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Figure 1 Preparation of COF thin films and their application in
memristors (color online).
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Figure 2 Schematic diagram of the preparation of COF films based
on the liquid interface-assisted strategy: (a) liquid-liquid interface
method [24]; (b) gas-liquid interface method [24]; (c) Langmuir—
Blodgett method [24]; (d) single layer surfactant assisted method [25]
(color online).
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Figure 3 Typical examples of COF films prepared by liquid-liquid interface method: (a) schematic diagram of COF films prepared by liquid-liquid
interface method [26]; (b) schematic diagram of single-layer COF films prepared by laminar flow self-assembly method [32] (color online).
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Figure 4 Typical examples of COF films prepared by gas-liquid interface method: (a) photopolymerization reaction for preparing single-layer COF
films [33]; (b) glaser coupling reaction for preparing COF films [37]; (c) Schiff base reaction for preparing single-layer COF films [41] (color online).
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Figure 5 Preparation of COF films based on single layer surfactant assisted method: (a) schematic diagram of COF materials prepared by single
layer surfactant assisted method [42]; (b) the chemical structure of polyimide-based COF and corresponding transmission electron microscopy (TEM)
image [42]; (c) the chemical structure of charged polypyridine COF and corresponding TEM image [43]; (d) the chemical structure of imine-based
COF and corresponding TEM image [44]; (e) the chemical structure of borate-based COF structure and corresponding TEM image [45] (color online).

F 1AL GRS LR

Table 1 The summary of pros and cons for liquid interface assisted method

i 2 A KL 35 5%
R b SR G (KT | AL 1. T R T
AR HH2DE R 2. WA RO faft
B HUUE
" \ L BTV R AL I
R ARSI T ot s kb 2ok 2. HERTIR R AT TR
- A 2 KETB. EXH 3 SER AL
4. e, By
- S . e 1B I B AL Tk
WRRTEEAMN ORI ERIER 1 SR TSI THR I RAEATI R
SR 1R 2 W R, sk 2 O CIPRETE

3. AR S 8]

ST B A7 RO T P T2 B, TiAEhe ATy

Fy 25 PR L i BELAR A2, FF e/ e o 7 ‘

(P HOTF L . i AR R R sz ey 2 ICBLERIEREIOMI R 2%

TSI R S8, MU R BT i 320 BB

LIRS, BORZBEL 47 9K T S i 77 7 (RN ] A6 B P T R AL BT, MR
(oLt FTF R AT A R GTRE T3 BURIE (20,1 V)R B P 26 BLAS (LRSS 75 BELAS

526



FREFRE: b 2024 5 S4B a4 W

(i ®)
—\\\—e o—| l—o 4 Pt
Resistor ? Capacitor TiO,
dv = Rdi kS dq = Cdv z 2 Pt
4 4 E 7
) i =
O R 2 C) 50
5
o0 | olL-e sl |C
Inductor Memristor
dp =Ldi dp = Mdg
b -4
f V‘\ 1 1
N/ -1.0 0.0 1.0
Menristive systems Voltage (V)

B 6 (a) mismrigrll MEEATTAFEI AP, A AR
VB 88 B H 2 AT EL G R B (b) M 1A WHZ P27
TE (12 PF1- VS 56 i 26 I A B 1 25 H BT (48 B )
Figure 6 (a) Four basic components of the two-terminal circuit,
namely resistance, capacitance, inductance and memristor, and their
relationships [46]; (b) I-V curve of the memristor which is experimen-
tally demonstrated (the inset is the diagram of the device structure) [47]
(color online).

(HRS)BER [ A8 4k, B A3fe-if 18] (Lo 2612, 5@
HRS TR B I AR ALG, Ry HL B ML) S 2 4 A B )
RS TILRSHERFRL (I [F) W HAT Bk 1, XF T K%
B #er, LRSHIOR B I AR KRR EHCGsRTIF R i
FEFPPTBUE BRI . Bln, RS T2
Dleas b, RS PEIT R R b - v i st B A PR ) H
TOBOK, TR 22 E, DRI, DR B IS [t 2ol
_&[53].

322 JFEHERIIFE

TEXT S PEE N B R S, 284 FRHRSHI#: 2 LRSH)
AR BRI A B (Vpr), 3o 5 38 LE Fo B D) 45
f167 HhL BEL 25 o ) e 5 35 SR (R THAE.

3.2.3 WAk

A F IR A2 g HAE P (B2 ) HLFH A 2 1]
DRAFF AL TT < BT AT ADoK, as i A (0
Bl HA LR PRI % B R R AT - v,
ik F B AR R A, BT R AE R A SR AT
I-VF SIS G, £ 5E 13 BRI CGEH N
+0.1 V)P ER ALRE, %07 5045 i PR T
AR ZACAE TR ZE R AR X R 2 4%
P ik Pl E O RD R0 B P, SR A AN REK
K1 V)X EAFEATIT R/ R AL, IR
CENER TR g AN L L WAt R S R =W 3 U Wi R P
A A RE .

