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Resistive switching behavior of memristors based on WS,
nanosheets and polyvinylcarbazole nanocomposites

ZOU Pengfei', CAO Qing'., YANG Fang', XIONG Limiao', YUAN Xudong®

(1. School of Mechanical Engineering, Hefei University of Technology, Hefei 230009, China; 2. State Key Laboratory of Compressor
Technology, Hefei General Machinery Research Institute, Hefei 230031, China)

Abstract ; In this paper, Ag/WS,-PVK/Cu memristors based on monolayer WS, nanosheets and polyvi-
nylcarbazole(PVK) nanomaterials were reported, and the influence of PVK mass fraction on I-V char-
acteristics of memristors was studied. The results indicate that the Ag/WS,-PVK/Cu memristors
show write-once read-many-times(WORM) memory behavior. With the increase of PVK mass frac-
tion, Vet increases gradually, and the switch ratio decreases after a slight increase. The -V double
logarithmic curve confirms that the switching mechanism of the device is a trap-controlled space charge
limited current(TCSCLC) mechanism, which is explained by the energy band diagram. The research
results provide a theoretical basis for the design and optimization of the switching performance of tran-
sition metal dichalcogenides(TMDs) memristors.
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ymer nanocomposites

PCRRAEAE R —Fh B EW AN R A0AE BRI EBORTABUZ R Ak, %
Dy RAEBENLAF DA it BA S B B [E B X AR . iR R
UIFEARAE A ICPLAR I LA PERE RN AL HoA IR 9 v 7 45 4 L HUBRORI 4 B B L A 2 )

W#s B EA:2023-03-29; & E HHA : 2023-05-25

ELTH: HEARPAES TR AL S H (62101172) ; A A RRRE I & FERF L4 BT H (2008085QE224) 5 H
F R SEABHIR L 55 9% T 009 4 9 B H (JZ2022HGTB024 1) 1 4 BIL 4% A [ 5 T 4 50 36 28 TF Al 4 ¢ Bh it H (SKIL-
YSJ202003)

EHZ B AR« A997—), B IIFHE LN, A IE Tk K2Em 44
#1990, 2 g R IE A T A IR L KRB0 A 30 L 38 5 /E & E-mail: caoqing@hfut. edu. cn.



F1280 SmETELF AT WS, SRR Ao R Tk oy R T A A 1T 25 09 PR AT A 1631

PE W EE LRI AS B W T RV )
T MR A 5 R B A AT LA /N
#) 10 nm PUF RS 36T Z4E bk nad 3%
4 J& B Ak ¥ (transition metal dichalcogenides,
TMDs) ™ Fif7 88 M S H A A9 1 B2« B T
HRWEVE GEWIE. 5 T FR A, 2 T —4R
FERG AR BT g i 2 A

#£ TMDs ft WS, JZIZFH %5 D) B J2 1% 1E 41
Bz — P HERR TR Rt
Gy F il AR BTz e SCAERC 10 T3
#1 Ag/WO, /WS, /Ag ¢ %%, HLHBA 0.1 ~
0.2 V[ RBAKTT ¢ Ha e AR R B4 T o e LY BBl
(10°~10° Q) ; SCHRL 11 J7E WS, TR B9 5 iR
HEE (PMMAD 1 S il B it 7l R 2N
10 mmfj Al/WS, NSs: PMMA/ITO % ¥y 5214,
TE 0.5 V FIF KA 107 % A BLA 1F 7 il R
B2 H 10,20 mm By PR t R B0 R P46
FEPERR I AU ORI s STk 12 35 F WS, 12
FHARH T — i i 58 T - 67 [ F - R BR 1Y)
FHAS AL .

HETREWIIAKEL S RIS BT 90k
WAk 8 A A L AT A7 o S AR 5 |
I Tz e e, SeEk[15 14 aE iy Al/PT-
GO/ITO g+ BA YL B LI (3. 41X10%) , If
W VA PR A A A8 05 1) v r g il 2R B 0 5 Sk
(1614 75T WS, 442k i il PMMA 44k &
SRR AL/WS, : PMMA/ITO 1ZBH%% . iZasit
AR AR AR TF 6, 2 WS, i 4340k 13%
BHER AR I A, HoA 0. 8 VW JF )3 ol A 10
ML, AR RE WA E G 3 5 e
J2 P E A A Ao R, DT X 2 P e A EE
B, B2 (PVK) A B o 80K 64
P FARG AR SR ST, 2 7GR R
ik 1077 em?® /(V « o), 7EA P BUE L
DGR L 4 1A )2 B YT, PVK
— PP R L AR RN S UL A R AR RS
JMEAF it 3 ST A T i F e, RS F
PVK Fl WS, 4K & A b BHC B i 58 850
P, A S B I3 T WS,-PVK 90K E A 8
TCBH A TT R DL By PVK 4 S LB,

