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Figure S1. Device schematic and DC characteristics. (a) Schematic of ~30-nm CeOx/HfAlOx device. (b) Gate voltage versus drain current at Vd = 0.1 V before and after forming process. (c) Cell-to-cell drain currents after forming process from the devices with W/L=200/100 μm. The gate voltage is applied up to 5 V (green), 6 V (yellow), and 7 V (brown) reading at Vd = 0.1 V.
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Figure S2. Dependency of current characteristics on channel dimension in the double-layer structure. (a) Schematic of ~70-nm CeOx/HfAlOx device. Cycle-to-cycle measurement results for gate voltage versus drain current from the devices with (b) W/L = 200/200 μm, (c) W/L = 200/100 μm, and (d) W/L = 400/200 μm. Cell-to-cell drain currents from the devices with (e) W/L = 200/200 μm, (f) W/L = 200/100 μm, and (g) W/L = 400/200 μm. All the results have been obtained at Vd=0.1 V. The gate voltage is applied up to 5 V (green), 6 V (yellow or orange), and 7 V (brown).
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Figure S3. Dependency of current characteristics on channel dimension in the single-layer structure (a) Schematic of ~30-nm CeOx device without HfAlOx. The cell-to-cell drain currents versus gate voltage from the devices with (b) W/L = 200/200 μm, (c) W/L = 200/100 μm, and (d) W/L = 400/200 μm at Vd = 0.1 V. The gate voltage is applied up to 5 V (green), 6 V(yellow), and 7 V (brown).
[image: ]
Figure S4. Learning operations of the ~70-nm CeOx synaptic device. Potentiation (red) and depression (blue) preceded by (a) identical pulses and (b) linearly increasing/decreasing pulses. (c) Identical pulses: amplitude of 5 V and pulse width of 100 ms. (d) Linearly ncreasing/decreasing pulses with amplitude of 5~6 V (step: 0.02 V) and pulse width of 100 ms. The drain pulse (red line) is applied at the same time with gate pulse (black line).
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