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Research Progress on Memristors Based on Two-Dimensional
Organic Thin Film Materials

XIANG Minghan!, ZHANG Bin!?, XUAN Fuzhen?
(1. School of Chemistry and Molecular Engineering, 2. Shanghai Key Laboratory of Intelligent Sensing and Detection,
East China University of Science and Technology, Shanghai 200237, China)

Abstract: Memristors, as emerging electronic components, have attracted extensive attention due to their potential to
integrate storage and computation. Two-dimensional organic thin films (2D OTFs) possess atomic-level precise layered
structures, tunable electronic properties, and excellent mechanical flexibility. These materials enable efficient electrical
conductivity control through precise microstructural and surface chemical regulation. In recent years, memristors based on 2D
OTFs have become a research hotspot, driven by their ultrathin geometry, superior flexibility, and tunable electrical
performance. This review examines memristors based on 2D OTFs highlighting their preparation methods, resistance
switching mechanisms, and application prospects. Four major preparation methods are discussed: solvothermal synthesis,
interfacial polymerization, single-phase synthesis at room temperature, and electrochemical polymerization. Solvothermal
synthesis forms crystalline 2D OTFs through high-temperature reactions in organic solvents. Interfacial polymerization
enables controlled synthesis of 2D OTFs with adjustable thickness and dimensions. Single-phase synthesis of 2D OTFs at
room temperature addresses challenges of precise thickness control and harsh conditions. Electrochemical polymerization
produces uniform, porous films with tunable thickness and superior electrical properties. Resistance switching mechanisms in

2D OTFs memristors include ion migration, charge transfer, redox reactions, conformational changes, and multiple
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mechanisms. Ion migration involves redox reactions under an electric field, enabling reversible electron transfer and
conductivity changes. Charge transfer relies on charge redistribution in donor-acceptor systems, facilitating electron transport
and resistance switching. Redox-active units in 2D OTFs enable reversible redox processes, crucial for non-volatile memory.
Conformational changes in polymer chains create efficient charge transport pathways, enhancing device performance. The
multiple mechanisms utilize light-induced electron movement to generate changes in current or voltage, achieving
controllable variations in resistance. The review also addresses challenges and future directions, such as improving material
solubility, enhancing mechanical stability, and addressing stability issues in high-temperature and high-humidity
environments.

Key words: two-dimensional organic thin film; memristor; non-volatile storage; resistance switching mechanism;

flexible electronics
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Table 1 Preparation methods for 2D OTFs

Preparation method Reaction condition Advantage Limitation Others Reference

Crystal structure, high ~ Harsh conditions, difficult 120—200 °C, reaction time

Solvothermal method High T/p, organic solvent [28-30]
crystallinity thickness control (72 h)
Interfacial Liquid-liquid, gas-liquid, liquid- Low crystallinity, poor Interface type (liquid-liquid),
Controllable thickness/size [31-34]
polymerization solid monomer compatibility catalyst (KOH)
Room-temperature ~ Room temperature, homogeneous Mild conditions,
Long reaction time Acid exfoliation conditions [35]
single-phase method solution Controllable thickness
Electrochemical
Electrochemical High efficiency, low High requirement for Oxidation potential (+0.6 V),
oxidation/reduction, electrode [36-38]
polymerization material consumption monomer redox potential reduction potential (—0.6 V)
surface
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Fig. 1 (a) Schematic diagram of solvothermal synthesis of PI-NT COF thin films on ITO-coated glass substrate!**); (b) Conventional solvent-
thermal synthesis of D-A COF, its in-situ growth of thin films on ITO substrates”®”; (c) Schematic diagram of hydrothermal synthesis

from template at the molecule/water interface %!
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Fig. 2 (a) Schematic illustration of the slow formation process of Tp-Azo COF thin film, prepared by Tp, Azo, PTSA, and chloroform as
precursors’>>); (b) Interfacial synthesis of vinyl bridge COF films*¥
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Fig.3 (a—c) Single-phase synthesis of COF nanosheets at room temperature; (d —g) Protonated COF films obtained by spin coating;
(h) Memristor diagram based on COF[%)
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Fig. 4 Electrochemical polymerization of monomers including electron transfer system, growth of eCPF on ITO substrate, and configuration
[36]

and measurement of memristor
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Fig. 5 (a) Conventional monomers for anode electrical polymerization; (b) Schematic diagram of electrochemical oxidative polymerization of

6,6-biazulene at an anode electrode; (c) Schematic diagram of the configuration of the cathodic electrical polymerization and memristor

device of the positive Azulene monomer'®
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Table 2 Comparison of resistance switching mechanisms for 2D organic thin film memristors

Switching
Working principle Advantage Limitation Parameter Reference
mechanism
Ton migration triggers redox Low operating voltage, Susceptible to environmental Ton migration rate, redox
Ton migration [39-42]
reaction high reliability humidity potential
Donor-acceptor energy level
Charge redistribution in D-A High on/off ratio, High requirements for material
Charge transfer difference, charge transfer [43-45]
system good reversibility electronic structure
efficiency

Reversible conversion of ~ Non-volatile memory, suitable for High requirements for material Redox potential, active group

Redox [46-49]
redox-active group neuromorphic computing redox activity density
Conformational transition
Conformational ~ Molecular conformation Low threshold voltage, Highly dependent on molecular
energy barrier, molecular [50]
change transition good flexibility structure design
alignment order
Light absorption wavelength,
Multiple Controllable resistance
Multifunctionality High requirements for material photoelectric conversion [51-53]
mechanism change via photoexcited

efficiency
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Fig. 6 (a—c) Current-voltage characteristics of the device; (d) Hold-up time of the device; (e) Currents and success rate of the device measured

at different temperatures; (f) Switching curves of flexible devices before and after repeated mechanical bending*!!

