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Fig. 1. Structure diagram of the ReSe,/WSe, heterojunc-

tion memtransistor.
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Fig. 2. Surface topography image of ReSe,/WSe, heterojunction memtransistor: (a) AFM image of ReSe,/WSe, heterojunction;

(b) height profile of ReSe,/WSe, along the thin white line in panel (a); (¢) Raman spectra of the WSe, and ReSe, layer.
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Fig. 3. Resistance characteristics of the Au/ReSe,/WSe,/Au memtransistor at V, = 0V: (a) I;-Vy characteristic curves of

Au/ReSe,/WSe,;/Au memtransistor at different source drain sweeping voltages; (b) reversible resistance switching between the HRS

and LRS over 225 cycles at Vy, = 2.4 V; (c¢) the retention characteristics of the device at room temperature.
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Fig. 4. Resistance switching mechanism analysis of ReSe,/WSe, memtransistor: (a) Energy band arrangement for ReSe, and WSey;

(b) energy band diagram of ReSe,/WSe, heterojunction; (c¢) logarithmic I- Vg, curves of the memtransistor in the negative bias region.
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Fig. 5. Resistance characteristics of ReSe,/WSe, memtransistors at different gate voltages in the range of -1 V. < V, < 1 V: (a) I- Vg,

characteristic curves at negative gate voltage V, = ~0.1-—1 V; (b) I- Vg, characteristic curves at positive gate voltage V, = 0.1-

1V (the black line with V, = 0 V is as a reference).
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curves at negative gate voltages V, = —10--25 V (the black line with V, = 0 V is as a reference) ; (b) I Vg, characteristic curves at

positive gate voltages V, = 10-25 V.

217302-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 71, No. 21 (2022)

217302

7 Au/ReSey/WSey/Au it 2 i IAE H FRIALAETWE (Vs < 0) (a) Vo=0V;(b) Vo, <0V;(c) V>0V
Fig. 7. Simplified band diagram of Au/ReSe,/WSe,/Au memtransistor (Vgs < 0): (a) Vo, =0V; (b) V, <0V;(c) V, >0V.
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Table 1.  Detailed parameters of the device under differ-
ent positive gate voltages.
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0 1 10 20 25
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/9 10 10t 1010 108 108
LRSFH 237 x 431 x 559 x  9.66 x 1.12 x
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FRE 10° 10° 108 10! 10!

PRI, Xt PR RGN IE |« SRR A R LR g
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FestRE g R T 2 NGRS, V, = 25 V BT RERY
PEEERAT 4 DECRESE, H ] L, TE A AT K
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FHIE T, T RBLASERA R T 2V, =25V
BRI Feak Bl i/ IME 2.52 x 103, AT sE B
FFRHAE 2.52 x 103—2.66 x 10° J@ Rl AR

3.4  SEIHMRIEE

R TR R BR A2, X6 22t fin
ARV ) B0 IR, ARG R % TN
0.15 mW-em 2, 7£ V, = 0 V FIHAIL 1 Vi, R4,
BRI E 8 R, H g &4 T 1Y Iy Vg,
MZlEhZ%. B 8 hin, #rymBEAS I 7E1E
PR T B30, 33X 2 8 ReSe, J2FI WSe, JZ#F
& RAF I OEIMUZ B3 gt N A [ O R
Jii, o L= Vi e il 26 52 B0 mT o ) v H BEIR A
AR 500 nm B, X R 5 B HL A R K, B
WA 2P 1NN, S T O T 1 i BELAS H
T W REAK, F 0] ReSe,/WSe, 5 5145 X} 500 nm
NP T E S5

10-°
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Fig. 8. I- Vs curves of the Au/ReSe;/WSe,/Au device un-
der optical modulation with different wavelengths.
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Fig. 9. I- Vi, curves of the device under different wavelengths
and powers: (a) 500 nm illumination; (b) 800 nm illumina-
tion; (¢) 1000 nm illumination.
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Fig. 10. Resistance characteristics of electric and light dual-gate tunable memtransistor with illumination wavelength of 500 nm:

(a) Ij- Vg curves at negative gate voltages V, = —5-25 V; (b) I~ Vg, curves at positive gate voltages V, = 5-25 V.
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Fig. 11. Electric and light dual-gate tunable Au/ReSe,/WSey/Au memtransistor: (a) The high and low resistance states of the

devices under different gate voltages and different incident wavelengths; (b) on/off ratio of the devices under different gate voltages

and different incident wavelengths.
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Abstract

Memtransistor is a multiterminal device combining the concepts of memristor and field-effect transistor.
Two-dimensional transition metal sulfides have unique electronic structure and properties, and they are widely
used in electronic devices, energy conversions, memories and other fields. In this work, a two-dimensional
ReSe,/WSe, heterostructure memtransistor is prepared, then the resistive switching characteristics under the
electrical modulation, optical modulation, and electric-optical dual gate control are discussed. The results show
that the gate control is an effective modulation method, which can change the on/off ratio of the device from 10!
to 10°. Then, the resistance and on/off ratio of the memtransistor can be controlled by changing the light
wavelength and the illumination power. Moreover, the switching ratio of the device can also be changed in a
range of 102-10° by electric and light dual-gate control, and the reasons for the change of resistance states of the
device under different modulation conditions are analyzed. Furthermore, after 225 cycles and 1.9 x 10% s, the
ReSe,/WSe, heterostructure memtransistor still maintains a switch ratio close to 10, indicating the good
stability and durability of the device. It demonstrates that the ReSe,/WSe, memtransistor will be one of

potential candidates for the next- generation nonvolatile memory applications.

Keywords: ReSe,/WSe,, memtransistor, gate control, optical control
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