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Abstract

Rencently, neuromorphic systems of spiking neural networks (SNNs) that imitate the human brain have attracted
attention. Neuromorphic technology has the advantage of high speed and low power consumption in cognitive
applications and processing. Resistive random-access memory (RRAM) for SNNs are the most efficient structure for
parallel calculation and perform the gradual switching operation of spike-timing-dependent plasticity (STDP).
RRAM as synaptic device operation has low-power processing and expresses various memory states. However, the
integration of RRAM device causes high switching voltage and current, resulting in high power consumption. To
reduce the operation voltage of the RRAM, it is important to develop new materials of the switching layer and
metal electrode. This study suggested a optimized new structure that is the Metal/Al,O3/HfO,/SWCNTs/N+silicon
(MOCYS) with single-walled carbon nanotubes (SWCNTs), which have excellent electrical and mechanical properties
in order to lower the switching voltage. Therefore, we show an improvement in the gradual switching behavior
and low-power 1/V curve of SWCNTs-based memristors.
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Fig. 1. lllustration of multi-level LRS/HRS process of
SWCNTs—based RRAM.
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Fig. 2. Electrical characterization of the SWCNTs-based
unipolar switching memory device.
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Fig. 4. Schematic drawing of the MOCS RRAM.
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Fig. 5. The fabrication process of the MOCS RRAM.
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Fig. 6. Raman spectroscopy of the SWCNTs, showing a
distribution from 1200~1700cm™'(Five samples
were measured).
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Table 1. SET&RESET voltage depending on Device stack.

H 1. Device stack0il {2t SET&RESET M2t
Device Stack Set Voltage Reset Voltage
[1] | Ti/AlLOs/HfO/SWCNTs 3.55V 1.05V
[2] Ti/HfO,/SWCNTSs 3.9V 1.1V
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Fig. 8. Synaptic gradual SET&RESET modulation.
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