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Abstract: The explosive increase in digital communication of the Big Data and Internet of Thing
era spurs the development of universal memory that can run at high speed with high density and
nonvolatile storage capability, as well as demonstrate superior mechanical flexibility for wearable

applications. Among various candidates for the next generation information storage technology,
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resistive switching memories distinguish themselves with low power consumption, excellent down-
scaling potential, large scale 3D stacking ability and CMOS-compatibility, fulfilling the key
requirements for high performance data storage. Employing organic and hybrid switching media in
addition allows light weight and flexible integration of molecules with tunable device performance
via molecular design-cum-synthesis strategy. In this review, we try to present a timely and
comprehensive review of the recent progress in organic and hybrid resistive switching materials and
devices, with particular attention on their designing principle for electronic properties tuning and
flexible memory performance. The current challenges posed on the development of organic and
hybrid resistive switching material and flexible memory devices, together with their future

perspectives, are also discussed.
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Fig.1 Schematic device structure and various current-voltage (I-V) characteristics of nonvolatile

resistive switching memories, where Icc denotes the compliance current during set process
to prevent the device from permanent breakdown
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Fig.3 Chemical structures and I-V characteristics of (a) OZA-SO “3land (b) NONIBTDT?l; (c)
HOMO and LUMO levels of NONIBTDT [28]
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Fig.5 (a) Molecule structure; (b) Schematic illustration of the device and (c) I-V characteristic; (d)
switching endurance; (e) retention property of mer-[Ru(L)s](PFs)2>*
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Fig.9 (a) carbon filament; (b) bending performance; and (c) water-resistant property of the
Cu/pEGDMA/ITO memory devicel*®!; (d) schematic illustration; (e) I-V characteristic in flat
state; and (f) bending performance of the Cu/pV3D3/Al memory device®4
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Fig.10 (a)Schematic structure and (b) transparent property of the all-PEDOT:PSS memory device;
I-V characteristics of the device (c) in fresh state and (d) after storage for 3 months; (e)
comparison of the ON/OFF ratio for fresh and stored devices; (f) retention test measurement
for fresh and stored devices!®®
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Fig. 11 (a) Structure and involved molecules of the memory devices based on PI(AMTPA) blends;
(b) Energy level and (c) switching behavior variation of the memory devices; (d) Bending
performance of the device with PI(AMTPA):PDI-DO(3%)"?!
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Fig. 12 (a) Chemical structure of PA-TsOH; (b) I-V characteristic; (c) and(d) multilevel switching
behavior of the Pt/PA-TsOH/Pt memory devicel’%!
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Fig. 13 (a) Schematic structure of the transistor with PQT and EV/(CIO4),+PEOQ functional layers
and retention property "¢); (b) chemical structures of BTPA-F ,EV(CIO4), and schematic
illustration of the Ta/EV(CIO4)2/BTPA-F/Pt memristor; (c) retention performance after
being subjected to different numbers of identical voltage pulse stimulations and(d)
demonstration of the “learning-forgetting-relearning” process*¥; (€) schematic illustration of
the flexible Ta/EV(CIO.)2/BTPA-F memristor; (f) applied voltage and measured current
plotted against time, illustrating the variation trend in current during consecutive voltage
sweepsand; (g) the current-voltage characteristics of the Ta/EV(CIO,)/TPA-PI/Pt device
showing distinctive history-dependent memristive behaviour. Inset: Diagram of a biological
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Fig. 14 (a) Structure; (b), (c)and (d) flexible performance; (e) switching endurance of the PS:PCBM
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7 KR AL, A BREE . g (BP) 99 | MoSe,. WS, Al NbSe U 25 EUIRA4 K1
FIHF A (QD) [AIFE AT AAE A L far 7 3R Oy, 75 A S A BHAR 244 Fr 2 0 HH A 53 PO A6 1 R
Horp—TR R M TAE/Z Han 25000 3 ik 8 7 4 B OMH 3025 19 J7 vi % P RSEA 2.7 nm
[y o B A e T, R AN R RO A T PET BRI AIPMMA/BP
QDs/PMMAV/AI #fhd (aniEl 15(a)), #efhaeds Bl 15(0) . ixds i Lt mis 107,



WRgMR, %5 B HURIZAGBLAS kLS 28 0F

PEIR AT 100 Yk (i 15(c)) 5 7E 15 mm 25 fi2E42 R A3 500 Wk, HITkH ok
HHER TR CnpE 15(d)).

@

— 10 | 999999%00,0%00009%000
HRS

LRS
m‘ﬁw

0 25 50 75 100
Number of cycles

(b) Foo °
TRl o e 0
. e 2 "
<
4.1 e\/l oo =
43eV 43ev A §F
e —— & '3
A2 47ev2 A Al 3 10° f
o a
jonfeceee®®e ° B
Virgin Device Under SET Process 0 150 300 450

Number of bending cycles

K15 AI/IPMMA/BP QDs/PMMA/AI fE# 231 (a) ZiknE s (b) serl: (o) IR A
P (d) RN 15 mm B 280 G IR A PR

