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Abstract

With the increasing prominence of energy efficiency bottlenecks caused by the “memory-process
separation” in traditional von Neumann architectures, neuromorphic computing has provided new
insights to transcend current computational paradigms by emulating biological synaptic plasticity
mechanisms. This study proposes an optoelectronic synaptic transistor based on a molybdenum
disulfide (Mo0S:)-pentacene organic-inorganic heterojunction, aiming to achieve bio-inspired synaptic
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functions through optoelectronic co-regulation. Experimental results demonstrate that the transis-
tor can mimic diverse biological synaptic behaviors, including paired-pulse facilitation (PPF) and
the transition from short-term memory (STM) to long-term memory (LTM). Under 460 nm optical
stimulation, the device exhibits high responsivity (PPF index of 158.2% at 1.464 mW/cm?) and non-
volatile memory characteristics. The memory retention time can be modulated by adjusting optical
pulse duration and repetition frequency, simulating brain-like learning patterns. Furthermore, by
integrating an electrical “erase” function, the device successfully realizes synergistic operations of
optical writing and electrical erasing. This work provides a novel strategy for developing flexible,
low-power neuromorphic optoelectronic devices, with significant application potential in bio-in-
spired vision systems and intelligent sensing.
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Figure 1. (a) Schematic diagram of the optically stimulated synaptic transistor; (b) Optical microscopy (top) and fluorescence
microscopy (bottom) images of the optoelectronic synaptic transistor. Scale bar: 20 um
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Figure 2. (a, b) Optical microscopy images of mechanically exfoliated MoS: (a) and pentacene (b) on SiO2/Si substrates. Scale
bars: 20 um; (c) Photoluminescence spectra of MoS:, pentacene, and heterostructure
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Figure 3. (a) Transfer characteristics of the optoelectronic synaptic transistor; (b) Light-intensity-modulated transfer charac-
teristics under illumination at 460 nm and source-drain voltage (VDS) at -1 V
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Figure 4. (a) Schematic diagram of a biological synapse; (b) Response of the transistor to five optical “write”/electrical “erase”
cycles under VG = —50 V and VDS = -3 V. Green shaded regions indicate the duration of optical pulses (1.464 mW/cm?, 5 s),
and blue dashed lines mark the timing of electrical pulses with a voltage of 20 V
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Figure 5. (a) PPF behavior of the transistor. Experimental conditions: light intensity = 1.464 mW/cm?, pulse duration = 0.5 s,
interpulse interval = 0.6 s at VG =—50 V, VDS = -3 V; (b) PPF index as a function of pulse interval
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Figure 6. (a, b) Schematic diagram of photogenerated carrier transport (a) and band alignment (b); (¢) Comparison with the
maximum PPF value reported in previous literature
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Figure 7. (a) Schematic diagram of human brain memory modes: (b, ¢) Excitatory postsynaptic current (EPSC) of the transistor
as a function of optical pulse duration (b) and number of optical pulses (c) Light intensity: 1.464 mW/cm?, VG=-50V, VDS
=-3V
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