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Fig. 1. Schematic diagram and characterization test results of the W/a-MoS,/a-TiO,/Pt device structure: (a) Schematic diagram of
the W/a-MoS,/a-TiO,/Pt device structure; (b), (c) cross-sectional and surface SEM scan results of the W/a-MoS,/a-TiO,/Pt
device; (d) XRD patterns of a-MoS, and a-TiO, thin films; (e), (f) core-level spectra of Ti 2p and O 1s in the a-TiO, thin films;
(g)-(i) core-level spectra of Mo 3d, S 2p, and O 1s in the a-MoS, thin films.
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Fig. 2. Electrical performance of the W/a-MoS,/a-TiO,/Pt device: (a) IV curves under 200 voltage sweeps; (b) distribution of Set
voltages during the 200 voltage sweeps; (¢) cycling endurance of the device under 200 pulse tests; (d) retention characteristics of the
device for 10000 s after Set/Reset operations; (e), (f) response time tests for the Set process and Reset process, respectively.
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Fig. 3. Comparison of device performance without inserting an a-MoS, layer and with different thicknesses of a-MoS,: (a) IV sweep
results of the W/a-TiO,/Pt device; (b) IV sweep results and (c) cycling endurance test results of the W/a-TiO,/a-MoS, (1 min)/Pt

device; (d) IV sweep results, (e) retention time test, and (f) cycling endurance test results of the W/a-TiOy/a-MoS, (6 min)/Pt
device.
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Comparison of electrical performance between W/a-MoS,/a-Ti0,/Pt memristor and other TiOy-based devices.

RRAM structure Vitop Endurance Retention time ON/OFF ratio Ref.
TiN/TiO,/WO,/Pt 3V/-5V 100 ~2000 >50 [25]
Au/TiO,y/Bi,Ti30,,/ITO 3V/3V — >300 ~10° (16]
Al/ZrO,/Ti0y/Al 4V/-4V >10° — ~10? (17]
Au/TiO,/Bi,TiO,/LNO/Au 5V/5V 60 >10? >10 [26]
TiN/LiPON/TiO,/TiN 2V/2V — ~103 >10* [27]
W /a-MoS,/a-Ti0,/Pt 1.5V/-1.5V >200 >10¢ ~10 AL
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Fig. 4. Self-current-limiting effect and multi-level conductance modulation performance of the W/a-MoS,/a-TiO,/Pt device:
(a) Multi-level conductance modulation capability under different compliance currents; (b) self-current-limiting effect without ex-
ternal current compliance; (c), (d) conductance modulation controlled by Set and Reset stop voltages, respectively; (e), (f) current

levels under different stop voltages showing continuous enhancement and attenuation characteristics with fitting results.
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Fig. 5. Conduction mechanism analysis and physical switching model of W/a-MoS,/a-TiO,/Pt: (a) Fitting of reverse conduction

mechanism; (b) fitting of forward conduction mechanism; (c) physical switching model.
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Fig. 6. Bio-synaptic emulation and neuromorphic computing based on memristors: (a) W/a-MoS,/a-TiO,/Pt memristor simulating
biological synaptic connections; (b), (c¢) device emulation of continuous potentiation and depression synaptic properties under square

wave pulse schemes; (d) implementation of LTP/LTD functions in the device under square wave pulses; (e) synaptic weight changes

and nonlinear fitting results.
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High-stability amorphous-MoS,/amorphous-TiO,
heterojunction structure analog memristor for bio-synaptic
emulation and neuromorphic computing”
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Abstract

Memristors, as a new generation of non-volatile memory, can simulate biological synapses. Current research
on memristor dielectric materials primarily focuses on transition of metal oxides, perovskites, and organic
polymers. Among these, the transition metal oxide TiO, is widely used for the switching layer due to its high
dielectric constant and excellent thermal stability. However, TiOy-based memristors face challenges including
poor stability and inadequate analog performance, which fundamentally limit their applicability in
neuromorphic computing. In this study, a high-performance analog memristor is developed using an a-MoS,/a-
TiO, (amorphous MoS,/amorphous TiO,) heterostructure, achieving over 200 stable cycles and a long data
retention time exceeding 10* s. This device exhibits a lower threshold voltage, higher endurance, and excellent
data retention compared with previously reported TiO,-based heterostructure memristors. Furthermore, various
voltage sweep schemes are designed to successfully modulate multi-level conductance in the W/a-MoS,/a-
TiO,/Pt device. The resistive switching mechanism of the W/a-MoS,/a-TiO,/Pt device is elucidated by
combining conductive mechanism fitting with a physical model that attributes the switching to the localized
formation and rupture of conductive filaments. Finally, synaptic functions such as LTP and LTD are achieved
in the device by using square-wave pulses. In this study, a W/a-MoS,/a-TiO,/Pt heterostructure is developed,
which significantly enhances analog memristive performance and provides an effective strategy for improving
transition metal oxide-based memristors.
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