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Figure S1. Schematic image of a biological synapse, which assists in the

visualization of the three-terminal synaptic device configuration.
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Figure S2. A TEM image showing a cross-section of the Al/AlO,/graphene
multilayer on SiO,. The elemental composition information of the Al and AlOy

layers are also included.
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Figure S3. Switching cycles for the Al/AlO,/graphene structure under different
temperatures. A higher temperature can lower the LRS and SET voltage, which

indicates that the filament is formed by oxygen vacancies.
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Figure S4. The post-synaptic current (PSC) modulated by 10 ms pulses with
different repetition frequency under mode II. The PSC shows 70 potentiation
states without saturation. The synaptic strength is related to the frequency of the input

pulses, which reproduce the bio-synapse behavior.
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Figure SS5. The post-synaptic current after pulse modulation having good

retention up to 300 s.
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Figure S6. The structure operated in two modes with the same measurement

configuration. (a) Measurement setup for one device operated in two modes. (b)
RRAM type operation. (¢) FET type operation. The main difference is the post-
synaptic current definition. In RRAM type operation, the post-synaptic current is
defined as gate leakage current (Ig). While in the FET type operation, the post-

synaptic current is defined as the drain current (Ipg).



