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Abstract Random Ag nanowire network with high density and adaptive properties can mimic the complex
network topology of neurons and has a wide range of applications in the field of information storage, selectors, and
neuromorphic computing. In this work, Ag nanowire devices are prepared on a patterned electrode substrate by a
spin-coating process to investigate the impact of the concentrations and diameters of Ag nanowire on their electrical
properties. The results show that the random network prepared by Ag nanowires with diameter of 30 nm and
composite solutions with concentrations of 5 wt% can achieve controllable high switching resistance behavior.
Furthermore, the resistive behavior with large switch is used as the initialization process of the device to achieve
controllable synaptic plasticity behavior, which can respond to ultra-low voltage. Finally, the working mechanism of
random Ag nanowire networks under different electrical stimulation is proposed by an investigation into the
formation and rupture process of Ag nanofilaments in individual nanojunctions. This work provides new ideas for
the physical realization and application of random network in the field of novel neuromorphic device.

Keywords Ag nanowire network, Resistive switching, Synaptic plasticity, Ultralow-voltage

FEE HA 8 R [ I R (B MR AR oK 2 0 45 e S A 2 T 10 B 22 B R Eh, AE 05 B B fp 2B &
THEGUET N )z o SCESRAENR T 2AE BUR AL AR AT IS L8 T AR AR LAk, BIFOE T AN [FIAR 44K 42 ok 5 LA X
HL2E MR RR S, IR IR S T BB AR TAE LR (0.01 V) I ZIE S, LIS R, RAIEA M 30 nm YRR L
FH B R 5 wi% 19525 VS VRUIT Tl 45 1A B ATL I 4% B % S R 45 A OO S6 LUBH AR AT o itE— 20, B KT 26 LU BH AR T R VR SR 4%
PERRTIR AL AR, SEB T SR AR 2 BHAR S8 A6 S IER AR ik o i PV T T A Rl e S M vl BB ATy o IR, S A X B4l oKk
25 g ARG AN 22 B IE B S5 W 24 R AT AT, 1 — 2D 4R B AL AR AR e N 45 76 R TR LB 1 T I TAE LR . AR TAE N
BT R 2 T A AR T BEATL I 265 1) ) 3 S S AN I P HRALL T 57 L

KR BEPVURAUKRL ML RBHISC  sefal e KRR
FE 52 S: TMS502 XERARIRAES: A doi: 10.13922/j.cnki.cjvst.202310018

NI v BE S 2R B AR ) 2R 8, O BRSO o0 R S BRI ZR ORI 5% finh 12 2 A4 2 BT , T G SC A i
LA RO A A AL B B ARG ITZ ] AR ) 5 s BT X R S e AT
M, ENTE AR S AR, el B> T A A5 5 f i 1Y B A 1 58 A B 42t 4t
THREEH R . YA EEA TR B3 s, M, INTITREAR T8 ARTAE . 2 Nt 2 RGLa 1175

W B 3 2023-11-03
E2WA: FEARPEEETH (62004039 )
* BEZR A E-mail: chaoxing wu@fzu.edu.cn; gtl_fzu@hotmail.com


https://doi.org/10.13922/j.cnki.cjvst.202310018
mailto:chaoxing_wu@fzu.edu.cn
mailto:gtl_fzu@hotmail.com

58 "oz B o

ST 5 I NI S

o 44 3%

KW JE &, BA H ALK AERRE BB B g 2
BRI AR SR B AR 2 — .
r, TR EE LI A i 2R 2 I % R G 55 N ik 7 A AL A
P, Z BN E N IMFTRE N Z 0T,

BT YKL P 2B 5 W 46 02 i E IR e 4
J& A AL BENLL 5T B TCF R4, B Refe SE R
TG 5 S AL BRI DI fE, TRk B& 1 3d Al [
HAae 1. H TR R TYORL S Sy
FEAR 2= VR, iy A RBOR 8 &5 a1, DA
TP B 52 2% 1) PR N0 BN GHOR &5 A 1 e
HLREPEDRE TR 28 AT R, P g K bt
B AL PR E 2 CEZEWEH . YE&EN
K EFH e 38 X 45 B, 4 i /B AR A o /4 Ja S 1 T
DI 77 0 2K &35 sSUAC B R P, DT 555 38 X 2% 1) D) g
Rt

YA G5 a1 BEL S HIL I R T A% 52 45 74 1 A R
P T 5 R TR, AN [R) 9 4 T LAY FE AT RRRE 52 i 4T A5 P
LA HL for 2 A FRE A 25 A Y fE AR 2 B AR
BLI Y, k2= 4 e AR DL EL A ALEE B A | ]
B AR XM RHE AN U AL, BRI T T2
A RT, St 2 T A 4 J@ AL AL A BHAS 8 F,
— MR T A TR AR (Ag) VRN A% LM R, FLBH TG
1T AR T B2 5 Ag 9K 22 1908 i 5 W 24 o
il hn, #B R P T K2 Gianluca Milano"” Z&HF 5% A
FORHIE BN Ag, I HL5E N R SRS el (Pol-
yvinyl pyrrolidone, PVP) [ 40 K &k il % T # &IE A&
DR 2, FFE BT 2 0 2 i 2 30 g [ i R S Joit 5 f
ATEAPE SR T Ag AOK T R FE A2 AR BLAE
7K JE K% Joel Hochstetter' 2= 1 5% A 5 [7) £ %
Ag@ PVP Z5F 9K 55 T A IE M4, IR
TZM T HT AN — R 0ME BAESs, I EE R
SR T BN 2 AC 2B B 2z b o SR, Ander [
fRIEET Ag KL ZIE T84 1 TAE fi F AT %
REEFEUR B APk . BT, Ag KR IE A 4s
PR AR TAE LRSS B R 1V~ 5V Z a7,

