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Figure S1. XPS spectra of HfOx film: (a) Hf 4f and (b) O 1s. XPS spectra of AlOy film: (c) Al 2p and (d) O 1s.
Figure S2. I-V characteristics of Ni/HfO,/p**Si device at 85 °C.

Figure S3. LTP and LTD characteristics for Ni/HfO,/p**Si and Ni/HfO,/n**Si devices.

Figure S4. Optimized LTP and LTD characteristics with different temperature for Ni/HfO,/AlO,/n"*Si device.

Figure S5. Accuracy as a function of epoch for (a) Ni/HfO,/n**Si device and (b) Ni/HfO,/AlO,/n™*Si device (Pulse
optimization).
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