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[bookmark: OLE_LINK11][bookmark: OLE_LINK13]Fig. S1 Characterization of the ferroelectric properties of PZT. a, b OOP/IP PFM responses of PZT, respectively. c, d OOP/IP PFM mapping of PZT, respectively. 
[bookmark: _Hlk214704514][bookmark: OLE_LINK12][bookmark: OLE_LINK9]The ferroelectricity in PZT was demonstrated by characteristic hysteresis loops in both OOP and IP piezoresponse phase signals, along with butterfly-shaped amplitude-voltage curves (Figs. S1a-b). Domain engineering via positive and negative DC bias poling produced distinct box-in-box contrast patterns in OOP/IP PFM mappings (Figs. S1c-d). These polarization-encoded domains further confirmed voltage-controlled reconfiguration and provided direct microscopic evidence of the intrinsic ferroelectricity of PZT. This established a polarized environment that modified the electrical behavior of ReS2.
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Fig. S2 Exclusion of IP polarization effect in the characterizations of OOP polarization properties. a Output characteristics with Vds sweeping from -1 to 1 V. b Transfer characteristics under different Vgs sweeping ranges at Vds = 1 V. c Correlation between the window width of the transfer curve (ΔV) and the Vgs sweeping range (Vgs,max).
[bookmark: OLE_LINK16][bookmark: OLE_LINK14][bookmark: OLE_LINK17]To investigate the fundamental gate-voltage regulation, it is essential to exclude interference from the IP polarization component of PZT. When Vds was constrained within 1 V, no hysteresis could be observed in the output Ids-Vds curves (Fig. S2a), which excluded the effects from IP polarization. Consequently, the readout voltage was maintained below 1 V in subsequent gate regulation. As shown in Fig. S2b, bidirectional Vgs sweeping from −20 to 20 V revealed a large hysteresis window of ~19.8 V, indicative of the memory functionality. The window width increased significantly with the expansion of Vgs sweeping range (Fig. S2c), directly evidencing the OOP polarization properties and enabling synaptic weight modulation via Vgs pulses. The underlying mechanism can be interpreted as follows: stronger electric fields enhanced ferroelectric domain switching, proportionally increasing remanent polarization to strengthen the modulation of channel conductance. These results established a direct correlation between the Vgs sweeping range and the hysteresis window width, validating the feasibility of ferroelectric polarization dynamics as a programmable neuromorphic operation platform.1 
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[bookmark: OLE_LINK18][bookmark: _Hlk205493790]Fig. S3 Modulation of synaptic weights by 690 nm illumination. a-c PSC responses dependent on laser power, pulse number, and duration, respectively. The readout voltage for all tests was 0.5 V.
[bookmark: OLE_LINK19]Systematic studies showed that the device photocurrent increased monotonically with laser power, pulse number, and illumination duration (Figs. S3a-c), reflecting a dose-dependent optical response to the incident optical stimulus. Notably, the photocurrent produced by 690 nm illumination exhibited volatile characteristics, with the signal decaying rapidly to baseline post-illumination. This transient behavior contrasted sharply with nonvolatile responses observed under the 532 nm excitation, highlighting the wavelength-dependent optoelectronic memory effects and underscoring the critical role of excitation parameters in modulating the dynamic response.
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Fig. S4 Representative gate pulse-dependent PSC responses to demonstrate device-to-device consistency. a,e PSC responses of Device 1 and Device 2, respectively, as a function of Vgs pulse amplitude (pulse width = 500 ms). b,f PSC responses of Device 1 and Device 2, respectively, as a function of Vgs pulse number (Vgs = -5 V, pulse width/interval = 500 ms). c,g PSC responses of Device 1 and Device 2, respectively, as a function of Vgs pulse width (Vgs = -10 V). d,h PSC responses of Device 1 and Device 2, respectively, as a function of Vgs pulse interval (Vgs = -7 V, pulse width = 500 ms). The readout voltage for all tests was 0.5 V.
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Fig. S5 Representative optical pulse-dependent PSC responses to demonstrate device-to-device consistency. a,d PSC responses of Device 1 and Device 2, respectively, as a function of laser pulse power. b,e PSC responses of Device 1 and Device 2, respectively, as a function of laser pulse number. c,f PSC responses of Device 1 and Device 2, respectively, as a function of laser pulse duration under 532 nm optical stimuli. The readout voltage for all tests was 0.5 V.
[bookmark: OLE_LINK15]To demonstrate the device-to-device reproducibility of pulse-dependent synaptic behaviors, we tested multiple independently fabricated devices and present representative comparative data from two typical devices (Figs. S4-5). The results show highly consistent response trends for both conductance modulation and synaptic response under gate pulse and optical pulse excitation. Their response trends remain consistent across all investigated pulse parameters, including amplitude, number, width, and interval. Specifically, the device conductance increases with rising pulse amplitude, number, and width, while it decreases with increasing pulse interval, which is in good agreement with typical synaptic response characteristics.
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Fig. S6 Electrical transport properties of pure ReS2 and PZT. a, b Output characteristics of the two-terminal ReS2 and PZT devices, respectively.
[bookmark: OLE_LINK20]Monolayer ReS2 on SiO2 exhibited no discernible hysteresis window in the output characteristics (Fig. S6a), with the conductance gradually increasing during consecutive voltage sweeps, which may be attributed to interfacial charge trapping. Pure PZT maintained high-resistance states in transport measurements (Fig. S6b), without observable memristive switching. These two control experiments rule out the possible mechanisms of Joule heating or contact-related effects for the hysteretic resistive switching observed in the ReS2/PZT heterostructure (main text), and the hysteretic resistive switching should originate from the interfacial synergy: the ReS2 provided a carrier transport pathway, whose conductivity was dynamically modulated by the polarization field of PZT through proximity coupling. This functionality was unattainable in each individual material due to the absence of interfacial cooperation.