Che %5042 2 1 7 —Fh Al F PTSA i T4 &M OTFs Ve 5 it S e (1K1 7), T8 32k 33 b e P 86 5 1 W e e 10
ML PR EAE T, BE T AR SRR, OF IR T TAC A i PERE o 1% 5 W AR AR SR 4 i B X [R] s, BRI T



286 Uik m o F ¥ %38 4%

- £ ] j: :;
g ; L] G :_‘ ]
t}" .
.‘- ¥ s
- COF-BTT-TAPT &'
—b o | == Sct
' - 1o 3. == Reset

e —4 -2 0 2 4
b Bias voltage/V

g Gl
s M H o3 T
'3 = ’,"'9 @':‘\ - 3
o, ’\@rn\(@l Lo
A y 23
COF-BTT-TAPT@PTSA
B 7 il AR AR A

Fig. 7 Protonation process and its performance testing!

Current/A

42]

HLA A FIORE 2, TRAL T 5 4 BR R e A S B2 AR T, [RIB RMR B2 5 T 28R 0 A, SC3L T H il fitiE
HOR R AR . IS 3 TE OTFs JEAZ B AR 11 RE LL I D-A 1 OTFs (1) o7 FH #2446 1 37 i JE 1K
22 ETHEEBIIE

FL, 7 2 A S 12 BEL#25% BHL A2 5800 AR A% Co BIL T 22—, G T 2 3 b Rk PR 80 1% P 7 I B S IR R BHL AR Ak, 7R 4b
I 18R 3 T, D-A 7R Z v & AE i faf 518430 A, L VR AR ] B2 AR, T R A -0 BCAR A, AT 348 58
T B R R] Y F T 2RO TR R R T, SR 2T B M R B A (HRS) W R B A (LRS) #6748 o it i 52 1] i S 1,
HL i BE A T 1] B 550 43, i D-A (R R W LRARAS, PR G20 A AT R A i) ml sl p 30,

Azulene H 3% HL T 19 -£ 70 sp? Bk PR AL E FL - 19 L TCAR PR A, PRI FG (14T 19 A1 30 A 336 A T e oA Ay o i 7
L A A L T IS5 BT . Zhao 55140 R FHVR- S TH 2R 5 SR, R Azulene #9211 iE COF-Azu
TR, IR HRL I B T F T g A 22 X 45 4510 . COF-Azu 3 [ B4 8 4I% A4 JTF 54 B TR (—0.50 V F1+1.95 V)
IR R R BT OGP RE . B2 T R 1A 00 70 F AT R B R0, BT il 45 1) AI/COF-Azw/ITO 2 BH#% 3%
PR LR A 5 M B BH T 56 AT o i 1 b A R 22 I 45 (CONIND 1E AT MR, 284 8 1 epoch FOTITZ5 ),
PUNHERG FIE B T 80%, Sl T HAE 2B AT 5 rp 1) W VS 77

Wil 2 KA it AR B K, 2R TR R B 2238 U1 . SR 4R A W) (F-2DP) R R LR P 45 4 HLH
TR E T A% O T R A, RO BAR AT SR R L Liu ZE0S) @ AR B R EORX RS AR T, B 4
TR AL G 2DP I ) 25 R A AT L Bk AR (1 8) o R R N A L T D-A 2544 1% 2DP, il i %
ol R AL R BRI T ZRAFEAT I o A R R T = A7 e, A A B R e AT A 19 H B
RAEX Gy, HAEMZIL BT P LI T 86% MBI, R T HAESM 5 v i 7 e g FH i 5 .
23 ETEHEENIE

TESMIMESAIE T, & A EU A ST 14 5 A ) b R A 6% 3 2o Pl b 2 i g 52 B A0 S 5 0 D 288 22 [ 7 T
Wi . X T 2D OTFs 1 7 , H AU IR AR 32 S T 45 ) v J2 5 A & AR R P TG PE R TT . A BRIR BT 1Y
PR, I 45 b e RS PR O 34, 8 e 00 2 FH AL 4 A M ML SE . SR TTT, JF & B T e M4 i
BTG AR AT AL AT LA B A N 7 . W AU S a5 | e S IR A M BT, R AR A i



%5 4 3 HHWTIEA, 45 2T —4EA PLI BB Z B G0 7 i e 287

NH,

? E R FR F
A, louccuo l l

AR X ?Q
Sela, i : !
o83 0% SO FOMOR

For S
5 « £ ONETN O Py VS eoaage T
v lu-:w 0,0 FI“ sy i
g L | 99 He,e 2 Q 0480
®© e 1 ? ¢ & ? S ‘r&frg‘ ?
®©® TPA2DPfilm © @ & TF-TPA-2DP " R OF-TPA-2DP fr&:r&:
Nﬁ N N (\ ’é film : i: W (?) flm iI'I.-I'IF
o %2 |o'eley, & OBy s Q9
Bo, ogh® © t RO O b oy SERIRTIN oL oe)
Oy RS oV o o
cckuc X Y

