1/2).

Note 1 (Equation S2-S4)

            (S2)
𝐽𝑠 =‒ (𝐷𝑠𝛾𝛿4

𝐾𝑇 )∇𝑠𝐾𝑟

                (S3)𝐾𝑟 = 1/𝑟1 + 1/𝑟2

         (S4)𝐷𝑠 = 𝐷 '
𝑠𝑒𝑥𝑝( ‒ 𝐸/𝐾𝑇)

  Where  and  are the Boltzmann's constant and temperature;  and  are the 𝐾 𝑇 𝛾 𝛿

surface energy and interatomic distance;  is surface curvature, which can be 𝐾𝑟

determined by the principal radii of the curvature ( and ), the surface chemical 𝑟1 𝑟2



potential is proportional to the ; is the diffusion coefficient, which can be 𝐾𝑟 𝐷𝑠 

determined by the diffusion coefficient pre-factor and the diffusion barrier 25-28. 𝐷 '
𝑠 𝐸

The limited silver content and lower ICC contribute to the formation of a thinly 

conducting filament with a smaller radius. According to the Equation S2-S3, the  𝐽𝑠

grows up as the radius of the filament is reduced. Due to the inherent soft lattice 
characteristics of halide perovskite materials, ions or atoms can readily diffuse with a 
larger diffusion coefficient within the halide perovskite film, also resulting in a larger 

. Due to the higher Js value, the Ag conductive filament is prone to rapid rupture in 𝐽𝑠

thinnest regions.
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