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Intrinsically Stretchable Threshold Switching Memristor for
Artificial Neuron Implementations
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Abstract: The exploration of flexible electronic devices with information processing functions of biological neurons
is of great significance for the development of intelligent wearable technologies. Due to lack of inherent mechanical
flexibility, conventional threshold-switching memristor based on rigid materials that can implement the computing
functions of biological neurons is difficult to fulfill the requirements for potential applications in the future. In this
work, an intrinsically stretchable threshold-switching memristor was prepared by using silver nanowire- polyurethane
composite as the dielectric layer and liquid metal as the electrodes, respectively. Under application of a sweeping
voltage, the device exhibited reliable threshold switching characteristics, which was switched from the high resistance
state (HRS) to the low resistance state (LRS) during device programming and spontaneously relaxed to the HRS upon
voltage application. Further analysis shows that the underlying mechanism can be attributed to the dynamic formation
and rupture of discontinuous silver conductive filaments formed between silver nanowires. In the pulse programming

mode, memristor device is able to emulate the integration and firing characteristics of biological neurons, suggesting
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its great potential as an artificial neuron. Moreover, the pulse amplitude and pulse interval modulated neuronal spiking

behaviors are successfully replicated using such devices. Under 20% tensile strain, the threshold-switching memristor

shows negligible changes in the operating parameters during device switching and neuronal function implementations,

suggesting its excellent mechanical flexibility and stability. This work provides important guidelines for the

development of high-performance stretchable artificial neuronal devices and next-generation intelligent wearable

systems.

K ey wor ds: neuromorphic computing; memristor; threshold switching; stretchable; artificial neuron
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Fig. 1 Flow chart of Cu@Galn/AgNWs-PU/Cu@Galn device fabrication

TR IIAT o BT B A 4055 5 7 4(150 W, 5 min)
X NaCl 2 RISk AR . SRR —
{1 900 t/min FIFEHERR 8 s, 5 5 {#1H 2200 r/min
(3 N 45 s, GiWRIETE 65 TG BItT
2.5h, I HEREL N1 um FRIKL-REBE &
W . IR, & BRERAEN T RIS — 2
JEFESN 16 nm ¥ Au JE, B 5 7E Au i F Rl 400 pm
W R AS &8 R F ik, FH18TF PDMS it ds i 47 3
ol fa, I 2B T KIEfE NaCl 4o i H 8% 25 4+,
Fil ¥ 3 T TS FE AR ) 400 wm B8 VRS 4R TR LA, OF
F] PDMS s geff#& s he, 193018 1 4 K b oo st
A PDMS/Cu@Galn/AgNWs-PU/Cu@Galn/PDMS [{]
o
1.3 MEAmIRIE

8 H 37 SU8200 437 K& S A4 Hi + WA B W
EFEMIANRZ; ] Agilent BIS00A A Sk %
B BT SO 8844 14 1-V PR REHEAT MUK, {8 H Keithley
4225 kR S e TR ORI AR, Wi 1 TR,
DN R o 7 8 A TOT PRIt ) P, s 445 JEC LM et

2 GRS

21 B -V R

Bl 2(a)@oR T2 TRYUKR R A B A M
P ) (L 5 S TR |-V p 2 v O R ARG it 41 4
HEHNO V=5V—>0 V=>-5 V=0 V, W7 K214
B IR0 A AR R . BLIETR B, 24

JEM 0 VB HTE N2 S B E~2 V (V) #81FH
TM~10"7 A BRTZIFRIF(107° A), BHI 2% M s
A (High resistance state, HRS)1J]J # 2 BH #5 (Low
resistance state, LRS). 2 HL [k R R 2R FFHLE 045 V
(Vhola)J5i, FETRZEIRIE/DS, SEBS 284 LRS 3R [H] £
HRS. Kl 2(b)&7x 1 20 /™ 1-V JE¥H 1 TAE W & 5
M. W 2(c)Fix, #4FFILE 10 nA~10 pA 1)
PRI T Ae AR, JF 9% b bl PR I 38 0 T 328 5 184

Bl 2(d) &R T N JiUE R B R EAF TAE R R
Wi JE A ] S AL T, A AR B R R RN
12, 5.5, 2.8\ 1 pm W&ff. A TFATHE, XY
AN B2 B 20 IRALE 1-V JE3R, BT TR R
Guit. M 2(d)H AT LLE H 384 1) TAE H R R 3
PEBHE A A1 032 I 1T AS T B A, 4 o2 R A
12 pm J/NE] 1 pm B, Vi, M(24.424.1) V FEEF
(2.140.4) Vo dRZ2pgd I, S HISEIR .
X AT e M R, SRR T F N R,
AR BT HRR R 2
2.2 BYEITIENESH

SEEGAE T T 1A A AR A H BE AR R 1))
L], MRYE Wang P TAE, fEsRHIBEA T,
IEUER B YRR ARG BT Ak TR
R I ARG K T o gl 22, BRIk LA 23 1
HLH%, ET 5] #E HRS %) LRS MI#5738  MAETS I T,
BT LA 22 7R SR TH 7K TR R T R B TR KB N H K
W2, JE#s1 LRS #7484 HRS ) EZ 5 K T
IR FIARAYE, AT DLHEBT R K 28 (8] B B AR



416 T B M OB R 938 %
107 F) ®)
A~ 2 100 A 7 3
| | Y s
106 F ! 80 [ / /
< : 10¢ | | .
> | o 60
5 10°F I g /
5 ittt \ : . jl g 40 o —un—Vy
3 j ! o [ / ) / ——Vhoua
10710 E | i 20k N
I PR —
I i L /A/ 7 l AV
3 | ! A y -/
Wied Vi oF « v ¢ = Y Voo
10712 1 1 * ¥ 1 1 1 1 1 1
—4 -2 0 2 4 -4 -2 0 2 4
Voltage / V Voltage / V
0@ 3f@
1076 15+
< Z
- [
T 108 .L%D 0r
o 5
g ' @r
3 —=— 10 pA T -
10710 —eo—1pA e 5:::1‘1
3 —a— 100 nA =30 -~
i —v—10nA v Vhou
10—12 ! L L ! L 1 1 | |
” > 0 2 4 12 5.5 28 1
Voltage / V Thickness / pm
2 WA EJRIRAK L - TR A WS < R A Y 1-V R
Fig. 2 |-V characteristics of the Cu@Galn/AgNWs-PU/Cu@Galn device

(a) 1-V curve of the Cu@Galn/AgNWs-PU/Cu@Galn device; (b) Cumulative distribution function of the operation voltages; (c) |-V curves of
the device under different compliance currents; (d) Dependence of the operation voltage on the thickness of the AgNWs-PU film
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Fig. 3 Working mechanism of the Cu@Galn/AgNWs-PU/Cu@Galn device
(a) Dependence of the device resistance at the LRS on the compliance currents; (b) Illustration of the dynamic Ag
filament formation/rupture between AgNWs during threshold switching process
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Fig. 4 Emulation of the integrate-and-fire behaviors of biological neurons with the Cu@Galn/AgNWs-PU/Cu@Galn device
(a, b) Schematic diagram for (a) biological neuron and (b) artificial neuron; (c) Typical integrate-and-fire
behavior of the memristor based artificial neuron; Colorful figures are available on website
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