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Fig. 1. (color online) The introduction about WO, memristor in Ref. [21]: (a) structure and the physical
v-t curve; (b) the ion diffusion and migration observed in physical, direction of the arrow with blue cycle is

the ion diffusion, the opposite one is ion migration.
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Fig. 2. The simulation results of the primary WO, memristor with continuous positive (negative) voltage

input: (a) v-t and i-t curve; (b) v-i curve; (¢) v-w curve; (d) w-tcurve.
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Fig. 3. (color online) The forgetting curve of memristor synaptic: (a) the forgetting curves with different

initial values of the conductivity in the primary model; (b) the physical forgetting curve in Ref.[20].
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Fig. 4. The simulation results of the improved WO, memristor with continuous positive (negative) input:

(a) v-t, i-t curve; (b) v-i curve; (c) v-w curve; (d) w-t curve.

148501-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 64, No. 14 (2015) 148501

BT T BN EALIE R S B2 2N
FBIREm, S B, 85 B T HCE SR 0 S A 7
AN S AR T S AT 5% 1) DR B E o #RF 1F BE S
MU AR A2 . it Ja (AR R A LR 7R Oy

i=(1—w)a[l —exp(—Lv)]

4wy sinh(5v), 4)
%} = Asinh(nv) — Q (5)
% — asinh(nv), (6)
SH _ bsinh () (), (7)

f(w) = 0.25[(sign(v) + 1)(sign(1 — w) + 1)
+ (sign(—v) + 1)(sign(w) + 1)].  (8)

JiRE (4) RAIZPHAR I IR R R FE; (5) S\
Utk JE RS L BT (6), (7) R al 2 s
I [] 7 ieAZ AR BE p R TR, (7) R
TR f(w) 52 R T p 7E [0, 1] Z 481k a, b3
FelE RE e FIAZ B2 A5 Y MATLAB 1/ 3
gE R 4 Fos.

Bad, o = 05x 1077, 8 = 001, v =
2x1077, 8§ =4, A = 0.05 1 = 4, a = 0.001,
b = 0.002, 7 F uBIHIEEAE 53 58 0.15, 0.1. M
Bl 4 (a) AT DU Y, 78 IE 2F- 800 N B 43 F 0 R 400
K, AR N o B AR IR D, BB
P2 (a) ASAE SURI /N B 0, T AL, A
KPR P2 AR . B4 (b) 5 & 2 (b) M EL,
A DA H 0 %% B 7E IF (5) I S N T AH AR
IR A T A2 &, VB T B T3 BUE B A 1
LR ERAFAE. B4 () B3 48 Hh 3R A 7E IF o 4k
BN LS R R AR i 2R A AR T R S
BE—BIE T STy B, B4 (d) 5B 2(d)
FAEE, 7EFUE SN B R BRI, SR w22
HIR/MEA R 0, Hib)E 2N, 5E 3 (b)
HSZ R S S AT . SRR KA, St )E A
BT INTF A WO, 12 BH 2 I SEBRAT ek

4 ZME R Akey e A

LB AT R — AW oo i, e E
Szt R AE R SR fh S I E A e TS R G2 .
R fid ) — > B LR P i R R 224 @
T R 5 A\ K R S 2 SR SR AR K, X

HEZICHE SR AZBRHPIR S & w(B S
) Al DL RAE N R AMAUE. SN T 3R ekt f5 12
BEL 8 A5 7R Sy 5 ik 1) mr 9B 4 DA A N Tk o 1 i
B JEE 8] B = A A B SR kAT 16

T 2%, R FUK IR AR S A AR B R AL TR L,
[i] 72 Jik 3 TE) B (0.16 )~ fik b 56 B (0.04 s), 8 =41
AN [5 g AL PR Pk v Tt o 28] 5k P 12 BEL 28 W i, 7 L 45
Rl 5 For.