/ Strengthened interaction Stepwise charge transfer \
between interlayers ¥ along intralayer

Highly ordered 2DP Multilevel storage

\ Self-complementary n-electronic force /

K8 FLURH 2DP HIRASHA LB AR R4 it F-2DP R 2R G r bR 2% [0 S B 12 A T A B L S B o 8 LA i ) SR )

Fig. 8 Monomer and 2DP thin film structures and strategies to enhance interlayer stacking and intralayer charge transfer for high-density

storage in highly crystalline F-2DP thin film systems*>]

BA £ T TR 0 45 44 14 S % 45 COF i (181 9), 31X — Jr A RU# DL T COF f i i wom T4 B
FEM ), 3 3 S A S M fh A R A A Ty A B, AT DK T S IR Ak ok 2 B, IR 3L T AUTFPA-
TAPA/ITO #8F 5290 T IZBHIT e . 1525 T TFPA-TAPA T8 M AR (1 S8 1k 3 TR ARV, %0 2B 12 FH 25 e g A
PNFEH 2 2 FNCIC DI RE . A, TEPA-TAPA 3 B2 B 9138 oo 22 M ol i 14 55 )2 () ME S+ it COF e,
H AV RE MR T AR T S

VAR, S48 2D Fl 3D COF i I A A 52 7E A5 L AFfift RN A 280 25 330 0y FH U 8 A S 3 i e 1471, (B
Xt —4E (1D)COF IRZEAE A BRI, 1D COF £ HL 1% . FL A 4% B Il B3 S LR 55 07 T AT B 3R IR )
AIPESST . Zhou SEM H Y T —Fh I ] 1D COF i 54 vy 1 BH #5 1: RE 19 3 5 12 (18] 10) o & LA PRl 1D COF i
JEEELAT T0RE (0 5 4 R R R, O SR BB (IR 5 S MR AR AT O o ik fE COF-ODA i [ 5] A TiO, )22,
AI7E COF-TiO, ST Wi PN B L3 o [R) A, 38 2k 97 s L7 FL 30T, 52 90 b BEL DR 285 A T s 2 e, 280 e R o ARG T O
HL e L e DG LI LG RO S 9 S M, [R] B AR A A 40U 22 28 il A7 R, K L0 P N TR I 45 (ANN) i 47
AR, PR BIERR A T 84.8%., L WFIE B UK 1D COFs I TR B 53T, i %5 B A7 A AN S I 11 4
HET B
24 ETHKETHIE

A HUIZBH A I F G 2 AR AR FE A L T, Hoor TR 5 0] T IF 8 58 A TP 1 50 1 HES, 3k



288 U ofie w4 F ¥ M 38

25 nm 101 ()

N

w

L

—_ = —
o o o o

Current/A

Ra=1.7 nm

—
o
4

-
p .ﬁ.
) TAPA-T.P

108 E———
-3 -2 -1 0 1 2 3
Voltage/V
107 g (0 (e)
0 ooy {
10° S 80t
< na 2
= 10 = 60}
=] B
2100 2
G 10° 1o g 40r
0 | TAPA-TP tio(;“ g 201
108 TAPA-TFB k E;g S ol = High resistance state
L 1 1 L 1 1 i 20 " " o o teow resistance state
3 2 - |t AR e S ne A
3210 1 2 3 S 10° 10" 10 10° 10* 10° 10° 107 10°
Voltage/V Voltage/V Resistance/Q
102 g (D 102¢ (2 100  (h)
ON state 1 %
103 F 10° [*vee * *Tesey © 80 8
$ = 2 60 ° 2
5 104k «Onstateat0.1V = .2 2
% 10 « Off state at 0.1V § 104 ¢ > 12
3 3 .2 40 g
107 ¢ 107 £ g 2
Eaatatensto, Satubetivossonye busgs®, L (o0as st ion A 2 0 %
» . . OFF state 35
10 10 : ; 0
0 4.0x103 8.0x10° 0 50 100 Others WORM Flash
Operation time/s Switching cycle

9 (a) ITO #IE LR IIFAAEZR R S5 AFM JES; (b~d) &R - U RR I (o) DUt SRR () 0.1 VAEEHLE T
] ON 1 OFF IRZSHLTL; (g) 3 V HF Ik 2 i A Mk RE; (h) TEIUME LA B I3 o HE R G i e (19 43 A )
Fig. 9 (a) Memristor structure and AFM morphology of thin films on ITO substrates; (b—d) Current-voltage characteristics of the device;

(e) Resistance accumulation probability plot; (f) ON and OFF state currents at a constant voltage of 0.1 V; (g) Endurance of the
device at a 3 V switching pulse; (h) Reproducibility and distribution of turn-on and turn-off voltages')

@ HC 1
: 1D nanochannels
Dsyp !
+ - i
1 1
1
v 1
Gy 1 ©  Agions
: - 1
I
)—( = = MDA .=I _‘1— . :
O O mine lin age:
s —————
(d)
Initial Forming-1 Set Reset

0 Ag’

10 (a~c) 1D PRI s #2758 (d) ITO/COF-ODA/TIO,/Ag BHASF# & f 1 (T AR AR B 1 1)

Fig. 10 (a—c) Schematic diagram of the preparation process of 1D materials; (d) Schematic diagram of the switching model of ITO/COF-
ODA/TiO,/Ag resistive random-access memristor*’!