AR S 3 7R A HIOE AR AR AN W] PVK BT 43
B RZE WS, 90k 5 PVKIRG 0 B0 2R )5
BHA FHl & Ag/WS,-PVK/Cu 1ZFH %% . #R1F
R EARITEEE (Ver<< 1.3 V) TR
FCRTF 10°) L RAFT A (CKF 100 AEFS , H.

BARERN — RS AZ R (write-once read-
many-times, WORM) BHAZ R i WF 58 8 WS,
GUKAEME A DI BE A ARG A7t v 1 1o ]
BEE T AL

1 £ W

A R4 T R PV B Aot S AL TR
FRYERE H (SD 90 min, ff F £ 85 F /K UE%, N, AT
Mo THRE ORI EA R RETEE Ve kR b
RPN (Cw s DLAIEIG HU B S8 5 15 FH 22 A SR AR
THVEHLT Cu/Si BT 62440 B 20 min,

Fie— 8 LLBIREECR)Z WS, ok (et de g
TR A BR S 7D A PVK By oK CEH4r 7 &
100 000, [ 24 £ A 1k 27 38 71 A BR 2 7D A &
0. 5 mLAUH 0 IR 43 10 min., 43T
Fit WA 2 mg/mL 1) WS,-PVK F2E 43 B -
TRA W W PVK & 43 500 51 ok 426.10%
20%6.50%6.80% , L HEMRIETE Cu/Si FEJE Ll
#% WS,-PVK 44k & 5 L % WS,-PVK &
W LA 3 000 r/min 7E Cu/Si #JiE e 40 s,
eV J5 . Kr W CE AR 100 Cm# G TR
30 min, LLEFRERARE AN K5l B 7%
RHE s AE WS,-PVK T 5% 32 1 1 45 B2
600 pm . JE & A 100 nm B4R (Ag) TiHL ) , 15 2
Ag/WS,-PVK/Cu £, X FHFl PVK i it 5y
Bl A RS BEFES LA 9 AR IR AR
ik EWE 1 FR.

1 Ag/WS;-PVK/Cu {ZBR2E 44

i id Keithley 4200 SCS 2 T (Al i £ Gl
i Ag/WS,-PVK/Cu #4819 # - [ (V) %
Mo 8 Cu BB % ML IR 0 B HL it i 1)
Ag THHREAR - #1425 1 0. 01 VL IR, FEL I
0.1 mA, AR e F R R A i 2. g 7
BT B AR A Ag/WS,-PVK/Cu A2 BH %+ 19 7 L
P A ARERLBIRTA 9 A TR L AR A T3 R



1632

AT K

FIRCARAF R %47 %

AR PVK /80 36 41 FV 5 I 0
HUE Ve FIOTSE LESRAFP(E ARG SE IR IS o

2 & R

2.1 WS,-PVK E&EIRRAE
WS,-PVK I 1) 37 A 3% 45 8 0 2 3
(field emission scanning electron microscope,

FESEM) & K} 5 # JC & 1 H, F fE i (energy

Regult

(a

I pm

(d) Sic#E

(b) CIt#

(e) Wit#

dispersive spectroscopy, EDS) JG & /347 RN & 2
Jiion. HE 2a Al 78 PVK Bt 4808 1090 1)
WS,-PVK i, WS, 94Kk i #4451 #biix £ PVK
Hr. WS,-PVK R EDS JpA5 185 B RIS AR
LR Cu ZAF A CONLS.W 4 Ff (& 2b ~
2D, Hrp:CUNJTHERKH PVK; S\W Tk
B WS, 91Kk fr. & WS,-PVK # I 15) H lie
WAE Cu/Si R b il it FEBCA s g