Fig. 15 (a) Schematic structure; (b) schematic band diagram of the virgin device and the device
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K16 (a) AIPVK-CNT/TO f#fifi g 4R E K A AE (b) 0.2%; (¢) 1%; (d) 2%;
(e) 3% CNT 5 &A1) 1-V e
Fig. 16 (a) Schematic structure of the AI/PVK-CNT/ITO memory device and its |-V characteristics
with (b) 0.2%; (c) 1%; (d) 2%; and (e) 3% CNT®2
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fF3kH 0. 2012 4F, Shang Z50% il T —Fh LA PVK OB . A S8 4K A VB N B 7 3k
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(e) 1T@2H-MoS; 4K F o8l
Fig. 17 (a) Schematic structure; (b) 1-V characteristic; (c) bending endurance at 5 mm radius of the
Ag/PVA-MoS,/Ag memory devicel®®; I-V characteristic of the AI/PVK-MoS2/ITO memory
device with (d) 2H-MoS; and (e) 1T@2H-MoS; nanosheets!®®!
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K118 AQ/Ag-CNP/Pt #5fF: (a) Z5HREEl, (b)) 1LV R (o) PREFREHERO);
Ag/Ag-doped chitosan/Pt #5£F(1): (d) S5HRERE, (&) 1.V R (F) fREFRRMER0Y

Fig. 18 (a)Schematic structures, (b)I-V characteristics and (c) retention properties of the Ag/Ag-
CNP/Pt[0r ; (d)Schematic structures, (€)l-V characteristics and (f) retention properties of the
Ag/Ag-doped chitosan/Pt memory devices!o2l
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Fig. 19 (a) Schematic structure; (b) 1-V characteristic of the Au/ ferritin/Au memory device!*%; (c)
schematic structure, (d)and(e)switching mechanism of the Ag/fibroin/Au memory device!°®!
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K120 Ag/Ag-CNP/AI fEfitids iy (a) 1-V Feths (b el AL (o) 25 i A pRReo); gk
A 22 BRI Agifibroin/Au f7fig 4 7E 800 pum 5 i 20 1) (d) g5 (e
-V REE DL (F) CREFARR P 08)

Fig. 20 (a-c) 1-V characteristic, bending performance, and bending endurance of the Ag/Ag-CNP/
Al foil memory device®®; (d-f) Schematic structure, |-V characteristic, and retention
property of the Ag/fibroin/Au memory device on fibroin substrate under bending with 800
um radius!*08!
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BArfEds (i 21(a)). Mg HAREAAEVAZME L TS T/K IR, 171 15 nm (1) Au # 2
FEH TR Mg HRO 2 22 25 3SR (R P o 1Za8 (R R I H OU 28 BH AR (]
21(b)), FFANRALEKS 2h JEBEWVAM (& 21(c)), %R R 25(d)TR. A
ATTE AR AT Y ZR R0 i) £ I JE TR0 &7 B ¥ Ag/nanocellulose/ITO 1] [ fif FH A% 47 it
& (anpE 21(e)fn 21(F)) 1ot Z ISR N L3S, FEIRIEEE 4> 5 (22 £ 2) CHI(92 4 3) %11
fHOL N AIAE 26 d NE R (il 21(g)) -

K21 T RZKEBESMHSEN (@) SHREE: (b)) 1V T (o KPR
it (d) &R, Je T 4R AV AR (o) difnE ;s () -
VR (@) 7E L35 v g T R fige o

Fig. 21 (a) Schematic structure; (b) I-V characteristic; (c) dissolution property in water and (d)
schematic diagram of the fabrication procedures for the resistive switching devices of the
fibroin-based physically transient memory device*°”); (e) schematic structure; () I-V
characteristic; and (g) biodegradability property in soil of the cellulose-based biodegradable
memory device0
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Fig. 22 (a) Bistable; (b) comparison of the ON/OFF ratio; (c) retention property [2°1 of Cu/GO/Pt
device; (d) multi-level resitive switching behaviors of the Cu/GO/Pt memory device(*!?]
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K23 AIIGO/Al 17631 () ZEHIRmEI & -V Rtk (b ZilliRetE & (o) ARy
Fig. 23 (a) Schematic structure and I-V characteristic; (b) bending performance; and (c) switching
mechanism of the AI/GO/AI memory devicel*13!
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K24 (a) GO-PANI. GO-PVK. GO-TPAPAM J GO-PTh 4K & 14 k1 fh 2 4h ey inel;
(b) GO-REMYIKZ EMEHIAF R S e AR AL | 124, 128)

Fig. 24 (a) Chemical structures of GO-PANI, GO-PVK, GO-TPAPAM and GO-PTh
nanocomposites**&l; (b) Memory behavior and switching mechanism of the GO-polymer
nanocomposites!14:118]
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FERE AR = FLBRE, MOFs A {E Ny —Fiuli ALK A7 fl s M RL K& B b 2 5 A 22
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fitige (ANl 25(a)). fERAIMEEH, JEEXI T Ag AR K, 2RI HE S KM H
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Wi B A5 BAFAE T B ERIE 1. 21812 E IR, 18 ZIF-8 WA A o0 i 21 i BE
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Fig. 25 (a) Schematic structure of the Ag/ZIF-8/Si memory device; (b) I-V characteristics of the
device in air and saturated methanol vapor; (c) Schmatic mechanism of the alcohol-
mediated HRS resistance; (d) Typical I-V curves of ZIF-8-based memory devices in air and
different saturated alcohol vapors!23!

6.2 AHL-THLAALEBERT
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