%5 4 3 HHWTIEA, 45 2T —4EA PLI BB Z B G0 7 i e 289

T PR AL T R B T, NI AT DL AR T SR TR RS W4 T A5 DA BT DL RO R S e
A it AR R, REAE A Bk E A R A BH AR FE A ERE . Song ZE00 4R T —FhiE i PR T A IRZ AR M S 5 A
T SR T 2 8 SR AR A BEL AR AT O A SRS (J1 1) o ATTBETHIF 48 T 2,5-X0 (3-(9 H-HRmE-9-5E ) P 4L JE ) X 2R
TR (TPAK) BAA, JHE o 9 A I sl 56 A 3 o 202 A ) o i 422 B X R I R AR L 85 . #2F ok, TPAK 5
TAPB 3 28 J5 RS A T eI A . TEHRIGIERTTS, mRme I T R 68 A 25 A G 5% 7% , 38 20 38 35 AN [+]
AR NGRS Fi, U (IC.C ), AT LK fff 2 A G 700 R R B, DT AE [ — 28574 v S SR I vl R 00 1R 2 2R
M =R FAEARTT R o AR, X TP R T 45 R G WA A7Aifk a0 28 IRt D10 5 9 S B0 P R RS ik, LA ] 5
A A IR PR B N B T R R
(@) (®) - 8};IFSS;?<;‘(3DRAM)

— ON state(FLASH)
= ON state(WORM)

400 420 440 460 480 500
© Wavelength/nm

& 11 (a) Ga-In/2DP/ITO #34F 1 JFHEE; (b) #HEZEAFHY ON 1 OFF JRZS T 19 UV-Vis J6ii%; () 48 H B4 284212 ML |10

Fig. 11 (a) Schematic diagram of Ga-In/2DP/ITO devices; (b) UV-Vis spectra of the device in different “ON” and “OFF” states; (c) Proposed

memory mechanism of conformational change™”’

25 ETZEHE

JGHLAZ B AR S — PP ETVE BG4, 456 T OCHL AR BN ARt . R DGR iz g = A
Uit 5 R R AR Ak, [ B 3 12 BH RN S5 3 AR LA B A 5 A T s AR Ak, AU T AR P 2 5 i g T SR, AT 5 B
AT AT .

Yang 55051 3 555 4k A RE R ACBHAS 1 E T JE MR, S s il T AR G LG R T R BUR 26 2
S35 BT 5 B W B (A A0 (SS) BR i o 38 1K COF 12 FH #8548 1 BDG A WL 00 i 1445 (OFET) B I FEL A A7
B, s FSEL T 18 mV/decade YR AELF X473V B {E 22 15 (SS ave) , Lk 1L 4t OFET Y 60 mV/decade 3% /K252
PP Ak, B AR —IZ B &R (ITIR) 44 i 48 7 1 8ot PE R, LeAZ e A MG R R4S (OPT) i i
4 NG . Zhang S5 0520 38 1 3 B 2L BT A T v 45 b MR R T K 4 424 (1) IR SRR AN A ALHE S
(BICuPc-COFs) i, I FH AL 5 (9 Fa s RG22 RE PR A 2 T SE i it ot = b 2 (181 12(a~1) ) o X 43
FEEA A 0.218 S/m Y HE 52 23RN DA AT UL Y 330 21 0 5 1 45 6 W T RE 7, R It B Sk 3R AR Sl i 2 Ml A4
FEF BICuPc-COFs 78[5 1) 25 1 BE A A5 30U A 1 28 ik 0¥ Z2 PP AT Ry, AL 46 24 Ay PR 28 M J5 FL I (EPSC) . AR RHIEAZ
(STP) B IHCAZ (LTP) %5 728 LU K 86 Bk sp A2 3 (PPF) B4 o Y I8 it 8 R0 23 o) 2 i A 7 %) 301 1 fig ) 3
— A UE I T HAE A Y2 ) R B BT 1 . Zhao SR IRGE T — M F IR - AW R E KT A
S ) S FEL B 7 A A A LR A L (COF-DaTp) o 12 8 AR AR DG 28 il 25 140 1 3% 1 U2, HOLG TG 1k B 1A
TE 365 nm A1 254 nm 55AMGT & A T G5 Ry i AR T P e e fL . 36T AI/COF-DaTp/ITO 4544 1) 25 1F
Ji& 3 U S L R TR AR, ZE DK R SE R 32 AN R A L S A, I L R A R ik onp R R B Dy s AR
FAZIAAT Ry o AT A N T AR 2 8L, %A i) S 30 T % e 75 -5 807 i A e SR, I — 20



290 Ty e 4 F o %38 4%

[

FH T4 pA B 00 i ROERR U (181 12(g, h) ) o 2D OTFs Ay 8 P | im0 . MUBCEE B0 1 Fnfb 2 A e
P, E— AR T TG HAZBE AR RO PERE R AT R o X SERE IR A 2 A0 | GRS R BB A5 (4
NBGARG] T3] ) A 0T B )2 (4 9 B4