0.4

1B 41.0 V|
0 05 1.0 15 20 25 3.0 35 4.0
t/s

E{EA1.1 V]

0.3
0.2 L L L L L L L
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
t/s
0.8
3 0.6
0.4 1.2 V]
0.2 - . . - - . -
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

t/s

5 (TR ) ARG ke F T S A (128 4k
ith £
Fig. 5. (color online) The change curves of synaptic

weights under pulses with different amplitudes.

Bl 5 v it 2 R oR i A K iR oy 1 VI
R FAAE 1) 78 Ak R 35 L kb e SR 1) Y, SR A AL
EIE B RAEZI M 0.39, AN 0.3; Shih 2k
TR N BRI IE A 1.1 V5 i BUE A2 fh 34,
HEKMEZN0.56, HAMHN0.42; 4 @l ERIR
g N KRB AR 1.2 VIR S BUE AR T 3 $L
R Z40.84, IA{H 7 0.63. MIE 5 AT LUE H,
FE MK RS E R, SRAMAUAE 23 I 3t 132 1
o, i L 22 Rk e ) B R0 8 B — e B, N K
AR, T AdA A 38 I Bk

2k T B 9k e B B SRR 5 . X L
B N KPR IEAE (1.0 V)~ Bk AT R (0.06 s) [ e, 48
ZHAFME 5 58 B 1 kb n7E 17, BH 2% 9 sy i3k 4T3
5, i e g R 6 k.

Bl 6 B85 i &3R5 5 95 208 0.02 s ik
MR T B R AR 1) 284k, S A A AR 1K 3] 1Y) 5K
BN 0.27, R ZAE N 0.24; Zr 6t 2 AR i Ak b
B PR 0.04 s I S AR 1) 728 4k, ok 2] 1) i K AE
F20.59, I ZAH L 0.51; £1 €0 iy 28 i 7R (1) A& ik o 58

148501-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 64, No. 14 (2015) 148501

FEN0.06 s B S Ml ASUE A8 4k, Hoadk 21 ) e R AR A2
0.68, B ZAH 7 0.62. A LLHHE M i, W {E A1 a] b
[i5] 5 B, ok o S B OK, SR AU 19 AR Bk % .

0.28

3
0.22 ) ]

0.18
0 02 04 06 08 1.0 1.2 14 1.6
t/s
0.5}

s 0.4 ]
0.3¢ TEFEA0.04 5 1
0.2 S

0 02 04 06 08 1.0 1.2 1.4 16 1.8 2.0
t/s
0.7
0.6
0.5

S 04 . ]
0.3 TEREAH0.06 s
0.2 . . . .

0 0.5 1.0 1.5 2.0
t/s

K6 (RTIR ) AR 58 BE AR i £ R SRl e (1922 4k
HHEES
Fig. 6. (color online) The change curves of synaptic

weights under pulses with different duration.

B, b Rk AT BE s S AU RS2 m) . Jk B
T 5 0 N BRI IR A (1.0 V) ALK 58 5 (0.04 ),
T 3 A N = A [ D) P kv >R g A7

0.45
5035
0.25 [a]k540.08 s
0 0.2 04 06 0.8 1.0 1.2 1.4 1.6 1.8 2.0
t/s
0.5 .
0.4} y
E N
0.3} [6)k>40.06 s |
0.2 . . . . . . .
0 02 04 06 08 1.0 1.2 14 1.6
t/s
0.5 .
0.4}
: 0.3
-l [JRE40.02 s ]
0.2 .

0 0.1 02 03 04 05 06 07 0.8
t/s

BI7 (PIFIRE ) AN [ (8] B 0 KA F T 50 R AoSUAE 224k
ith £
Fig. 7. (color online) The change curves of synaptic

weights under pulses with different intervals.

