Chinese Physical Society
Mﬂﬁﬁ Acta Physica Sinica :

€D Institute of Physics, CAS

Z P A% RS T IS BRI TAR SSHHE
X kH FIAH DA B A
Memory capacitance behavior at single resistance state in memristor and multi-state characteristic

Liu Ru-Xin  Dong Rui-Xin ~ Yan Xun-Ling  Xiao Xia

5 {5 B Citation: Acta Physica Sinica, 68, 068502 (2019) DOI: 10.7498/aps.68.20181836
TELERE View online: https://doi.org/10.7498/aps.68.20181836
AN View table of contents: http://wulixb.iphy.ac.cn

LT RERGBR A HAN S R

Articles you may be interested in

TCRHAS . AL E AR Y Simulink S S AR HF

Simulink modeling of memristor, memcapacitor, meminductor and their characteristics analysis
YIBR2A 4. 2018, 75(9): 098501  https://doi.org/10.7498/aps.67.20172674

— I AW Ox I BH AR B L 54 A

An improved WOx memristor model with synapse characteristic analysis

YIBR2EA. 2015, 72(14): 148501  https://doi.org/10.7498/aps.64.148501

— BT AL AR R iy B RO P R ) AR

A fractional-order memristor model and the fingerprint of the simple series circuits including a fractional-order memristor
YA, 2015, 72(23): 238401 https://doi.org/10.7498/aps.64.238401

RGP IRT ZEOS A I L AR A5V )

Influence of length parameter on the characteristics of nanoscale titanium oxide memristor
YrH2Ed. 2015, 72(10): 108502  https://doi.org/10.7498/aps.64.108502

FET AwWTIO2/FTOSSH LB AR B T IRAFE S HLERBFFE

Resistive switching characteristics and resistive switching mechanism of Au/Ti02/FTO memristor

YIFE£4. 2018, 75(15): 157302 hitps://doi.org/10.7498/aps.67.20180425


http://wlxb.xml-journal.net
https://doi.org/10.7498/aps.68.20181836
http://wulixb.iphy.ac.cn

) 32 3R Acta Phys. Sin. Vol. 68, No. 6 (2019) 068502

ZER R RS THIEIZERTITARSEEFE

x| i Hr A

BG4S HE

(WO Py R4 S 5 B LRRABE, INRADGB FERH: SHORE RS0, Wk 252059)

(2018 4E 10 F 11 AY#]; 2019 4E 1 H 15 AUEER)

K FHBEIAR -2 R 28 A (SR R Y M T AL/SE YY) /TTO G584 (A HLICAZ 8540, JE 0 o 3 -HL i (1-V) Al
B (C-V) FRPEHEAT TT5E. 45 R3] AP A DU B W (0 A2 R BRI, 17 EL 7 B ri BEDIR 25 ik
FEAEACAL LA AT Ny, A0 2 A 22 3 TR0 o, BELR A1 15 22 of IO ) D R it 2028, BAT v BRI A A XS B 1L
AE 7. TR ML b0k & 8 A9 B AT AT R AT 1 R R A R R ), fE AR R I B T 2 R AR, W R
filf 1) S2 AR ML T — S G& AR . Bem il il 5 AT 7 N AR SEA, ESr T I  B AN AZ A R SR, 4

H T R XS bk 2R SRR A R A A

S IO, ITIC A, ST
PACS: 85.35p, 85.25.Hv, 73.61.Ph, 77.22.Ej

1 5

{ZBHAF (memristor) H 3 E MM K221 Chua
P AR L B IR Y e A PR L, B S %
T 2008 4E il £ 15— NS B AR, TFAI T IR 2%
WS SE]. i TIZBEARTEAE 2 SR A7 it B0 R
255 Ml ADL (=1 5 T 4G VA R AN, BT LA
WANTRE TV Z A RIBEFE . Bl AR A% i
WK JE, Ventra 55 0 UNIHIE FE LT 55 4h—F
R FICAL AR —— 1255 %% (memcapacitor). 12
s AL EA IR R AT A, PR S 1L
FEAESEA ZERUICIZ T SR, R S REH e a1
MIce 2 &, I Zs as i As 3] )iz fF o bou,
Haik 552 il Albamartin % 19 735135 F 4 J@ 4K
ORI AN A H A T Icsas i, SC3 T BAEnyid
TCTF AR, X R AR PRI T A A H %k
TEPIA AL Z Th B AR SR 0 FE OB RN . (R AR
EMJE, 2013 4F Yan #1 Lin™ 7£ 2 2 & J8 S

ail%

DOI: 10.7498/aps.68.20181836

TR BT L B AT G R E B, X At
FEITF VR T Nb:SrTiO,/Au ¥ 42 40 i AL im # 42
BN . BfJE, Salaoru 5 9 SZI T X H BH AN HEL 25 4L
FETT 2 B ko322 2016 4F, Park %8 16 5@ 1 76 A
L LR TR IS (PMMA) 2 i AL SR
WL T 29 BN L 25 I A7 P OIS b AR
hoABRIEE N RS BRRE, EEN
PMMA /1 B4 5 S 2 A 29 40R .
IR 5 {6 E BELRD 2 T S S s A R — A g R
BB TG, WM TS5, HefhILRERES
2 L BEURI L 25 ) T DG HLAT R 2B, 35— e BELER
AN R —Fh AL 2R A, BRI T A2 RS B8 .
TSR AE [ A DR S (R oI BEAS) T B 2%
FITF AT, BF AR 255 15 2 I 8 16
xRS R 2B A AR L.
ARl T BA AL/FLRY) /ITO S5H A L
ICAZ A, I T HACHZ L BE. (TZBH) 5k, Ak
WF5E T 24 B BHIRAS T RYICIZ R 2 (125%) 118,
S LA E A A T b b BELDR 25 0 5 22 56 3 Ay O e