(a) 100 [ NiPc-NH Pck (b) (C)
iPc CoPcFs # — BICuPc- S-
o 1r BICuPe-CQFs-1 500 - BICuPc-COFs-1
= 0.01 f PO ecis 400 + —— BICuPc-COFs-3
5) 10 | TTE-COF (O/l":))(l'f\'«j,(z,l; BICuPc-COFs-2 300 -
= . ‘nPc-pz® *
ESP T N S 200
= $ 100 |
2 10° . A
5 POR-COF » g 0+
g 10710 TANG-COF ~100 L
C10 spe-COF 200 +
10 14 L L LA L L 4 L L L L L L L 4
2014 2016 2018 2020 2022 2024 0 5 10 15 20 25 30 35 40
Year t/s
@ © 500 - ®
1000 - 550 nm ¥,=0.9289, 4,=29.325 56 800 .~ 0.16 mW/em®
~ 660 nm 180} | 1 =4383807,4,=29.32556 —— mgjcmj
_ .00 mW/cm?
160 1 £=39132 600 2.50 mW/em? |
< ° < 2
a2 é S, 5.50 mW/cm'
O E 40k o 400 15.5 mW/em?
%] e 7]
&, &~ &
< 120 | <
100 |
10 11 12 13 14 15 16 17 18 0 5 10 15 20 25 30
t/s
(€3] _
Optoelectronic
Optical synaptic device
pulse
Electric
pulse
Computing
1.0 - T T T T T T T
() G e i
— () 5
0
(i) 10% Noise ~ 20% Noise 100.0
4. - : -
i ¥ JUL . S o0l L
: L 1 E B 2 100.0% Wih 10% noie
30% Noi 40% Noi: 50% < With 20% noise
WG R O — - 5 200 N
_' é . With 50% noise
Perception @ ti
omputing 70.0 )

& 12

SRR IUR B (h, 1)t L S e B AT PR 2 b B /s 2 )
Fig. 12 (a—f) Photoelectric properties of BICuPc-COFs films(APSC denotes the change in post-synaptic current, while PPF represents paired-
pulse facilitation)®?; (g) Schematic diagram of the integration of sensing and computing of photoelectric synaptic devicest®*; (h, i)

Schematic diagram of image denoising by a photoelectric synaptic device

[53]

0 100

200

Epoch number

(a~f)BICuPc-COFs Wi A G HLU R (APSC 7R 28 fil f HIL AL A8 Al &k, PPF 7 ORIk i 53 1) B2 () S L 5 fih s A4



$al HHWTIEA, 45 2T —4EA PLI BB Z B G0 7 i e 291

3 REE5RE

FANTEZESE T 2D OTFs BYG M7 ik MOHARACFRAR AR A TE st e o B T e AT RO AZ B 2558
LT A 25 | IR DR S LB Y o~ PR RE, D J BE 2R I A HL 45 P ) S0 TR 1 7 07 1) o 38 e 51 44
RS AL A S AR EOR, 9B T S 2D OTFs (9 Al il 4, I 7E R IT IS i (R 0.5 V)
PR ORT 10%) | 29476 CORT 4 90 A5 fik n] BEPERLI AR T7 UG 1 0 dEfg . RO X SE 5
TR AR BEE 1 ey, R g b AT 1 i 1 22 PR A, Anbd R et R A e A0 S Tl A e PR A A2
il 4 T EAFAE A o . S22, SR PR RE DAL D7 ThT T A4 5 — BOME R4 TH45 R, TF R 1 2R R

N T LB A PERERIAZ B AR, AT LU LR JLASJ7 I #EA7 (k. (1)2D OTFs & B 0L 5 i g ik, LA
B ORI A9 2 ST PR AN 00 i B 3l 5 A SRR BB K T RE AL, T DI A A A UL 50 o 9 A R E, A
1114 JE N TSR o (2)2D OTFs i 2EHA R AR (9 PR A TR Ao, il aod 735 TR ol Ak — 25 2 THH AL
e, O Al 20 R B A RS R B SR AR I BT R . ) A AR R Rl . iR AR 4 B R AR E
P PR R 1 A R . T D BE AR B e R S ARE AR I S, TR B e A R B PR T L LA AR E M R
e 52 1%

B2, BT 2D OTFs MZ AP RHE R 708 | #1208 5715 SO R AL AT AT T i Mt i, %61 K
LERG Z2 R HLURE T ], DRI A A2 B A 508 4 0 i S5 A Rl o AR AR N, bR B S B S5 %
POl AR R, DI SRR B K JETEA A8l 1. 2D OTFs AZ A% BUFF 2L A0 AN UHES) 1 HL T8 1F Y
B, O N TR BERN | Ol A g e ml 2 SR 4 S5 TV 0T SR S P A AR A

5% UHk:

[1] LIUN L. Research overview of big data[C]//Proceedings of the International Conference on Advances in Mechanical Engineering
and Industrial Informatics (AMEII). Zhengzhou, China: Atlantis Press, 2015: 945-950

[2] NIUJ Z, FANG Z L, LIU G J, ZHAO Z, YAN X B. Multilevel state ferroelectric La: HfO,-based memristors and their
implementations in associative learning circuit and face recognition [J]. Science China: Materials, 2023, 66(3): 1148-1156.

[3] KUNDU S, GANGANAIK P B, LOUIS J, CHALAMALASETTY H, RAO B. Memristors enabled computing correlation parameter
in-memory system: A potential alternative to von neumann architecture [J]. IEEE Transactions on Very Large Scale Integration
(VLSI) Systems, 2022, 30(6): 755-768.