ARSI T — PP A AR T AR R AR (0.01 V)
() Ag KL M BLAS 214, % M 4% th Ag@ PVP &%
P GOK ZEBEALLE G . R T ARAF AR Y TAE
HL s, B SR R 45 AR 1 i T IR AR ] Ag Ak
2 LA R B X D % rL 2 PR R IR S A .l A A
AL T2 SEOR AT Ag 99K 89504, i fH
Bl HL I 28 3% B A R FLBHL T 56472 o iF9E G 3R,

DR B AR AT VR R A s Al R AR
REXTIRE R 0.01 V4 ARk o e s 7 A4 T 928 52 f
ALYBPEAT A N o - ELBE % 0 4R b e B 4 B ]
(AR A, R 2 il v SRR AT Ry 28 B A2 A2 1) [R)
A, B, I BN 25 Rrh Ag KA 228
B T 2L A BRI AT RIS, i — DD T BEAL Ag
YRR NS LEA R IR A S5 T 0 T AR,

1 FI&5RIE

1.1 Ag PRLETR[GFHHEHE

48, RABOCZ ) H ARSI SR (20 mmx
20 mm) |- i 848 4164 (Indium tin oxide, ITO) Xf
FREAR, PIASE R Z B RIEE S 60 pmo RS, FIH
HL T R (FA2004 AU ) L 5 i 53 5003 518 1wt%.
3 Wt%. 5 Wt%. 7 wt%. 9 wt% Fl 11 wt% [ Ag 40K
IR, RN TICK S . ARSI Ag 48k
2ok F T F 98 K20 7 (XFI95 Fll XFDZSN), Ag 4
K2 ARy 9124 30 nm. 200 nm F1 300 nm, K 1
A 20 um, AL BTSSR FH A Ag K £8 B A4S 30 nm,
KR 20 pm, [FIET, 38 A AR S AR ST AN R Ag
YRR EAR XS 2R AF B AP RE RO SE MR, X 45 36l 25 T2
SHNFE Vs o EIRELE 52, R AL
(KW-4A B ZEF ) 1TO XHFRELL Ll % BEAL Ag
YR ML, TR, R EME A 500 rpm/min,
IFIA] R 20 s; 7134 4 3000 rpm/min, BFA] K 30 s, #x
Jt, BT T2 LR B T AR 60°C HYE
IS (YS-2008 #1) T4 30 min.,

R1 TR AgWREZEEHMEHETZSH
Tab. 1 Process parameters of network preparation with differ-

ent Ag nanowire diameters

HA%/mm K /um J b 53 EUwt%
30 20 5
200 20 5
300 20 5

1.2 Ag PRLET[HFHRIET X

A SC TS B L 2F T 5 3l i KEYSIGHT
B2912B i 2% 3% 2 = IR IR A 5 #5 i i, = IR
WEF GRS SEMISHARE SCG-0-2, i 7%
b B AR R B 5 X R ITO Hy Al A % 42, I i
IR R AR A . Er RS R, iR
A T [ N 5 Vs, R T-5V ~5V [



o1

ERAESE 25 AR AR B R B B OR ZR B AR R 5E 59

] R AT 4 o 3 S L 187082 (TEM) ( Tecnai-
TF20) J T W8 Ag 98 K45 5 2 ] B 22 UG ol . 6
% 1B (OLYMPUS BX51M) [l T M %% Ag 49Kk
D 265 (1) 3 A 1 DL

2 #ERE5ITR

ARV T —Fp B AR BERL Ag 40K
2RI 4%, L ef A AT R T 3 G B 3 ST R R g 2
TS EAT 2, A0 18] 1(a) Bz o AR L BE S A2
HESE S Y Ag BSFAE PVP 9KFE 2T 3 B s,
TR J 3 42 AR G K R 1) S Ll 22 . M2 A58
N T R AN 22 58 T U, B A RN 45 1 2%
HA M. K 1(0)JBR THIHL Ag 40k
LR 28 62 BAEE RAE R, Ag K& Z [ AH B A2
BIF HIAIHUT 1TO M Z I R SCHER) Ag
YK LR AE L 2 B B L T, LR LA S5 A
o v 22 G I B 2N A A T e
I8 B BT 2 5T PVP 582 Ag k4 22 11
BRI T 24, 16 % FFH TEM X 84~ 58 X5 (9% 35 0t
gz, @it & 1(c) nT LAE M A Y, PVP 3T
Ag YKL Z S 10 AR 94 K 28 2 T8 A 2
PR Ag 90K 2k 2 18] 1) 58 S5 R g oKk 25 05, Hol &
0] DL L R PVP 5T)2 H Ag AR AN 22 (AR R
Pl

(2) (b)

[ —
_— ~ /nano-fitament
-

ITO *
Ag nanowire
network

ITO

—
s
' 2

20 pm

ITO

100 nm

K1 Ag RLBHAEAFE H BOESE . (a) fefFasH 1A,
(b) P2 BRI, (o) B GRE, R A

Fig. 1 Structure and morphology of Ag nanowire resistive de-
vice. (a) Schematic structure of device, (b) Optical mi-
crograph image of network, (¢) TEM image of single

nanojunction
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Fig. 3  Electrical characteristics and schematic diagrams of network with different Ag nanowire diameters. /- curves of the network

with Ag nanowire diameter of (a) 30 nm, (b) 200 nm, (c) 300 nm. Schematic diagrams of network connection with Ag

nanowire diameter of (d) 30 nm, (e) 200 nm, (f) 300 nm
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Fig. 4 Electrical characteristics of Ag nanowire resistive de-

vice with optimal process parameters. (a) /-V curve of
the device under the bipolar voltage, (b) Current distri-
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curve of the device (c) under negative voltage, (d) under
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