* K HRRPIERS (S 61574071) AR 28 11246 TR 4 W B LS.

+ lfEVEE . E-mail: ruixindong@163.com
©2019 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

068502-1


http://doi.org/10.7498/aps.68.20181836
mailto:ruixindong@163.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 68, No. 6 (2019) 068502

FORAS . e EER XA F AT T F s R (LA 4
i, AL T RLAF R B n R RE.

2 LIRS
2.1 SRHHMIHE

arFI T REE LR Y o AP RL, SR EA]
FHELA S L BE T 0 2R I e s LR Sy LT
A IR IE R R R IR R AR A R A - A2
RIS RL. %8, B LR iR A
AP, AR 0.1 mg/mL.
FEZ IR R BERE 30 min S5 HE TR 78 T Pk A9 S HEL A
ITO BEIgRIIE . o R RZE kit 58 h
1.5 mm A SRR AR TURRFE L SR W AR I, 788
AR 5 x 104 Pa. #4A4EHAE 1(a) FiR.

&

1pm

1 (a) %0 Al/FEERY) /ITO WILEHRE R (b) W R
) AFM B, FHE N 5 pm x 5 pm

Fig. 1. (a) Schematic of device with the Al/copolymer/ITO
configuration; (b) AFM image of the copolymer film, with a

scanning area of 5 pm X 5 pm.
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Fig. 2. (a) The I-V curves of Al/copolymer/ITO device. Inset is the Al/ ITO device. Red and blue curves represent HRS and LRS,
respectively. (b) C-V curves of Al/copolymer/ITO device. Red and blue curves correspond to the C-V characteristics in HRS and
LRS, respectively. The arrows show direction of voltage sweep. The retention time characteristics of resistance (c) and capacitance (d).
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Fig. 3. The C-V curves of HRS under the different sweep
voltage (AC read voltage 30 mV, 100 kHz).
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Fig. 4. Resistance versus temperature plots for the device in HRS (a) and LRS (b). Double-logarithmic I-V curves of the device: ex-

erted (c) positive voltage or (d) negative voltage, and the value of the slope is marked in the figure.
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Fig. 5. The PFM phase image of the copolymer film. First,
an external voltage of —10 V was applied to a square of
5 um x 5 um. Secondly, +10 V was applied to a square of
3.5 um x 3.5 um, and then —10 V was applied to a square
of 1.5 ym x 1.5 pm. Finally, the polarization degree of
5 um x 5 pm film was measured by 15 mV alternating signal.
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Abstract

With the advent of the information age, big data put forward higher requirements for capacity of storage
devices. Compared with the method of reducing the size of the device to enhance the integration level, the high
density storage of increasing the memory state of the single device will be very beneficial to solving the problem.
In this work, we propose an idea of two-parameter and multi-state memory device involved in both resistance
and capacitance operation levels. At first, a new donor-acceptor (D-A)-type copolymer is designed and
synthesized. Then, the memory device of Al/copolymer/ITO structure is fabricated, and the current-voltage
(I-V) and capacitance-voltage (C-V) curves are measured by a KEITHLEY 4200 semiconductor characterization
system. The device not only displays the obvious memory resistance characteristics, but also has the memory
capacitance behavior in single resistance state, which results in two resistance states and four capacitance
states, so that the device has the capability of two-parameter and multi-state memory. In addition, the device
shows more capacitance states after the switching behavior has been modulated by the voltage amplitude, which
provides an effective method to control the memory states. In order to study the conductive mechanism of the
device, we test the relationship between resistance and temperature. It is found that the resistance decreases
with the increase of temperature, indicating that the device has the obvious semiconductor properties.
Furthermore, the fitting results of I-V data show that the mechanism of resistance switching is in good
consistence with the classical trap-controlled space charge limited current theory. The capacitance switching in
single resistance state is closely related to the polarization characteristic of D-A structure in the copolymer film.
The polarization force microscopy phase image shows that the copolymer film has obvious polarization and
depolarization characteristics under the external electric field. Based on the polarization characteristics of
copolymer, the correlation between memory resistance and memory capacitance is established by introducing a
polarization operator of molecules, and the matrix model describing the two-parameter and multi-state memory
characteristics is given. The above results show that the multi-state memory characteristics will store more
information than 2-bits mode in a single cell, which will provide a reference for improving the storage density of

information.

Keywords: memory resistance, memory capacitance, multi-state characteristic
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