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Supplementary Note 1. The spike number-dependent EPSCs 

As shown in Fig. S6, the spike number-dependent EPSC responses can be 

studied in the proposed water-induced MoS2 synapse. The presynaptic spike is fixed 

at (Vb: −0.2 V, Vspike: 0.4 V, duration time: 20 ms). From this figure, it is clearly seen 

that the peak amplitude of EPSC increases from 0.49 μA to 0.54 μA with the stimulus 

number ranging from 1 to 20. The possible reason is that the superimposition of spike 

stimuli within the relaxation time leads to a corresponding increase in the number of 

channel electrons, ultimately leading to a larger EPSC response.1,2 At the same time, 

the Tm can be extracted from these spike number-dependent EPSCs, as shown in the 

inset of Fig. S6. It is obvious that the Tm increases almost linearly within a small 

stimulus number below 5, while it will get saturated when the stimulus number is 

above 10. Moreover, the interesting phenomenon can be well fitted by using the 

exponential model as the following equation:1
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where T∞ and A represent the ultimate value of Tm and the original facilitation 

magnitude of memory process, respectively. The τN represents the characteristic 

constant of stimulus number. By fitting with Eq. S1, A and T∞ are obtained as −0.37 s 

and 0.61 s, respectively. Notably, τN can be extracted as 3.79, revealing that our 

device has fast memory ability when the stimulus number is less than τN.2,3 Such 

results indicate that the artificial MoS2 synapse with adjustable memory behavior is of 

great significance to the future development of bionic storage systems.1-3
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Supplementary Note 2. The spike number-dependent IPSCs 

Fig. S7 shows the spike number-dependent IPSC responses in our water-induced 

MoS2 synapse. The presynaptic spike is fixed at (Vb: 0.4 V, Vspike: −0.2 V, duration 

time: 20 ms). It is obvious that the IPSC amplitude increases with the number of 

presynaptic spike. This is because that the MoS2 device has turn-off properties under 

the negative stimulus.4 Moreover, repeated negative spike stimuli would lead to a 

greater reduction in the number of channel electrons, resulting in a lower IPSC 

response.5,6 Meanwhile, the spike number-dependent ΔIPSC can be also extracted as 

shown in the inset of Fig. S7. From this figure, the absolute value of ΔIPSC increases 

from to 0.33 μA to 0.37 μA with the stimulus number ranging from 1 to 20. The 

realization of spike number-dependent IPSC behavior through the proposed device is 

very beneficial for neuromorphic computing in biological systems.
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Supplementary Note 3. The decoding of Morse-coded “HELP” 

The Morse-coded message of “HELP” is decoded by the proposed water-induced 

MoS2 synapse as well, as shown in Fig. S9a,b. From these figures, it is clearly seen 

that the PSC amplitude increases significantly when VDS changes from 0.01 V to 0.2 

V due to the FETs theory.4 Meanwhile, the SNR of Morse-coded “HELP” can be 

extracted as shown in Fig. S9c,d. It is obvious that the absolute value of SNR 

increases linearly with the increase of VDS. Interestingly, the relationship between 

SNR and VDS can be also well fitted by a linear equation by Eq. 5 of main text. The 

fitting results of Sk and S0 can be obtained as 306.12 V-1 and 34.75 for EPSC-induced 

“SHELP”. Meanwhile, the Fig. S9d can be also fitted using the equation, and the Sk 

and S0 are found to be 23.23 V-1 and 4.99, respectively. Such fitting results indicate 

that the SNR caused by EPSC and IPSC are complementary processes that can be 

closely coordinated, which is particularly useful for being able to perform noise 

removal and unsupervised feature learning tasks simultaneously.7
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Supplementary Figures

Fig. S1. Raman-spectra of MoS2 flake. Inset: schematic diagram of in-plane mode and out-of-1
g2E

plane A1g mode in MoS2. The mode refers the in-plane opposing motions of molybdenum and 1
g2E

sulfur atoms, while the A1g mode involves the out-of-plane relative motions of sulfur atoms.

Fig. S2. The leakage current of the MoS2 FET without WD for the voltage sweeping from −30 V 

to 20 V.



6

Fig. S3. Transfer curve of the water-induced MoS2 FET under the fixed bias of VDS=0.1V for 

seven successive measurements.

Fig. S4. The leakage current of the water molecules for the voltage sweeping from −0.6 V to 

0.6V.
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Fig. S5. EPSC induced by presynaptic spike (Vb: -20 V, Vspike: 20 V, duration time: 20 ms) 

without WD.

‘

Fig. S6. EPSCs induced by presynaptic spikes (Vb: −0.2 V, Vspike: 0.4 V, duration time: 20 ms) 

with different stimulus number. Inset: memory time as a function of stimulus number. 
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Fig. S7. IPSCs induced by presynaptic spikes (Vb: 0.4 V, Vspike: −0.2 V, duration time: 20 ms) 

with different stimulus number. Inset: ΔIPSC as a function of stimulus number. 

Fig. S8. The schematic diagram of the equation definition of SNR.
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Fig. S9. (a) Spike duration-dependent EPSCs under different VDS expressing the International 

Morse code of “HELP”. (b) Spike duration-dependent IPSCs under different VDS expressing the 

International Morse code of “HELP”. (c) The SNR caused by EPSC as a function of VDS. (d) The 

SNR caused by IPSC as a function of VDS.

Fig. S10. Spike schemes for potentiation and depression applied to the bottom-gate.
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