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Supplementary Figure 1. Atomic force microscope images of the graphene films. Surface 

morphology of (a) pristine graphene and (b) POG-graphene.
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Supplementary Figure 2. I-V characteristics of 25 POG-graphene RRAMs indicate the 

gradual reset process.
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Supplementary Figure 3. Effect of metal electrodes on RRAMs based on solution-

processed graphene oxide (GO). Schematic of RRAMs with solution-processed GO as the 

resistive layer with (a) two Au electrodes without memory performance and (b) Al as the top 

electrode and Au as the bottom electrode with good memory performance.



Supplementary Figure 4. Proposed mechanism. Schematic of the proposed mechanism of 

POG-graphene RRAMs. 



282 285 288 291 294 282 285 288 291 294 282 285 288 291 294 282 285 288 291 294

10 sC-C sp2

C-C sp3

C-O
O-C=O

 

20 sC-C sp2

C-C sp3

C-O
O-C=O

 

30 sC-C sp2

C-C sp3

C-O
O-C=O

 

40 sC-C sp2

C-C sp3

C-O
O-C=O

In
te

ns
ity

 (a
.u

.)

 

50 sC-C sp2

C-C sp3

C-O
O-C=O

 

 

60 s
C-C sp2

C-C sp3

C-O

Binding energy (eV) 

70 s
C-C sp2

C-C sp3

80 s

C-C sp2

C-C sp3

a

b

Fig.S4

0 10 20 30 40 50 60 70 80

0.0

0.1

0.2

0.3

0.4

P
ea

k 
ar

ea
 ra

tio

Sputtering time (s)

Supplementary Figure 5. XPS depth profile of POG-graphene. (a) XPS spectra of POG-

graphene after etching for different durations. (b) Area ratio of carbon-oxygen peaks (C-O 

and O-C=O) relative to carbon peaks (C-C sp2 and C-C sp3) as a function of sputtering time.
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Supplementary Figure 6. Lateral resistance change of graphene films before and after 

the single-side ozone oxidation. (a) Schematics of the two-electrode device for resistance 

measurement from the bottom side. (b) Lateral resistance change of the 7-layer graphene film 

before and after single-side ozone treatment. The resistance of graphene film increases 1.9 

times after oxidation without completely forming insulating graphene oxide. This result 

suggests that oxygen mainly penetrates and oxidizes the top layers, and the concentration of 

oxygen drops gradually to a negligible level for the bottom layers.
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Supplementary Figure 7. Lifetime of the POG-graphene RRAMs. Extrapolated retention 

is estimated to be beyond 10 years.
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Supplementary Figure 8. Evaluation of the electrical performance of the POG-graphene 

RRAMs on a PEN substrate. (a) I-V characteristics of an individual RRAM in the pristine 

state and with 0.6% bending strain. (b) Retention and (c) endurance characteristics of the 

POG-graphene RRAMs obtained in the LRS and HRS at a constant read voltage of 0.1 V. (d) 

Device-to-device cumulative probability of the LRS and the HRS.
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Supplementary Figure 9. Device reliability. I-V characteristics of a POG-graphene RRAM 

measured for eight weeks.
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Supplementary Figure 10. Device operation speed. SET speed of a POG-graphene RRAM 

is about 250 ns under 2.5 V/100 s sequential bias pulses.



Supplementary Figure 11. Preparation of POG-graphene. (a) Optical transmittance 

spectrum of the 7-layer graphene film synthesized by metal-catalyst-free CVD. (b) 

Controllable single-side ozone oxidation of the 7-layer graphene to prepare the POG-graphene 

film.