[4] JOGLEKAR Y N, WOLF S J. The elusive memristor: Properties of basic electrical circuits [J]. European Journal of Physics, 2009,
30(4): 661-675.

[5] WANGL, YANG C H, WEN J, GAI S, PENG Y X. Overview of emerging memristor families from resistive memristor to spintronic
memristor [J]. Journal of Materials Science: Materials in Electronics, 2015, 26(7): 4618-4628.

[6] YENER S C, UYGUR A, KUNTMAN H H. An ultra low-voltage ultra low-power memristor [C]//Proceedings of the 9th
International Conference on Electrical and Electronics Engineering (ELECO). Bursa, Turkey: IEEE, 2015: 174-178.

[7] CHEN X P, ZHAO X, HUANG X Z, TANG X Z, SUN Z Q, NI D L, HU H L, YUE J L. Flexible multilevel nonvolatile
biocompatible memristor with high durability [J]. Journal of Nanobiotechnology, 2023, 21(1): 375.

[8] GUO T, PAN K Q, JIAO Y X, SUN B, DU C, MILLS J P, CHEN Z L, ZHAO X Y, WEI L, ZHOU Y N, WU Y A. Versatile
memristor for memory and neuromorphic computing [J]. Nanoscale Horizons, 2022, 7(3): 299-310.

[9] NAOUS R, ZIDAN M A, SULTAN A, SALAMA K N. Statistical analysis for memristor crossbar memories [J]. International
Journal of Unconventional Computing, 2016, 12(4): 251-264.

[10] CHEN W B, SONG L K, WANG S B, ZHANG Z Y, WANG G Y, HU G H, GAO S. Essential characteristics of memristors for
neuromorphic computing [J]. Advanced Electronic Materials, 2023, 9(2): 2200833.

[11] KIM S, DU C, SHERIDAN P, MA W, CHOI S, LU W D. Experimental demonstration of a second-order memristor and its ability to
biorealistically implement synaptic plasticity [J]. Nano Letters, 2015, 15(3): 2203-2211.

[12] WANGP X, CHEN X, PAN X X, JIANG B W, LI X Q, PAN Y Q, PAN J, TAO L, DUAN J X, ZHANG J, WANG H. A mini review
of recent progress on halide perovskite memristor devices: Materials science, challenges and applications [J]. Materials Today Energy,
2024, 45:101692.

[13] XUZ,LIYX,XIAY,SHICY,CHEN SJ, MA CL, ZHANG C, LI Y. Organic frameworks memristor: An emerging candidate for
data storage, artificial synapse, and neuromorphic device [J]. Advanced Functional Materials, 2024, 34(16): 2312658.

[14] HAOHT,WANGM X, CAOY L, HEJ T, YANG Y Z, ZHAO C, YAN L P. Boron-doped engineering for carbon quantum dots-


https://doi.org/10.1007/s40843-022-2237-2
https://doi.org/10.1109/TVLSI.2022.3161847
https://doi.org/10.1109/TVLSI.2022.3161847
https://doi.org/10.1088/0143-0807/30/4/001
https://doi.org/10.1186/s12951-023-02117-5
https://doi.org/10.1039/D1NH00481F
https://doi.org/10.1021/acs.nanolett.5b00697
https://doi.org/10.1016/j.mtener.2024.101692
https://doi.org/10.1002/adfm.202312658

292

Y/ T s A %538 %

[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

23]

[24]

[25]

[26]

271

28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

(36]

(371

[38]

[39]

[40]

based memristors with controllable memristance stability [J]. Small Methods, 2024, 8(9): 2301454,

YU H L, ZHOU P K, CHEN X. Intramolecular hydrogen bonding interactions induced enhancement in resistive switching memory
performance for covalent organic framework-based memristors [J]. Advanced Functional Materials, 2023, 33(44): 2308336.

LIAO K H, LEI P X, TUM L, LUO S W, JIANG T, JIE W J, HAO J H. Memristor based on inorganic and organic two-dimensional
materials: Mechanisms, performance, and synaptic applications [J]. ACS Applied Materials & Interfaces, 2021, 13(28): 32606-
32623.

TRAN Q N, LEE H J, TRAN N. Covalent organic frameworks: From structures to applications [J]. Polymers, 2023, 15(5): 1279.
XUJM, LUO Z W, CHEN L, ZHOU X H, ZHANG H Z, ZHENG Y J, WEI L. Recent advances in flexible memristors for advanced
computing and sensing [J]. Materials Horizons, 2024, 11(17): 4015-4036.

LIU Y. Architecture for Memristor-Based Storage Structures [M]. Durham, NC: Duke University, 2011.

QINSW, TAOY,HU T, ZHANG S J, FENG CY,LVL,MA GK, RAO Y H, SHEN L P, WAN H Z, WANG H. Advances in two-
dimensional heterojunction for sophisticated memristors [J]. Materials Today Physics, 2024, 41: 101336.

KORNILOV D Y, GUBIN S P. Graphene oxide: Structure, properties, synthesis, and reduction (a review) [J]. Russian Journal of
Inorganic Chemistry, 2020, 65(13): 1965-1976.

