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Abstract

In this paper, based on the memristor model with our new window function, the regulation of vol-
tammetric characteristics was studied by adjusting the related parameters of the memristor mod-
el. Simulation results show that, firstly, the existing window functions have some shortcomings: It
is easy to appear the terminal state problem, and the flexibility of regulation needs to be improved.
Secondly, to simulate the evolution of the voltammetric characteristics, the internal parameters
describing the characteristics of the window function is selected as the control variables. Fur-
thermore, to study the dynamical behavior of memristor the external excitation signal is intro-
duced and the frequency of the external excitation signal is adjusted. The results show that our
new window function not only can effectively solve the shortcomings of the existing window func-
tion, but also has a good ability to identify the stimulus signals with different frequencies. These
results will help us to further study the nonlinear characteristics of memristor, and have theoret-
ical significance and guidance for further understanding of the mechanism of memristor and the
development of electronic devices with specific functions.
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1. 518

2 3 AE R —Fh B CAZ I e AR LR Mt s BE, [ 1971 AE 38/ 3 R T . R H S AR 2 )
(R 2 DL FL I 52 4 PE RS AR H DAk, AATTAER S AN S 06 PRAN 5 T 6 L HEAT 7 ARHRICHR R AR 72 [1]. B
F 2008 4, HAFSLEGE Strukov SN B IRTEYNEE FSCIL T 5T Tio, BIMZFHER, AATRILZ A2 BH 25 2L AR
IEE S AR R AR 22 i 2% BT SR ) «87 wRLIRYF IR 2R,  FLBEAE A0S 5 40K i3 0% ih 28 3 ke T — %%
Bk, FUIFAR HP AR EA X P FIiCIZ B J1[2], b, XHIZBHRS BB A4 TG =2 S AATH 2 550 .

ATV I A 5T R B BR 28 VF 2 URR (1930 1 45, Makoto 28 N R IUZ BE 25 1) JE 28 g v mT DA™= 26
VRIS, M TR TR R T R S8 A B AR SO R3] [4] [5] [6]. S A2 FH 28 BA e 12 FNA /R I8 HHE H D) RE,
XA EE A BB A I H T LLE o —, G A8 i SRS [7] [8] [9]. ZBHAAEA 54
YIrh 2 AT e BAFICIZ 58 . 2002 SIS RRIE, 2 B AT O A D) Be S el p 48 70 SR ik 1) 244
[10] [11] [12] [13]. PKIBGAZ BEAS AT T 70 v 5, 1 EL T 38 70 4 1 R 4% AN A 5 S Bt WL 7 vl
1Pt a%[3] [4] [5] [6]. Btz Ah, 1ZFHBSAE N TARZ ML, HLas2E IR T REit SN A E N E
B/ F[13] [14] [15] [16].

BT SEIZ LA A T 9K REEVamE, HAB IR X R ) (8] ) AT 2w BEAR LR YRRy, DAL, DR
N T RN FHARAZTE ARG, N R R AR S Ak B FH T & o g 2, A E B S EXHZIH
o T R AR e Rt S LR ML AT IR AT T o AR SCRATE S UFMZBRES 18 DR 2, b
AR ESGEZAb. B T T IR R B AR e, DR A S HE T AT R
R . B8 = MR EE AT 1 i 5008, BOE XASCHAT 1SS

2. IZPERRIREEE
17, BFL28 A2 HE P MU 77 5 A B ) — R LB T PR, 2B M5 PR B R 35 L R [17]:
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de = Mdq @

2008 M IS R T AT Tio, MXURIZBE#%: AEFIAS Pt BAR P )i A5 v BELAS I 1 4y
TiO, FIG A% (145 2% TiO,_ ZHENI TiO, MR, B 17, FH28 51 B BH 935 24 X 48 v FE AN F 45 4% X 38k B FH
Z A AS BB 2], TZBEAE M(w) BT LA R -

M (a)):%Mon+[1—%]Moﬁ )

TiOp DR T, 5 —E AT . A Pt AR IM PR EER T, 35 B Tio, K
Hiffi#%, TiOp M TiO, 70 S 2 IEF% o 73 Fr i AR S FEHC O T R . PR E R 0 R84