Jm

B 2 WS,-PVK #IR FESEM B /& 5 Mt &RE EDS 5 E

2.2 Ag/WS,-PVK/Cu |Z PE 2= 1Y BB S M B it
Ag/WS,-PVK/Cu fC A5 09 [V $5: h &
w3 s, BEHHIF N 0 V>1.5 V—

0V—>—1.5V, KEH PVK i) Ag/WS,/Cu L
RHAS 2 B0 AR 5 e AU B4 70 . FF )R (SET) Hy,
E#0. 39 V, % (RESET)H JER 0. 29 V,

1077 3 2
3.2
1073 “* 47 107 % 10»47
RESET, &/ 4 SET 10° 4y S
£ P Iy 107+
1074} 4 VA 107 6 b o
< s < 107 g1 <07
S g S ot ( =07t g1
17 ’ 10% o Fi S
107 2151009 AFHE1007K ©
106 . . , . . ) . . . , . . . 107F , . , . . .
215 .10 05 0 05 1.0 15 15 -1.005 0 05 1.0 15 4510050 05 1.0 15
A% VIV VIV
(@ 0 (b) 4% (©) 10%
10°F 10°f
10* : : *
10
-5
10° 10°L
10} P
< 107} < 107>
= 0% S10f
-8
107} o F14H 1K 10 1oy A 1071 o 4 e
& Py . £ o ¥ 1 &
1070 2 FHfii00%k ¢ 107 & FHi 100K 5 10"°»Aﬂ$1({f(\)w< g
ST . . . . . . 10[ . . , . ) . SHE . . . . .
10 15 10-05 V% 0510 15 0557005 0 0510 15 10 157005 0 05 1.0 15
VIV VIV
(d) 20% e 50% (f) 80%

3 A[E PVK FTESHE Ag/WS,-PVK/Cu iy FV FiE 2k



F1280 SmETELF AT WS, SRR Ao R Tk oy R T A A 1T 25 09 PR AT A 1633

H5ARE A PVK 88 1. PVK &4 i g7 14
57 dy WORM BUAT Jy 47 J T WS, AZFH 4% 19 FHL
AR R, PVK B & 73 B 450, 102, 2004,
50%6 .80 %6 F#HF 1 WORM BHAS R , A 522 8
W2 B ia A FE (& 3b~[&] 3D . JFaamf . ge 4
FEI K = BEZS Chigh resistance state, HRS) , B
eIt O ) T ] A1l F s 3 DR TS R (BB D)
21 it 1041 4 P R e T L s I (P VK J5 04K
N 4% .10%.20%.50%6 . 806 i 7 14 IF i3 HL 43
B2 0.50,0. 73.1. 05, 1. 11, 1. 25 V) 244 Ik HRS
A KA B2 (low resistance state, LRS), H LRS
AR AT ATERS 5 W5 44 P AR B (BB 2). 7B
KR B (BB 3 B Bt 4) & IR FFTE LRS
AR AR 3 HRS ARAS R WIS F7E S 1) B Hs
ER R, #8FRE K A RFFFF RS, R T
WORM i 4247 H

Ag/WS,/Cu 28141 PVK Jit 5850 505 51 h
4%.10%.20%.50% .80 1 Ag/WS,-PVK/Cu
B TAEH R Ver FUTF G O B 3908 B iR 25 5%
e 4 Fs.

1.4+ = Vser -10
- FFKL
1.2F
» \}/{——’ ><
sy
4 P
Eo 8 } 10 i
g
0.6
-
0.4+
02l . . . . . 110°
0 4 10 20 50 80
W(PVK)/%

B 4 Ag/WS,-PVK/Cu FFBRIE VserFIFF KL

B PVK 5t 3 ZR B I Ve T35 0
FE LM A B 5 T . PVK &40 808 4%
if, Ag/WS,-PVK/Cu s 4 7 LA AR 15 5 41 1Y 74
fig. XAMHE T PVP 5t /3 500 Ak 7 |k i B B
a2 Al AR SCER [ 21 I3 s i 18 1E = 357 20 A 1Y
23 [a) B, faf PR il B 3 A A (space charge limited
current, SCLC) , PVK [t 1& 43 808, /D = W H IR [G
DRI 22, 330 HRS H, 3 A (B HL F98/) T
LRS HLRHANA , R2EFMK/NFRY, PIrf 45
PRI TF G L AR X B Hp, T 7E PVK BT 6 3 50k
2096 .50 Yo i} I i H AR X2 . 25 A X% PVK
BB R 4% B, Ag/WS,-PVK/Cu #4441 LA