B 7, 2 3R ik R B 4 0.08 s B 58
FloAAE AR A il 2, Lk B 1 i K208 0.41,
ZAH R 0.36; LR i 28 2 ki (8] B 5 0.06 s i 5 i
BUE B8k T 28, o KAB N 0.45, S ZAE N 0.41;
T T8 i 28 2R TR 2 ik 11 B 0.02 s B S Al AN AF

AR 2, o KAB 2908 0.49, T F 41BN 0.47.
MNP 7 BT LA, 2 N\ ke i) s R 5 2 [ 7 B
kv V) o /), B ik e e K SR A B (AR 4K,
LY

A b4 Sl K RO AR 5 - RD B = AN 75 TH
WEAL T et JE 1 WO, 12 B 2 R BUE I T 38 1. Kk
AT N B e (R R A K L B PR R B () R Bk /N 5
BB 3G R AR, HAE R E WL, XAy et
JE BN PR BUAE Y S A B2 it T R KA, I 1) B
TR X R B I AT B R 2R EFRATTIE R
L, BESRTEIERKIP R EEAE T, SRARBUE 244
SXIBHRIGIN, PITERKPRIBG 2 N, E0A kN A
T AT A R R R, TR SR kb AT R

VERAE S T8 B2 RIBE 2 o 1.0 V, 0.1's, 0.1 s (1)
SR JE SRR AR DN B AN PR B T O B R
FH B AR 2 H ) W5 5 F A TR Al BUE 1
AL AENL. A B L5 R 8 Fios.

1.0 ]
0.9F — Nk
08¢ — JEME ]
0.7} E
0.6 |
0.5}
0.4}
0.3}
0.2

0.1f
ol (a)

v/V, w

1.0 ]
0.9} — Ak

081 — JMALE
0.7 ]

0.6]
0.5]
0.4} ]
0.3 /\
0.2 ]
01l ]
0 004 008 012 016 020
t/s

8 (MTIRE) o fE Hkk/E T 12 B2 fir 1 25 4k it 25
(a) AEEBTFYHMEE; (b) ZREFT BEE

Fig. 8. (color online) The change curves of memris-

v/V, w

tor synaptic under single cycle pulse: (a) the situation
ignored ion diffusion; (b) the situation considered ion

diffusion.

8 (a) ML 8 (b) W RZRIE T kb {5 5
ARG, B8 (a) A SR AMAUE PR 1FAETH R B AR

148501-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 38 % 3k  Acta Phys. Sin.

Vol. 64, No. 14 (2015) 148501

AL, T8 (b) Y SR AR AUE 2 1B HT I, A
AR BER T RUEIIAIGIE. Z T BL X b
BB, R BRIk E 5 AR AE R, 12 B &35 A AR
SRR (i IR ) RSN TR B HOAE R 1R TR,
IR HAZ BB R D 11 TR (R AU ) 32T
HEOR, IR B A TR B KT e . 24
ke R Ia, A RE BT HU R R O BRI R S
R EN, BIOREFCE K R AT R AL &, AT
ZJE B BEAE S LS (RAABUE ) #A AR A M
HIEE T RN, BT EIREE, 2
Bkt R JE, ROk E AR, TV E R &5
[ ¥ 2, A3 B2 BRI K S R (SR AL ()
. WK R SO, RS IR T
S HO7 AR, R 2 S AR R, Xt

1.0

JelE 2 (d) M 4 (d) HAbkih BRI S5 2R
/N TR AL

ST DA ik bR AE L R T R0 R AR A 1
SR, N bt A S 5T 2k G BRI A S R
WP ZET 51 R BB T B % RE, AT LA S
2 fik 1] B 2 5 /N (kb g 2 2 68 K) I, TIAEE A
WWESHRE, 82 708% KA Gy, ~
— Ak e Bk, SRR R gk L A FT IR,
N T ASE A2 BEL 5 fid S R 455 184 0 T AS P 9k /S £
. NS SRR U ) L KRR T O
MH1.0 'V, 0.01 s i 8] B& A [F 1k S 5 4 0 m
TE Sk (12 BEL 25 9 o, A LA TR BRE IR) 2 5, 459 3104
L VNIVEE S

B .a)
0.8 |

0.6 |-

v/V, w

0.4 |

0.2 [N

0

0 0.5 1.0 1.5

2.0 2.5 3.0 3.5 4.0
t/s

1.0

—~ =
S
S

0.8 1

0.6 [

v/V, w

0.4 [

0.2

TTTTTTTT
—
w

5 0 1.5

0 1.5

1.0

0.8

0.6

1.