FANG Y T, ZHAI S B, CHU L, ZHONG J S. Advances in halide perovskite memristor from lead-based to lead-free materials [J].
ACS Applied Materials & Interfaces, 2021, 13(15): 17141-17157.

MATSUKATOVA A N, EMELYANOV A, KULAGIN V A, VDOVICHENKO A Y, MINNEKHANOV A A, DEMIN V A.
Nanocomposite parylene-C memristors with embedded Ag nanoparticles for biomedical data processing [J]. Organic Electronics,
2022, 102: 106455.

JINY H, LIM H, YANG Y W. Covalent organic frameworks for membrane separation [J]. Advanced Science, 2024, 25: 2412600.
YU G, WANG C. Research progress of covalent organic frameworks in sensing [J]. Chinese Journal of Organic Chemistry, 2020,
40(6): 1437-1447.

LIUM Y, GUO L P, JIN S B, TAN B E. Covalent triazine frameworks: Synthesis and applications [J]. Journal of Materials
Chemistry A, 2019, 7(10): 5153-5172.

DALIRAN S, OVEISI A R, DHAKSHINAMOORTHY A, GARCIA H. Probing defects in covalent organic frameworks [J]. ACS
Applied Materials & Interfaces, 2024, 16(38): 50096-50114.

SUNB,LI XL, FENG T T, CAI S L, CHEN T, ZHU C H, ZHANG J, WANG D, LIU Y. Resistive switching memory performance
of two-dimensional polyimide covalent organic framework films [J]. ACS Applied Materials & Interfaces, 2020, 12(46): 51837-
51845.

LICY, LID, ZHANG W F, LI H, YU G. Towards high-performance resistive switching behavior through embedding a D-A system
into 2D imine-linked covalent organic frameworks [J]. Angewandte Chemie: International Edition, 2021, 60(52): 27135-27143.
WANG H, WU D, CHEN K, GU N, CHEN Y, ZHANG B. Self-template hydrothermal synthesis of vinylene-linked covalent organic
framework nanosheets confined at the molecule/water interface for an organic memristor [J]. ACS Materials Letters, 2024, 6(8):
3376-3383.

CAI Y H, YUY, WUIJF,QUJF, HU J D, TIAN D, LI J Z. Recent advances of pure/independent covalent organic framework
membrane materials: Preparation, properties and separation applications [J]. Nanoscale, 2024, 16(3): 961-977.

DEY K, MOHATA S, BANERJEE R. Covalent organic frameworks and supramolecular nano-synthesis [J]. ACS Nano, 2021, 15(8):
12723-12740.

HOTA M K, CHANDRA S, LEI Y J, XU X M, HEDHILI M N, EMWAS A H, SHEKHAH O, EDDAOUDI M, ALSHAREEF H N.
Electrochemical thin-film transistors using covalent organic framework channel [J]. Advanced Functional Materials, 2022, 32(23):
2201120.

WU D, CHE Q, HE H, EL-KHOULY M E, HUANG S, ZHUANG X, ZHANG B, CHEN Y. Room-temperature interfacial synthesis
of vinylene-bridged two-dimensional covalent organic framework thin film for nonvolatile memory [J]. ACS Materials Letters, 2023,
5(3): 874-883.

ZHANG Q, CHE Q, WU D, ZHAO Y, CHEN Y, XUAN F, ZHANG B. Dual redox-active covalent organic framework-based
memristors for highly-efficient neuromorphic computing [J]. Angew Chem Int Ed Engl, 2024, 64(36): €202413311.

TAO Y, LIU H, KONG H Y, WANG T X, SUN H, LI Y J, DING X, SUN L, HAN B H. Electrochemical preparation of porous
organic polymer films for high-performance memristors [J]. Angew Chem Int Ed Engl, 2022, 61(38): €202205796.

TAO Y, LIU H, KONG H Y, BIAN X Y, YAO B W, LI Y J, GU C, DING X, SUN L, HAN B H. Resistive memristors using robust
electropolymerized porous organic polymer films as switchable materials [J]. J] Am Chem Soc, 2024, 146(24): 16511-16520.
ZHANG Q, WU D, FU Y, LI J, CHEN Y, ZHANG B. Molecular-potential and redox coregulated cathodic electrosynthesis toward
ionic azulene-based thin films for organic memristors [J]. ACS Applied Materials & Interfaces, 2024, 16(17): 22217-22228.

LIU J, YANG F, CAO L, LI B, YUAN K, LEI S, HU W. A robust nonvolatile resistive memory device based on a freestanding
ultrathin 2D imine polymer film [J]. Advanced Materials, 2019, 31(28): 1902264.

LIUL, GENG B, I W, WU L, LEL S, HU W. A highly crystalline single layer 2D polymer for low variability and excellent scalability


https://doi.org/10.1002/smtd.202301454
https://doi.org/10.1002/adfm.202308336
https://doi.org/10.3390/polym15051279
https://doi.org/10.1039/D4MH00291A
https://doi.org/10.1016/j.mtphys.2024.101336
https://doi.org/10.1134/S0036023620130021
https://doi.org/10.1134/S0036023620130021
https://doi.org/10.1016/j.orgel.2022.106455
https://doi.org/10.6023/cjoc202003018
https://doi.org/10.1039/C8TA12442F
https://doi.org/10.1039/C8TA12442F

$al

HHWTIEA, 45 2T —4EA PLI BB Z B G0 7 i e 293

[41]

[42]

[43]

[44]

[45]

[46]

(471

(48]

[49]

[50]

[51]

[52]

[53]

[54]

molecular memristors [J]. Adv Mater, 2023, 35: 2208377.