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[bookmark: _Hlk205502587]Fig. S7 Modulation of source-drain transport in ReS2/PZT heterostructure dependent on the thickness of Ti interfacial layer. a-c Output Ids-Vds characteristic curves with 0 nm, 2 nm, and 5 nm Ti interfacial layer, respectively.
[bookmark: OLE_LINK92][bookmark: OLE_LINK4]As shown in Fig. S7a, the absence of a Ti interfacial layer in source/drain electrodes resulted in hysteresis-free Ids-Vds characteristics, indicating impeded polarization field coupling. Introduction of a 2 nm Ti interfacial layer induced a pronounced memory window in electrical transport (Fig. S7b), while 5 nm thickness caused a significant window contraction (Fig. S7c). This thickness-dependent behavior may stem from Ti-mediated gradient control of interfacial oxygen vacancies.2,3 The optimal 2 nm Ti layer enhanced remnant polarization through vacancy-engineered dipole alignment, which established stable polarization fields that strengthened the proximity-induced ferroelectricity. Conversely, excessive Ti thickness (5 nm) triggered oxygen vacancy oversaturation, generating domain wall pinning that suppressed the polarization switching dynamics. Therefore, the 2 nm Ti interfacial layer was optimal for proximity-induced ferroelectric enhancement.
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[bookmark: OLE_LINK3]Fig. S8 Charge storage performance regulated through the multiterminal ReS2/PZT device. a Optical micrograph of the multiterminal architecture. b Ids-Vds curves during peripheral bias at 0 V. c, d Capacitor-like charge storage behavior under constant positive biases and negative biases, respectively. 
[bookmark: OLE_LINK93]The optical micrograph in Fig. S8a illustrates the multiterminal ReS2/PZT architecture with specialized functions. As shown in Fig. S8b, the capacitor-like current response vanished when the peripheral bias was at 0 V, confirming its origin of ferroelectricity-induced space charge rearrangement. For the capacitive-like charge storage, the position and intensity variations of characteristic peaks directly reflected the disparity in the polarization field. Under constant bias, the enhanced polarization field effectively drove carrier migration within the ReS2 channel, remarkably increasing current density and consequent boosting charge storage capacity. The equivalent dynamic capacitance can be quantified as:

        Eq. (1)

[bookmark: OLE_LINK1]where v represents the scanning rate governing polarization response kinetics, A corresponds to the effective electrode area determining the charge storage density, and Vi/Vf defines the initial/terminal voltages of the sweeping range. With identical parameters (v, A, Vi, Vf) under a forward/backward bias, the integration results directly scale with stored charge. As demonstrated in Figs. S8c-d, the enlarged integration area under backward bias (4.9E-7>2.7E-7) quantitatively confirmed a superior charge storage performance.
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Fig. S9 Synaptic performance based on IP polarization modulation. PSC triggered by Vds pulses (amplitude voltage:10 V, read voltage: 5 V), a Pulse width of 0.1 s and interval of 0.1 s. b Pulse width of 0.3 s and interval of 0.1 s. c Pulse width of 0.5 s and interval of 0.1 s. d Pulse width of 0.1 s and interval of 0.1 s. e Pulse width of 0.5 s and interval of 0.5 s. f Pulse width of 1 s and interval of 1 s.
[bookmark: OLE_LINK95]Figure S9 illustrates the synaptic plasticity emulation of the ReS2/PZT device with IP polarization modulation. The PSC was triggered by Vds pulses with an amplitude of 10 V and a read voltage of 5 V. It was found that the conductivity decreased with increasing pulse width (Figs. S9a-c), showing a typical inhibitory synaptic plasticity. This is because the longer pulse duration results in continuous switching of the IP ferroelectric domains, which intensifies the regulation effect of the IP polarization field on the carriers. In addition, when the pulse width and the interval increased proportionally, the conductivity showed an enhanced inhibitory effect (Figs. S9d-f), further validating the tunability of synaptic plasticity via IP polarization dynamics.
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[bookmark: OLE_LINK94][bookmark: OLE_LINK7]Fig. S10 Output characteristics under dark and illumination conditions. a I-V curves in the dark. b I-V curves under 532 nm illumination at 1 mW for 5 s.
[bookmark: OLE_LINK96][bookmark: OLE_LINK97]The dark current of the device progressively decreased with the increase in Vds sweep cycles (Fig. S10a). Under 532 nm illumination (1 mW, 5 s), the current showed a cumulative enhancement when increasing the sweep number (Fig. S10b). This contrast demonstrated that light illumination served as an effective means to modulate the conductance, providing experimental evidence for the dynamic regulation of synaptic weights. Achieving the functions of electrical inhibition and optical promotion in the device enabled bidirectional synaptic weight modulation mimicking biological excitatory-inhibitory balance, which could support complex neural signal processing emulation.
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Fig. S11 Reproducibility tests under repeated operation for cases 1-6.
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Fig. S12 Environmental stability tests at a 50 ℃ and b 10 ℃ for cases 1-6.
The cycling tests of cases 1-6 under repeated operation are shown in Fig. S11. The devices exhibit no obvious conductance drift or performance degradation under cycling operations, demonstrating the reliable long‑term stability under repeated use. Meanwhile, we systematically performed comparative tests at 10 °C and 50 °C to simulate the influence of environmental fluctuations on device performance (Fig. S12). The response characteristics remain consistent, and no significant performance degradation occurs, fully validating the strong robustness and environmental adaptability of the system. These results rigorously verify the reliability and practicality of the authentication system, which fully supports the validity and rigor of the relevant functional demonstrations.
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