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Fig. 1. Schematic diagram of multilayer MoS, memtransistor.
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Fig. 2. Diagram of the preparation processes of multilayer

MoS, memtransistor.
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Fig. 3. (a) AFM image of multilayer MoS, ; (b) Raman
spectrum of multilayer MoS,.
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Fig. 4. Resistance characteristics of multilayer MoS,
memtransistor at V, = 0 V: (a) Ij- Vi, characteristic of the
device at cyclic sweeping of the Vg, from 5 to =5 V (Inset:
the Iy~ Vg, curves of the device before and after the source-
drain electrode is exchanged); (b) the resistances of the
device in high and low resistance states at Vy, = 0.6 V dur-
ing 125 cycles; (c) switching retention characteristics of the

device at room temperature.
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Fig. 5. Resistance characteristics of multilayer MoS, mem-
transistor under different gate voltages: (a) I;- Vg, charac-
teristics of the device at V, = -1, -3, =5, =7 V; (b) Iy Vg,
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Table 1.  Performance parameters of the device at different forward gate voltages.
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Fig. 6. Resistance characteristics of multilayer MoS,
memtransistor under the control of the light field: (a) - Vi
characteristics of the device under different wavelength illu-
mination; (b) the resistances of the device in high and low
resistance states and the corresponding ON/OFF radio un-

der different wavelength illumination.
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Fig. 7. For incident light with 200, 400 and 800 nm wavelengths, (a) the resistances of the device versus V, in high and low resist-

ance states and (b) the ON/OFF radio versus V.
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Fig. 8. Performance comparison between different devices:
(a) Switching ratio of the devices under different gate
voltages; (b) switching ratio of devices at different
wavelengths; (c) switching ratio varies with gate voltages at

illumination wavelengths of 200, 400 and 800 nm.
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Resistive switching behavior and mechanism of multilayer
MoS, memtransistor under control of back gate bias
and light illumination”
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(Department of Physics Science and Technology, School of Science, Wuhan University of Technology, Wuhan 430070, China)

( Received 20 April 2021; revised manuscript received 17 June 2021 )

Abstract

Memtransistor is a new multi-terminal device which combines the properties of memristor and field effect
transistor and simultaneously realizes information storage and processing. In this paper, the multilayer MoS, is
prepared by micromechanical exploration method, then the back gate MoS, memtransistor with field effect
transistor structure is fabricated, and the resistive switching characteristics and mechanism of the device under
electric field, light field and their synergistic regulation are systematically studied. The experimental results
show that the multilayer MoS, memtransistor has excellent bipolar resistance behavior and good cycle
durability. Under the control of gate voltage, the switching ratio of the device can be tuned in a range of
10°—10°, up to 1.56 x 10°, which indicates that the device has a strong gating effect. Under the control of light
illumination, the resistance characteristics of the device are strongly dependent on the incident wavelength.
When photoelectric synergistic regulation is performed, the device displays excellent four-terminal control
capability, and the switching ratio is enhanced up to 4.8 x 10*. The mechanism of resistive switching
characteristics can be attributed to the changes of charge capture state and Schottky barrier height at the
interface between MoS, and metal electrodes, and the continuous photoconductance effect caused by

photogenerated carriers in MoS, channel.

Keywords: MoS,, memtransistor, memristor, resistance switch characteristic
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