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Fig. S1 Top-view SEM images of UVO-treated and untreated a-ZnO films

Fig. S2 DMSO: DMF solution contact angle on a-ZnO films with verious UVO-
treated time
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Fig. S3 The IS spectra evolution of the untreated device and the UVO-treated device.

Electrochemical impedance spectroscopy was conducted to provide further insights. The Nyquist 
diagram, as depicted in the figure, was obtained, and the device in this study was fitted to an 
equivalent circuit. In the low-frequency region, the carrier recombination resistance (Rrec) 
becomes evident, forming a semicircle. The Rrec values for the untreated device and the device 
after 120 seconds of UV ozone treatment were 1890 Ω and 3328Ω, respectively. It is apparent that 
the composite impedance of the UV ozone-treated device is higher than that of the untreated 
device, indicating successful UVO treatment. This treatment enhances carrier recombination, aids 
in improving charge extraction and transport, and reduces interface charge accumulation within 
the device.
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Fig. S4 High-resolution Zn 2p3/2 XPS core level spectrum and the full spectrum
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Fig. S5 I-V characteristics of ITO/ MAPbI3/Ag tested by different amplitude of 
voltages.
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Fig. S6 Resistive switching behaviors of ITO/ a-ZnO/ MAPbI3/ a-ZnO/ ITO, 
Ag/MAPbI3/Ag, ITO/ MAPbI3/ ITO, ITO/ PMMA/ MAPbI3/ Ag, and ITO/ ZnO 
(crystal)/ MAPbI3/ ITO.
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Fig. S7 A series of RS behaviors of UVO-treated devices under various voltage 
amplitudes and different treatment times.
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Fig. S8 The currents within a 2×2 cross array were observed over a 1000 s duration, 

showcasing the endurance of the maintained resistance state in OHP RRAMs.

0 20 40 60 80 100 120 140
-40

-20

0

20

C
ur

re
nt

(m
A

)

Time (s)

set@10V read@1V

0

20

40

60

80

100

V
oltage (V

)

0 50 100 150 200
-150

-100

-50

0

50

100

C
ur

re
nt

(m
A

)

Time (s)

set@8V read@-0.5V

0

20

40

60

80

100

V
oltage (V

)

Fig. S9 Multiple writing-erasing processes of the nonvolatile OHP RRAMs.



Tab. S1 Comparison of various halide perovskites -based ReRAM devices.

Structure RS type
SET

(V)

RESET

(V)

Stable 

Endurance 

(times)

Retentio

n (s)

ON/OFF 

Ratio
Ref.

Au/CH3NH3PbI3-x 

Clx/FTO
bipolar 0.8 -0.6 102 104 2 1

FTO/TiO2/MAPbI3/Spir

o-MeOTAD/Ag
bipolar +0.8 -0.8 2×102 2.4×104 6 2

PET/multilayer 

graphene/MAPbI3/Au
bipolar +0.68 -0.5 5×102 104 30 3

FTO/MAPbI3/AgInSbTe

/Ag
bipolar +0.5 -0.3,0.6 1.2×102 104 20 4

FTO/MAPbI3/Al bipolar +1.5 -1.4 103 / 20 5

FTO/MAPbI3/Au bipolar +1 -1 1×102 104 40 6

FTO/MAPbI3/W bipolar +3.1 -1.1 1×102 / 200 7

ITO/PEDOT:PSS/perov

skite/Bphen(20 nm)/Ag
bipolar 2.1 6 6×101 / 64 8

ITO/CH3NH3PbI3/Ag bipolar +0.32 -0.42 5×102 103 1000 9

ITO/MAPbBr3/MAPbBr

3/ITO
Unipolar 7.5 / 6×102 4×101 80 8

ITO/MAPbBr3/Au
threshold 

switch
+1 -1 103 104 103 10

ITO/MAPbI3/Au
Symmetr

ical NDR
1 / 102 104 50 6

Ag/MAPbI3/Ag
Symmetr

ical NDR
±0.1 ±0.4 7.5×101 7.5×102 7.5 11

Ag/MAPbI3/C
Symmetr

ical NDR
/ / / / 2 (light) 12

Ag/MAPbI3/Ag
Symmetr

ical NDR
-5 5 / / 4 (light) 13

ITO/UVO a-

ZnO/MAPbI3/Ag

Symmetr

ical NDR
±5 ±6 5×102 2×103 80

This 

work
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