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Figure S1. With the increase of oxidation power, the Se:Hf ratio gradually decreases. 

Sample 1 (air exposure), Sample 2 (60 W, 5 min), Sample 3 (140 W, 5 min) 

 

 

Figure S2. After O2-plasma treatment (60 W, 5 min), the oxide surface remains 

smooth, with an average roughness (Ra) of only 2.52 Å, measured by atomic force 

microscopy. The scanning area is 3×3 μm
2
. 
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Figure S3. Raman spectra of air-exposed and O2-plasma treated of HfSe2 with 

different thicknesses. Oxidation by O2-plasma treatment is more thorough than by 

spontaneous air exposure. The thinner of the starting 2D HfSe2 layer, the easier it is to 

be oxidized, and 2D HfSe2 films below 10 nm have been completely oxidized. 

 

 

Figure S4. XPS spectra of Se 3d core level for air exposure and oxygen-plasma 

treated HfSe2 flakes. The two different chemical states of O2 plasma treated HfSe2 

indicate the formation of the residual materials including SeOx and Se. 
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Figure S5. I-V curves of multiple devices. All devices can switch at 100 nA operation 

current or less within 3V. 

 

 

Figure S6. Thermal stability of the devices. a) I-V curves of a typical device at 

elevated temperature up to 400 K, showing functional switching behavior. b) The data 

retention of both HRS and LRS at 85 ℃. 
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Figure S7. Retention characteristics of the LRS under 100 pA operation current at 

room temperature using the read voltage of 10 mV. 

 

  

Figure S8. a) The LRS decreases with the increase in the SET pulse width, when the 

SET pulse amplitude is fixed at 4 V. The SET speed of the device can be less than 10 

μs. b) Read operation after applying 4 V/10 μs SET and -4 V/50 ns RESET operation 

pulses. Both HRS and LRS are read at 0.1 V.  
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Figure S9. Unipolar RS behavior of the Au/HfSexOy/HfSe2/Au device in both 

positive and negative sweeps. This device with symmetric metal electrodes shows 

unreliable switching behaviors with large variation and limited endurance.  
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Figure S10. a) IMP and NAND logic functions and corresponding operation steps are 

shown in the truth table. For IMP and NAND logic functions, four variables are 

assigned (W=1, A=p, B=q and C=0) and (W=1, A=0, B=p and C=q) respectively. c) 

Experimental results of IMP and NAND logic operations, demonstrating the 

feasibility of our logic method and the functional device.  


