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Figure S1: The SET compliance dependent behaviors.
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Figure S3: Device-to-device performance analysis. 

Figure S4: The cycle-to-cycle CRS switching degradation at 85oC.

Figure S5: Thermal effect on HRS.

Video file S6: The real-time measurement video of the CRS at 30oC. 

Video file S7: The real-time measurement video of the CRS at 100oC.
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Figure S1: The SET compliance dependent behaviors. (a) The LRS is following an 

increasing and the IRESET is following a decreasing trend with the decreasing ICC. (b) 

The different levels are showing good stability over switching cycles.



3

Figure S2: Effect of RESET voltage on CRS. (a) After the 2nd forming process, if the 

device is operated higher than -2.5 V, then instead of resetting the device another SET 

switching in negative voltage is observed. In this situation the nano-filament growth 

direction is reverse way than the normal positive bias SET. (b) A reverse CRS process 

is achieved with a positive bias due to the RESET failure with negative bias. (c) 

Unfortunately, the reverse CRS is not stable and is prone to stuck to the LRS.
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Figure S3: Device-to-device performance analysis. The device-to-device variation of 

the VSET and IRESET for the (a) 1st-RS mode and (b) 2nd-RS mode. Both the VSET and 

IRESET is higher for the 2nd-RS as compare to the 1st-RS. In addition, the VSET is 

indicating different polarity in-between 1st and 2nd RS modes. (c) The OFF to ON and 

ON to OFF transition voltage variation for the CRS mode. Here, V1 is the change from 

the OFF state to ON state in the positive bias, V2 is the change from the ON state to 

OFF state in the positive bias, -V1 is the change from the OFF state to ON state in the 

negative bias, and -V2 is the change from the ON state to OFF state in the negative bias. 
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Figure S4: The cycle-to-cycle CRS switching degradation at 85oC. The high 

temperature CRS process is not so stable like room temperature.
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Figure S5: Thermal effect on HRS. The temperature dependent HRS is showing a 

non-metallic filament formation in the TiN/HfO2/Pt X-point devices.

Supplementary video files S6: The real-time measurement video of the CRS 

phenomena at 30oC in the HfO2-based X-point. 

Supplementary video files S7: The real-time measurement video of the CRS 

phenomena at high temperature of 100oC, in the HfO2-based X-point.
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Supplementary Table S8:

Table S7: The comparison of the reported results of the RRAM devices operated with 

CRS mode.