PAFHEAL A PERE. H Ag/WS,-PVK/Cu #3141
VeerlRZ 0.4 VPR HE 2 5. 1X10" L FREB
Gy SCHR T 3B 1 25 KR B AKE A OB
WORM 1ZBH %5 (1 BHLAE #¢1 . Ag/WS,-PVK/Cu
TR T B A AR E A MR WORM
RUAZRH AR A BHAS R I3 1 B3]

R1 ETRAMMARESHEE WORM (ZFEERH EET 1%

e
LR U R/ R B

HE/V 100 [E/Q0% s SR
WS;-PVK (4%) 0. 50 1. 90 1 A
WS;-PVP (4%) 0.43 2. 90 1 cHk[22]
MoS;-PVP (80%) 1. 24 0.02 100 k(23]
GO-PVP (20%) 1.55 0.50 10 SCHk[24 ]
BCP-GO (93%) 6.70  100. 00 SCHRL25]
GO-PI (97%) 2.56 1 SCHRL15]

2.3 SBEHHSH

PVK [t 43 805050k 4%6.10%.20%6.50%
80201 Ag/WS,-PVK/Cu 5 {476 IE 4 i JE
) HRS F1 LRS fy3O6Fii e an &1 5 frn . HRS
RS 5 AEHEFEAC I e [ By s FVOREPE 48 52
LMERZR R R 100, IR L 5 3 T 4th
7 BEIHAE A 38000 1 5 2 R AV 30 7, BHAR 2
HABEBEAL TR o5 RS Bl M O %) 3 o
o FEAR PVK B4, T WS, 40K Jr g
AT PVK Flig 2900, H B 2 1 % B
KT WS,. 00 44K F 19 B BIF 25 32 S B+ A
PVK &35 WS, 44Kk R -l ik . BlE i 3
Jnz) SET Wik, WS,-PVK iR BT A e B2 8 v
TR HL G AR T 2. 00 YRS 0, &
B SCLC 155 e A i, S 32 X T B B PR 1 2 1
AT 2AEB0E . ##4F i HRS 28724 LRS,
7E LRS AR T L BER 250 1. 00 4 BUN %5 £k A £k
PEC R LI 1 MR- AT

Ag/WS,-PVK/Cu £ i) g 47 16l F1 8+
AT B 6 fias. Ag Fl Cu HIAR ) 2 bR 4K
IR —4. 28 . —4. 47 eV, PVK 55 5 I
4y F ¥ 18 Chighest occupied molecular orbital,
HOMO) e M EARA 5 $i5 77 + HiB (lowest un-
occupied molecular orbital, LUMO) & Z% 43 H] K
—5.48 ,—2.02 eV, FEIE [ £ B B IS
Cu it 5 PVK ) LUMO e Z [ i HL T 75
A (2,45 eV LT PVK i HOMO e
Ag TRHL R Z Al A L F 56 R 22 (1. 2 V), [A]
B FER I A Ag IR PVK By LUMO fE
Gz WA TR R34 (2. 26 e VIR E T Cu



1634

ST K FFHCH RFFZR

s

% AT B

RS PVK B HOMO BB Z M i i THe % S MEJm il PVK g HOMO g4k i ik A7 4

2(1.01 eV) . [NIEHERT AT IE AR P 2

10°% LRS, TTT—

CCOOTI
oF

TIEA

4
A y, o2 10 LRS ., oocccommmmmmms
4 o RER0S RS Tn0.96 A T
10 107 10
A 5% g 6
_‘ /1‘4’43/‘.’2.6 10°F
<107 yfg <10% < g A 43.90
“10_77 HRS RBaEN201 < s el ’
. &~ FHEH1.08 10_7_ Od 10-8_ )
’ o - A 3% - o
1 o7 AEIN0.96 107 AHEN100
10° 10 10° 102 107 10° 107 10’ 10°
VIV VIV VIV
@ 4% (b) 10% © 20%
10 ..
| s %Iég—JJ]W
06 -2 LRS
10°F ©
S0 _
108+ FHEN3.23
10° - 410,87
1 O.]()_ ) 00(;16;‘
107 10T T
VIV Oy
d 50% © 30%

