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Supplementary Figure S1 a, Fabricated device after drop-casting of the Ag2Se nanowire solution. The electrodes positions were labeled in figure. b, Magnified diagram of the center of the fabricated device. c, d, SEM image of Se and Ag2Se nanowires. Se and Ag2Se nanowires formed random networks. Even after Se nanowires react with silver, the shape of nanowires was maintained. 
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Supplementary Figure S2 a, b, c, Lissajous curves at 15, 300, and 343 K. Switching occurred at 15 K, as indicated by the angular shape of the curve. At 300 K (approximately room temperature), no switching occurred, as indicated by the almost elliptical curve. At 343 K, the curve shape was a combination of angular and elliptical.



Waveform learning at different temperatures
Figures S3, S4, and S5 show the results of waveform generation tasks at different temperatures (323, 343, and 363 K), while Fig. 4(d) displays the NMSEs at different temperatures. These tasks produced specific training target waveforms. Then, the waveforms were predicted by trained synaptic weight via the method described in Fig. 4(a). The specific waveforms selected were the cosine, triangle, sawtooth, and square waveforms. Figure 4(d) shows the relationship between NMSE and temperature for the waveform generation tasks. The NMSEs of the cosine and triangle waveforms displayed low values at approximately room temperature, while the sawtooth and square waveforms displayed lower NMSEs at high temperatures. These results correspond to the accuracy results in Fig. 4(c). Figures S6, S7, and S8 show the PSD for a device responding to an input signal each electrode at different temperatures. The HHG number increased with the temperature relative to room temperature (300 K), as shown in Fig. 3(b).
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Supplementary Figure S3 Results of the waveform generation task at 323 K. The target waveforms were a cosine, b triangle, c sawtooth, and d square. The orange line indicates the target waveform, while the trained and predicted waveforms are represented by blue and green dots, respectively.
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Supplementary Figure S4 Results of the waveform generation task at 343 K. The target waveforms were a cosine, b triangle, c sawtooth, and d square. The orange line indicates the target waveform, while the trained and predicted waveforms are represented by blue and green dots, respectively.
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Supplementary Figure S5 Results of the waveform generation task at 363 K. The target waveforms were a cosine, b triangle, c sawtooth, and d square. The orange line indicates the target waveform, while the trained and predicted waveforms are represented by blue and green dots, respectively.
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Supplementary Figure S6 PSD for a device responding to an input signal each electrode at 323 K where the input signal was a sinusoidal voltage (amplitude: ±1 V, frequency: 11 Hz). 
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Supplementary Figure S7 PSD for a device responding to an input signal each electrode at 343 K where the input signal was a sinusoidal voltage (amplitude: ±1 V, frequency: 11 Hz). 
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Supplementary Figure S8 PSD for a device responding to an input signal each electrode at 363 K where the input signal was a sinusoidal voltage (amplitude: ±1 V, frequency: 11 Hz). 





Voice classification task at different temperature
Figure S9 shows the voice classification task results at different temperatures (323 K, 343 K, 363 K). The confusion matrices at different temperatures indicated the classification results almost did not change because the diagonal values were high compared to other values.  Figures S9(g), (h) indicated the classification scores of 10 numbers and six persons classification tasks at 300 K, 323 K, 343 K, and 363 K. Comparing these scores, the classification performance is not changed by the temperature range and indicate the Ag2Se device has the stability of relatively high temperature range.
[image: ]
Supplementary Figure S9 a,b, Confusion matrices at 323 K of classifying ten numbers from zero to nine spoken Jackson and six persons.  c,d, Confusion matrices at 343 K of classifying ten numbers from zero to nine spoken Jackson and six persons. e,f, Confusion matrices at 363 K of classifying ten numbers from zero to nine spoken Jackson and six persons. g,h, Classification scores at different temperatures for g ten numbers and h six speakers.
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