AR, W S = g S (1) ORI T AR R, LI B B0

[19]. D AMZBHER MR TERT, Mo A Mo 20 A1 58 4245 2% LA 52 A TE 15 2R A2 BH 25 BEAKL -

X AR RS VR R T8 R U, — N RUN I R X a0 A BRI, 0y FEim 1iE a2
P P AR A T A AR NI, 0 T A A o R Al AN P RO R A R el . i T TiO, AN
TiOgx A3 F THIAE AR 73 IX 35 A DR IE A AR IERS S 5, AL R A AR ) /) DX 3832 38 R AR AT e A F I
SN, Fi DASINIE 24 8 R BOr] DU R IX A AR VR R PE[18] [19]. BHULSE 2B RIX R o B FA2{L

T /2 [20]:
=g () ®
X:% (4)
= Ai)g () ®)

X SRR S 2 X SAZPLA SR O b, o, WS FAERB IR . i(0)FmimIt LB HO IR, BINEUR)
HUEV (1) =M (a(t))i(t) . g(x) M FERME DR, ik TiO, M TiO, 4 SR 1k i 5243
AT, Mg (x) =10, B4 RNEIETH.

12 BELA8 O BT R, BB R P SCIZ B B8R B A A R, BRI, RO 3 A PR IZ B 8
SN AR L R AR T, R R FE SR 0 SR AT R R B B — R 7 14 [2] [19]

3. BZR5118
3.1 ELMEORY

N TR TIPS AR MR, B AR AT T 2 H5IE Tio, Al TiO, 7 FER AR L M35
PN FIEAT NI DR BOERY, (S Eh T IR LAy, AMTAERS L XHZBE S F R T HISC I, TR T M
AR 22 e . T 1 S Wik B8 1 11 BR B AT — e M e

B AAE 2008 4F Strukov 55 N H T —AN % R 4[3]:

g(x)=x-x’ (6)

RO WA SR B2 RUENE, AR R 0< g, (X) <1, WRERMHBRENS

JELEMIER Z I R - B 5, 2009 4F Joglekar 2 A$H T A IR L M5 24 i B 4 M 1Y) 7 11 B8 %5[20] :

g(x)=1-(2x-1)" ()
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Hrp g N T — A IUERBH AN EERIZE p. ZEHRBRARTIN T —ADWHIEHIRE, EEERR
A —E R R EE, (HEBIAFER (0 » 0)HEWH (0 — D), g(x)=0AFARN, XEFHHA Y
By “EFE” o 3%, Biolek SEKEHLI 515 AT AR IR AR ORIR 1 40T e #[21]:

g(x):l—[x—sgn(—i)]Zp
sgn(i)=1 i>0 ®)
{ i)=0 i<0

ZE N RO AZBL SR i (t) SINBIE DR, BARBUF IR R 7“5 B, (HR%E DK
BRI L AR M E S L 2 . Prodromakis %5 A\ fE Strukov % I BB #0136 AE_EFEH T A& N 2
BINE O R$[22]:

g@Q:qx(L—Bx—o5f+075Tj )

HAGIN qv p I WHIS B A 2R B A IR I G, (HBCA R RS

HY B AT, SR 1 Bk KA AN BE AR S MU R 28 2 1) AT 4% (1 R, DRI BRATT Rl F e 1 — ok
TR T D RO, B AR TIPS TT T R, BT R T .

9(x)=gxsin® (nx) (10)

ZBRER D T A, SUFNBINT qv p WIS ECRA AP RGN, ASCh, BATELLH
I TR ECAIT O R, RN ES S gy p, KB RIX SIZS SR LUE x (ENTERI 28, %
S R R R DL LB 122 A7 . S HIEDY: D=1x10", g, =1x107*, WFZPKEL
dt = 0.0002. FIFH ek e fsidint ik 712 (1-5) 30 K (10) At AT HAE ALY, CsRAZPH A3 Wi BB V (t) Fnd i
ZPHEAT R I(t) » DURAZBEAEBERS ML SR, HEATAR R AT

3.2. REFFIEHILZ

HoE, BABEMSH o =My /M, AEHIAR R, SINBUBIHREV (t) =1.2sin(2nft) . % RG22
PEREE AN S HCE AT AR . AR S S H0 Al 2 x = 0.25, £=0.05Hz, Mg, =1Q. 15
BRI E B AR BR A BE 2 W o FIME, EEULMEREMER o =6, 10, 20, 40, 60, 80. 100
%, WRARGBEAFRMTEETBRUSGEES BN REN I o NRZRFEMLE 2(a-b)Fim. M
1A BAEH, 2o BEENE, Bk “8” FRLBMW AN —&AIEL, W 1% a=6 fin. ME o
(R, 350 5 3 A [) PR i [l R