&5

-2.02eV

LUMO
2.45eV

@ ~4.47 eV 12eV 4a8ev @
-5.48 ¢V
HOMO
Cu Ag
._ WS2-PVK !
JE HL B ? T b
(a) Jitihn L ) A
~2.02eV
LUMO
226 eV
& 447 ev%jv -4y (O
~548eV
HOMO
Cu Ag
WS,-PVK A
Jis LA ? T

(b) Jitiin S5 1) L
B 6 Ag/WS-PVK/Cu SBkHygEHE

TEIE AR A He X R 35 2 IR B A
RORAR e FAE TR T A 1 B, VRGP 26
RAYER R FEE SR R A TR A Ag LR
EARZ R WS, [EPFREZR. B
Hs Ry B — A3 B B s o » T AR 28 7R
EROE K, e fF N HRS $ 225 LRS. i fin i
li) AL LIS S e PR AR 2 REF TR AR X AR AR SRR AT
] WS,-PVK 5 B 3R 0 2 /XA RE

TR PVK RESHE WS, iBREFTH & Ag/WS-PVK/Cu 25 B BT £ #h 2%

BRI, B JRAT SR PR 55 s 1) A £ i . WORM
RUSZBEAR A BEASHIL I AT LT B B i ) SCLC Bl
#i (trap-controlled space charge limited current,
TCSCLO) K H¢ o

H1 T PVK AEXT WS, 40K BAT 5 58 Ayl
B, WS, 942K Fra] DL 4 o v g il 3K 67 8, Y
Ag/WS,-PVK/Cu a4 8te 0 1 i 5B 78 A
257 WS, K ik i 15 WS,-PVK BHAZ 2
PR T HAS R Z AR N Y. i
[a] fis s 16, e i fin i) He 3 5 PVK g g 305
) AH B2 o PRI R 375 DR 4P A B0 28 RO B rh B
R, L. g R R FF LRS R ZS. X & WORM
TCRR A RRE o

3 %

z5 it

Ag/WS,-PVK/Cu %  F # H4 WORM 4
PR, AR A o B A IR S R (Veer <
L3 V) BmIFR KT 10°) . Rt Atk CKF
100 WAEF) HBEE PVK BTt /r 30, Vier
BN, FFOC LA NG T . SRR R L,
PVK it 340k 4 00 88 F ) Ve i 0.5 VL IF
KEh 1.9X10', HEaeH . Ag/WS,-PVK/Cu
R ALY TCSCLC, Jfi@ it VXU 4k
2k X geats I T e . AWFE RIS TMDs 42
BHZFIF M RE A B T AR AL SR AL IR AR I



F1280 SmETELF AT WS, SRR Ao R Tk oy R T A A 1T 25 09 PR AT A

1635

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

(& % x W]

VISHWANATH S K,JEON S,KIM J, et al. Polymer-assis-
ted solution processing of TiO; thin films for resistive-
switching random access memory[ ] ]. Journal of The Elec-
trochemical Society,2017,164(2):21-24.
KARIMOV K S, AHMAD Z, TOUATI F, et al. Surface-
type nonvolatile electric memory elements based on organic-
on-organic CuPc-H;Pc heterojunction[ ] ]. Chinese Physics
B,2015,24(11):116102.
SIDDIQUI G U, REHMAN M M, CHOI K H. Enhanced
resistive switching in all-printed, hybrid and flexible memo-
ry device based on perovskite ZnSnO; via PVOH polymer
[J]. Polymer,2016,100;102-110.
BERTOLAZZI S,BONDAVALLI P,ROCHE S, et al. Non-
volatile memories based on graphene and related 2D materi-
als[J]. Advanced Materials,2019,31(10):1806663.
FENG X, LI Y, WANG L, et al. A fully printed flexible
MoS; memristive artificial synapse with femtojoule switc-
hing energy [ ] ]. Advanced Electronic Materials, 2019,
5(12):1900740.
WANG L H,YANG W,SUN Q Q,et al. The mechanism of
the asymmetric SET and RESET speed of graphene oxide
based flexible resistive switching memories [ ] ]. Applied
Physics Letters,2012,100(6) :063509.
ZHANG W,HUANG Z,ZHANG W, et al. Two-dimension-
al semiconductors with possible high room temperature
mobility[J]. Nano Research,2014,7(12):1731-1737.
DAS U, BHATTACHARJEE S,MAHATO B, et al. Uniform,
large-scale growth of WS, nanodomains via CVD technique for
stable non-volatile RRAM application[ ] |. Materials Science in
Semiconductor Processing, 2020, 107 ;:104837.
JHA R K,GUHA P K. Liquid exfoliated pristine WS, nanoshe-
ets for ultrasensitive and highly stable chemiresistive humidity
sensors| ] |. Nanotechnology, 2016,27(47) ; 475503,
BESSONOV A A,KIRIKOVA M N, PETUKHOV D I,
et al. Layered memristive and memcapacitive switches for
printable electronics[ ] . Nature Materials, 2015, 14 (2):
199-204.
LEE ] H,WU C,SUNG S, et al. Highly flexible and stable
resistive switching devices based on WS, nanosheets: poly
(methylmethacrylate) nanocomposites[ ] ]. Scientific Re-
ports,2019,9(1) . 1-8.
YAN X B,ZHAO Q L.,CHEN A P, et al. Vacancy-in-
duceds synaptic behavior in 2D WS, nanosheet-based
memristor for low-power neuromorphic computing [ ] ].
Small,2019,15:1901423.
REHMAN M M, SIDDIQUI G U,GUL ] Z, et al. Resis-
tive switching in all-printed, flexible and hybrid MoS;-
PVA nanocomposite based memristive device fabricated by
reverse offset[ ] . Scientific Reports,2016,6:36195.
FAN F,ZHANG B,CAO Y, et al. Solution-processable po-