1.

v/V, w

0.4

0.

0.

0.2

0

0 5

K9
s ISR EE R, () 1AIRESN 0.01 s i [ Sea 45 5

2.0 2.5 3.0

t/s ’ .

0

3.5 4.
H
4

.0

3.

2.0 2.5 3.0
t/s

5

(TR ) AR Bk ob VR RABUE I (a) [IFEY 0.09 s ISR R (b) [IFEA 0.04

Fig. 9. (color online) The change curves of memristor synaptic under pulses with different rates: (a) the

experiment result when the interval is 0.09 second; (b) the experiment result when the interval is 0.04 second;

(c) the experiment result when the interval is 0.01 second.

M9 (a)—F 9 (c) 7] LA R H WL 52 21 Bl &
H N T e SR 2 R 1 0 R kB ATL P A e R R

H A AL B RO, 2XNTHT 2 BT T 7T 1 45 R A
RF. BeAh, JATIE KRB 9 (a) H A LL R B,

148501-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 64, No. 14 (2015) 148501

SR FUBUE FE LIRS, T 9 (b) FIE 9 () HHEH
PR, 31X 32 B2 R Oy 22 ke (] B ok ORI, Jo A A
AR NI SR TGS £ RER, 3T RS A 2
SRFME I, BT A E AR HAE 4 R E S, A
2T RERBEAE R R 3 20N  RAMBUE )N [
i, 7R 9 (a) FIE 9 (b) Ho A e i [A] 58 i B AE 22 1k
AR, X EER BB 5 B0 A RS 9 5
BB 7, A AR > YRR AR, T PLx
R AAUE FE ARG REAAR. 7EE 9 (c) AT LLBH &
Hb W 52 21 T fk A A I A ok e 4 1) gk — 5 1 L
T RSP K 3K 2 PR DAy vl R A
FRY I o) S A% A S KT ik e 1] B 2 7Y £ 5 1o 97
TEF, BT AL (402 RS AT RS, AT A6 5 4 (112
BELAE DRk /DS, R 38 (R ARUME) 1890, AT I, ik i
HI RN GSE TR IRIE R A B 32 A,
MNTTTREHE T FRAUALAE A AL PR IS A AR B 3 52

o1 28 [0 2% Ry kv T 2 AR T 9B 1

TR AN RN SR Sl AR 1R 5 e
WEFL T B IS AL BE 38 46 D9 2R ikt 1) AT 28 4 S O o
FERR. NS LR LR STP AT LTP, —#%
53 )5 0o B 2 A 1 12 42 (short-term memory,
STM) A1 #1217 (long-term memory, LTM) #H{EL,
Hort STP J2& 1 48 70 2 [A) e 432 (1) I IR I i, R ek
B eh 2 WA, 110 LTP 228 0 2 8] 7E £ 1 7K
AMEINSR, RS LA /N A R P91 s, T LA
I 2RO 208 STP ¥4 N LTP. K THd it
S AT U0

Hg A TR HwE (A R RSOk o (BB 1.2 V7, ik
B £ 0.05 s, [8]R% 0.05 s) 73 3 INALE Bl i 12, BH #5458
Ry, W82 R AMAUE 1) A A Hs, I i Heast s
I 18] 7 ACAZ i AR BEE o, DTSR 10

SEnnnnnnnennnnannnn v @ 1
—w
1.0 H N =20
3 0.8 -
0.6 H
% LTP
0.47 A
T=14s
0.2 i pw=0.31
4 5
)
w ]
5 N =30
% LTP
aul
p=0.42
6 7 8
t/s
., ©
—w
N =140
SF LTP
Z Pak
2
=047
0 . . . . .
0 1 2 3 4 5 6 7 8 9 10

t/s

Fl10 (MTFRE) RREEPHERKER T STP M LTP ALk (a) A 20 MkeiE
SRER; (b) FA 30 MK SRR ER, () F 40 ANty B S at 45 2R
Fig. 10. (color online) The change curves of STP and LTP under the same pulses with

different number: (a) the experiment result with 20 pulses input; (b) the experiment result

with 30 pulses input; (c) the experiment result with 40 pulses input.