3.2.4 BRI

12 P28 B S B (W Vser. Viagsers HRS. LRS)H
A AZ {1 (variability), ALAEAE 24+ (cell-to-cell) T [F] —
PR FFEFR (cycle-to-cycle) [ T AR, - Ho 7] 52
BRI 2 JC B Cell-to-cell A] A5 4 B e T 2848 AR AR
T2, A LAE s ds e & TG — . e
WPRIE) — P45 SR PR rT A2 145 T Cycle-to-cycle A] 4%
PR T L BH D) AR, @ SR U, o] DUl IS 2l A
ZH) oA B BB TR AR LR B A e 1 28 A
BRI

325 b NE4L

RN SR 7k — ATt
ZIFAR, HZH AR AL 2 e T ke, FLil T
FRH) T2 R S 2 R R R, 5 —Fh
J7 iR STMEGE T HUR 1 77 B8 (C-AFM) K A4
7% 3T STMELC-AFMIF) St B B4R 78 24 T H A 4
ot L) 3 2t L, RS AR AR A R/ N R T SR
RO 5 M P U) e J2 2 18] A 2 e i B (1~
700 nm®)>, PR AR KA . A S RE R 2 1A
PEfh . PRI ARGHE R S R A, 50 nm’ R £
WO E TR

3.3 fZBHARH W AALE

HHA B e S L R 4R S 2L .
WS/ LMIRPLEE . AT LB, S bR JEHLEE A
KA B BN EE, 7R,

331 SHZHH

IThRe)E 3 H L2 T Al S I E R AL
R S NN RS FIERE A O, A 1 IO AR A v 1
& B A gE A Cultt, TEAMBHEIEMIERT, &M
W r] DL AL A A B Cu™, B AT RS IR
HR AL RBUAR, B HTE R T 22, 3 FHHRS YA
LRS; FhnAH s B RS, TR S e s W2, 281 [a]
FIHRS, K 7afiRPY. — ik HA S AR I T f
M, WIAIBLTIR] GETE R i I ALO, BN TIO B L Z, %%
M ETE AT NI FE AT B2 AR B RE R A &2, B N2
PEAEHRSHE I ERH. BSR4, B EE IS ER T, o]
RETE R S AL 5 F 22 i A 8 AR D)3 ZLRS. AT
BB (SEM) 5 fig & (B X S 26Ok i (EDX) B .

527



K5 FEAN AT WUHE ST 10 7 T A K SR S AR AL BEL 25 o (R BF et e

@ ion migration ' Charge trapping-detrapping g% Charge transfer
LRS (ON) HRS (OFF) HRS (OFF) LRS (ON) reset

LRS (ON) HRS (OFF) set
ofon

F¥y
1A
1"3‘“",““0" )

(dy Electrochemical redox reaction

(¢ Conformation change

current
—

[ — N HRS (OFF)

conjugated backbone ferrocene [Fe2]

voltage
current

I — R LRS (ON)

ferrocenium [Fe3*]

randomly oriented conformation

HRS (OFF) LRS (ON)

face-to-face conformation

B 7 AHUDRE B WL (a) B TIiER IR S0, (b) saril /22350 (o) iRt (d) i Eis

JE (o) My U™ (FL AR 1)

Figure 7 Common mechanisms of resistance switching based on organic materials: (a) ion migration to form conductive filaments [56]; (b) charge
trapping/de-trapping [57]; (c) charge transfer [58]; (d) electrochemical redox [59]; (e) conformation change [60] (color online).
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Figure 8 Summary of covalent organic materials for memristor applications currently reported (color online).
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Figure 9 Typical examples of the formation of conductive filaments based on ion migration using COF films as functional layer in memristor: (a) I-V
curves of the Ag/2DPgra:ppa/ITO device (the inset is the diagram of device structure); (b) TEM cross-section image of the Ag/2DPgr1ppa/ITO device
in on state [61]. Schematic diagram of control the growth of conductive filament based on COF material: (c) random growth of conductive filaments in
traditional electrochemical metallization device (left), and the schematic diagram of limiting the conductive filaments to one-dimensional channels in
2D-COF (right) [62]; (d) diagram for advantage of using SL-2DP as the functional layer in memristor; scanning tunneling microscope (STM) images of
the SL-2DPysppirpocs film before (e) and after (f) Ag™ deposition; (g) comparison of the standard deviation and average value of set voltage based on
Ag/2L-2DPpppi1pocs/ITO with reported devices based on inorganic 2D materials; (h) current mapping after /-V sweeps at four specific points and the
magnitude of the current for each point at the corresponding position [41] (color online).
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Figure 10 (a) Chemical structures of COF-TT-BT and COF-TT-TVT; (b) schematic diagram of the energy level structure of ITO/COF-TT-BT/Ag
and ITO/COF-TT-TVT/Ag devices [64]; (¢) growth of PI-NT COF materials and device preparation based on PI-NT COF; (d) I-V curves of ITO/PI-NT
COF/LiF/Al device [65]; (e) preparation process of Py-COP-3; (f) I-V curves of ITO/Py-COP-3/Ag device; (g) mechanism of ITO /Py-COP-3/Ag

device to realize multilevel storage [66] (color online).
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Figure 11 (a) Resistance switching behavior based on azulene COF 17, (b) mechanism diagram of ITO/COF-TFPA-TAPA/AI device [68];
(c) conformational change of carbazole in ITO/CMPr,pg.pax/Au device under electric field [69] (color online).
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Table 2 Summary of resistive switching performance of COF-based memory devices
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7% (nm)
ITO/2DPyrpppa/Ag  R-MRFHH 20~70 0.8~0.9 10°~10° >3.6x10°* >200 wRTHEL [61]
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AT ST \ . SRSHL  [70]
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Abstract: With the rapid development of digital communication technology in the era of big data and internet of things,

memristors play an increasingly important role in high-density data storage technology and neuromorphic computing.

Benefiting from the excellent designability and unique photoelectric properties of covalent organic framework (COF)

materials, and with the continuous development and improvement of liquid interface-assisted preparation strategies, the

application of COF materials in memristors has been greatly promoted. It is necessary to pay attention to the continuous

development from material design, preparation to device application for developing higher performance memory

devices based on COF materials. Therefore, this review summarizes the preparation strategies of COF films and their

applications in memristors. Finally, we summarize the current challenges and future development of COF-based

memristor.
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