SONG Y, FENG G, SUN C, LIANG Q, WU L, YU X, LEI S, HU W. Ternary conductance switching realized by a Pillar[5] arene-
functionalized two-dimensional imine polymer film [J]. Chemistry: A European Journal, 2021, 27(54): 13605.

CHE Q, LI C, CHEN Z, YANG S, ZHANG W, YU G. High performance memristors based on imine-linked covalent organic
frameworks obtained using a protonation modification strategy [J]. Angewandte Chemie, 2024, 63(48): €202409926.

R, T, X, XN, G2 AR AR S Y oy T AT I X BHAR Y e (1], ThRRR 4 TR, 2023,
36(1): 42-50.

YUAN L, HE Z L, LIU S Z, LIU G. Effect of molecular coplanarity on resistive switching homogeneity of D-A type two-dimensional
conjugated polymers [J]. Journal of Functional Polymers, 2023, 36(1): 42-50.

ZHAO Z, EL-KHOULY M E, CHE Q, SUN F, ZHANG B, HE H, CHEN Y. Redox-active azulene-based 2D conjugated covalent
organic framework for organic memristors [J]. Angewandte Chemie International Edition, 2023, 62(7): €202217249.

LIU L, JI W, HE W, CHENG Y, HAO R, HAO P, DONG H, DING X, LEI S, HAN B, HU W. Rational design of fluorinated 2D
polymer film based on donor-accepter architecture toward multilevel memory device for neuromorphic computing [J]. Advanced
Materials, 2024, 36(36): 2405328.

WU D, ZHANG Q, WANG X, ZHANG B. Interface-confined synthesis of a nonplanar redox-active covalent organic framework film
for synaptic memristors [J]. Nanoscale, 2023, 15(6): 2726-2733.

WANGH, ZENG ZT,XUP,LIL S, ZENG G M, XIAO R, TANG Z Y, HUANG D L, TANG L, LAI C, IANG DN, LIU Y, YI H,
QINL, YE SJ, REN X Y, TANG W W. Recent progress in covalent organic framework thin films: Fabrications, applications and
perspectives [J]. Chemical Society Reviews, 2019, 48(2): 488-516.

POLCZYK T, NAGAI A. Covalent organic framework-based electrolytes for lithium solid-state batteries-recent progress [J].
Batteries: Basel, 2023, 9(9): 469.

ZHOUPK,LIY,ZENG T, CHEEM Y, HUANG Y, YU Z, YU H, YU H, HUANG W, CHEN X. One-dimensional covalent organic
framework-based multilevel memristors for neuromorphic computing [J]. Angewandte Chemie International Edition, 2024, 63(20):
€202402911.

SONG Y, FENG G, WU L, ZHANG E, SUN C, FA D, LIANG Q, LEI S, YU X, HU W. A two-dimensional polymer memristor based
on conformational changes with tunable resistive switching behaviours [J]. Journal of Materials Chemistry C, 2022, 10(7): 2631-
2638.

YANG S Y, YUAN J Y, WANG Z F, WU X S, SHEN X F, ZHANG Y, MA C L, WANG J M, LEI S B, LI R J, HU W P.
Overcoming the unfavorable effects of “boltzmann tyranny:” ultra-low subthreshold swing in organic phototransistors via one-
transistor-one-memristor architecture [J]. Advanced Materials, 2024, 36(23): 2309337.

ZHANG Q S, ZHU Z H, LIU L P, HUANG H J, CHEN X J, BIAN Y S, SHAO M C, WEI X F, WANG C Y, WANG D, DONGJ C,
GUO Y L, ZHU Y F, LIU Y Q. The transfer dehydrogenation method enables a family of high crystalline benzimidazole-linked Cu
(IT)-phthalocyanine-based covalent organic frameworks films [J]. Angewandte Chemie International Edition, 2024, 63(19):
€202319027.

ZHAO L, GAO Y, FU X, CHEN Y, ZHANG B, XUAN F Z. Photodual-responsive anthracene-based 2D covalent organic framework
for optoelectronic synaptic devices [J]. Small Methods, 2024, 9(4): 2401341.

RUIG, XIds, R, ek, ek, Tom. TR IS 2 EA-RZ EHERE N T XURBAZBLas T (1], Shakm o 12441,
2022,35(4): 339-348.

GONGM L, LIUM Y, WANG X Y, YANG J B, CHEN Y, ZHANG B. Mussel-inspired azo-polydopamine coating for photoelectric
dual response memristive device [J]. Journal of Functional Polymers, 2022, 35(4): 339-348.

wAEGE . 2E &)


https://doi.org/10.1002/adma.202309337
https://doi.org/10.1002/anie.202319027

	1 用于忆阻器的2D OTFs的制备
	1.1 溶剂热法
	1.2 界面聚合法
	1.3 室温单相法
	1.4 电化学聚合法

	2 基于2D OTFs的忆阻器
	2.1 基于离子迁移机理
	2.2 基于电荷转移机理
	2.3 基于氧化还原机理
	2.4 基于构象转变机理
	2.5 基于多重机理

	3 总结与展望
	参考文献