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

ly(N-vinylcarbazole)-covalently grafted MoS; nanosheets
for nonvolatile rewritable memory devices[ ] ]. Nanoscale,
2017,9(7):2449-2456.

CHOI'J Y,YU H C, LEE ], et al. Preparation of polyim-
ide/graphene oxide nanocomposite and its application to
nonvolatile resistive memory device[ ] ]. Polymers, 2018,
10(8):901.

LEE J H,WU C,SUNG S, et al. Highly flexible and stable
resistive switching devices based on WS, nanosheets: poly
(methylmethacrylate) nanocomposites[ ] ]. Scientific Re-
ports,2019,9.:19316.

BT, PVK BT BUAT HL/N o T8 A4 R 3R 00 R D6t i T
[D]. K& H k. 2007.

SHARMA K,KUMAR P,VERMA G,et al. Optical prop-
erties of transition metal doped ZnS nanoparticles in PVK
based nanocomposite films[ J]. Optik,2020,206:164357.
MBAREK M, ALMONEEF M M, BEN SALEH Y, et al.
Organic optoelectronic copolymer involving PVK and
F8T2: synthesis and characterization[ ] ]. Spectrochimica
Acta-Part A(Molecular and Biomolecular Spectroscopy) ,
2021,252:119509.

LIU G,ZHUANG X, CHEN Y, et al. Bistable electrical
switching and electronic memory effect in a solution-pro-
cessable graphene oxide-donor polymer complex[J]. Ap-
plied Physics Letters,2009,95(25):327.

YOU C H, JUNG ] H,KWAK ] K, et al. Dependence of
the trap density and the distribution on the current bista-
bility in organic bistable devices [ J]. Current Applied
Physics,2011,11(2) :e40-e43.

CAO Q,XIONG L M, YUAN X D, et al. Resistive switc-
hing behavior of the memristor based on WS; nanosheets
and polyvinylpyrrolidone nanocomposites [ J ]. Applied
Physics Letters,2022,120(23) :232105.

ZHANG P,GAO C,XU B, et al. Structural phase transi-
tion effect on resistive switching behavior of MoS;-polyvi-
nylpyrrolidone nanocomposites films for flexible memory
devices[J]. Small,2016,12(15) : 2077-2084.

ZHAO E,LIU S,LIU X,et al. Flexible resistive switching
memory devices based on Graphene Oxide polymer nano-
composite[ ] |. Nano,2020,15(9) :2050111.

YU A D,LIU C L., CHEN W C. Supramolecular block co-
polymers: graphene oxide composites for memory device
applications[ ] ]. Chemical Communications, 2012, 48 (3):
383-385.

MICHAELSON H B. Work functions of the elements[ ] ].
Journal of Applied Physics,1950,21(6) :536-540.

ZHAO E.LIU X, LIU G,et al. Bipolar resistive switching
characteristics and nonvolatile flash memory behavior in
polyvinylcarbazole films[ ] ]. Journal of Electronic Materi-

als,2020,49(3) :1801-1807.

GifEami 5k 9D