Hik, %H a=160, f=0.05, 7E£xe(01)7EEAMY x FRAND, EEULMEREERN x =01, 0.2,
0.4. 0.6, 0.8, 0.9, ILFARFIEAF MBI X FETEE 2 U x TR Rttt Zk s 2(a, b)Ar. ME
2 R LA, x BUEAREIE K, EMMLS BRI ELZ, W 20)F x=0.9 fin. HAE Y x BUEIE Y
i, AZFH#E B RiE 2 R R RS R 2R 1547 R

P, FATE E R E o = 160, x = 0.25, W5 /MER R f 1E, @B LMEREMER =01, 0.2,
0.3. 0.4, 05, 0.6, 0.8\ 1, WK RGN RIINZ T R ZRFE M2 a4 3(a, b)Fr. ME 3 R LUE
4 IERUNS, R RSB — R B R, s 3(a)Hh f=0.1 FoRs. 1 f AR 25 S 0
BT AR e e . Sy — 5T, BEAR fAARIIG R, M N T — K .

Wh, WHD=1x10"°, W =1x10™", WHHNESH p=05 q=3, HHFEEYa, xAf =54
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Figure 1. Current-voltage curves with different o values.
1. TEHY « TIZERBARRFERZ

0.084 (a)
0.04
<
< 0.00-
€
o
S
O-0.04+
x=0.1
x=0.2
-0.08+
-15 -10 -05 00 0.5 1.0 15
Volgate (V)

Figure 2. Current-voltage curves with different x values.
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Figure 3. Current-voltage curves with different f values.
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(iii)[# & x = 0.25, ¢ =160, f=0.1. 0.2. 0.4, 0.8. FrfF&i Rl 4(a)-(c)fim. HENESH p, q &
B ERNE, HRRRIRREE R . TATRIM AR 2 dh 2 B0 “8” FRUKAR Rl 4k, H. Bl 5 AR 1 14 n
IR LR IB W T — 4 ELk, LiRBIgE BRI, (10)x0x R & 1 s B e B i dth 5 Strukov 5 A 7E4)HE
S O AR R AR S, BBINI A B S p, o AR E N R B R B B R
TSR . XA SE, 5 HP ZEH 2SI AR MR R e Ve B A

4., B4

ICN=A

LR EPTE, ASCIRATTR A T IR 5L BRI 5T E & B A TN RS R S, BT TR
AR Z2 R 1k G R A A o S BB R, 12 1 R BOH R B 1 LA BB AN R AL
FIN—ERISNERIEAE S, IS SN KHE RIS on o x MW HRBEIIANES S p, g, K

1.5
(a)
1.0
. 0.5
<
S 0.0-
5 a=3
S -0.54 a=10
a=30
-1.04 a =60
a =160
-1.5 T T T T T T T T T T T
-15 -10 -05 0.0 0.5 1.0 1.5
Volgate (V)
15 1.5
(b) (c)
1.0 1 1.0+
0.5 0.5-
< <
S 0.0 S 0.0-
5 5
£-0.5 X =01 E -0.51 —f=01
o ’ 5) —1f=0.2
x =0.3 f=04
-1.01 x=0.6 -1.01 f:0-8
x=0.8 )
-1.5 T T T T T T T T T T T -1.5 T T T T T T T T i T T
-15 -10 -0.5 0.0 0.5 1.0 1.5 -15 -10 -05 0.0 0.5 1.0 1.5
Volgate (V) Volgate (V)

Figure 4. Current-voltage curves with different parameters values. (a) x = 0.25, f = 0.05 Hz, a« = 3, 10, 30, 60, 160. Cur-
rent-voltage curves with different o values. (b) a = 160, f = 0.05 Hz, x = 0.1, 0.5, 0.6, 0.8. Current-voltage curves with dif-
ferent x values. (c) x = 0.25, « = 160, f = 0.1, 0.2, 0.4, 0.8. Current-voltage curves with different f values

4, ZPABRLIF M ETESH T TR RERE. (a)x=0.25,f=0.05Hz, a =3, 10, 30, 60, 160. A[E « FIZFHES
RL4FMEMZ. (b) a = 160, f =0.05 Hz, x= 0.1, 0.5, 0.6, 0.8, A [F x TNIZFHER R R4FERNL . () x = 0.25, « = 160, f= 0.1,
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