148501-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 64, No. 14 (2015) 148501

M 10 (a)—KE 10 (c) /T LABH B b F W) B
FCECH R0, BUSET ] - A 1.4 s BTG I E] 1
3.2 s, X R HRIEZH /D, [FI, B0 LG
HACIZOR B 1 A 0.31 3G KB 1 0.47, XK LTM
330 T oo, 8 I ke R E T M STM
FILTM i, X5 BR SR AEM iz

AR BARABLYE, AT S e T X b 5 i A2, BH 45 55
Kb A Thse.

FESRR R, BATRIL T — DR R IR,
U SR AE STM 32 i ] LTM %% 44 (1 3 A2 (5t 740 #2)
Hh, S BEAT R, R A AR D (R B RE A
IR, Pi AR W 11 Fis.

1-21*ng=‘%—|n/|1;j—|nq]n1r n n n
T 5k o A
1.0 AN S kap
5 0.8
> 0.6H
~
>
0.47
0.2 .
0
0 1 2 3 4 5

t/s

11 (MTRE) EEHBEEIRI 25517 R

Fig. 11. (color online) The “learning-experience” phenomenon caused by re-stimulating.

M 11 AT DLBH R A 7R S — OO R
W RARAUE (11200 IATEE A 0.2 B A B 5
KAE 175 215 ANk, 1 72 STP 2] LTP % 44 (1 18t
Nt O R T, A BT AT IO 7 3 kot
AT DA Bl Kie 2 ). X R\ B “Qu>)
T P A R AZ BEL 5% ik 7 A 4 2 A a8 AE L I ER
OB REINE S, X5 AR LR R
MEEEHE RN L. FN, X2 STP [
LTP iR 5 — PRI AL

5 i AT REL & i B R

N T A AEY) RGP LI E RILR,
W e AT 1 2 Rl 22 BRI AT DR R XA 8 S AT
NI BB, AR, B H AT B A S — 1
pRAE. D9 T TR, X B — AR BT Rk A
STP Hibigid 42:

w(t) = wy + d(wg — wy) exp(—t/7), 9)

ooy, w(t) 8o ¢ I 2 B R ARBUE, wo RS HTUA I
ZI ) FEAAAAL, wy 9 FE I AUIR 2 IR ) 5% Ak AL
{8 7 B ESCR I, S — IR G d 2 —
AMIER 8 2

H AR S = R B TiO,, B 1322
NFERHAIIZ PSP 2 J5 | ¥ 2 B Bl 58 1
TIEMARE T 2 M2 RERIZ SR BN AgsS,
Si: Ag MR SE . X LAY m DUAR S HHL DL 5% fi 14 fik

TR T A T R A S P S Y AR, AR T P X
BRI SRSt A ) 5% AT 4 THI RS HDL 2 AN BILSE 1),
RFFEA R FTA 1 i Th e A0 AL & 7F R B A 2
B TR TIERS, WREERL R SR BB T B R A1
BH 285 AT I B AL, X S 80T HoAh S Ak I
S, Fehn LTM 1 STM 2.

B 55 A S A G PA /WO, /W AZ BH 2% A5 7R
HPIEIE LI S A BT RS, A5 H DX I T AR
K, TCBHAESR/N. R0, n ERrER, —Se Bl fon o2
STP F1 LTP Ff A e 4 25 13T % B AL P fig B, X I
T AT AN 25 R DR - AR e B T 51 R 1 S K
W%,

AT, BB AR 0 B R R 20 dn iR
¥ STP 5 & 74 #HUHEL R, B4 E LIRS
STP (15t P4 1], XA ot R ) 1) - s B e P T AR A
WA T(T), WT7HE (9) W EUs B

w(t) = wy + d(wg — wy) exp(—t/7'(T)).  (10)

G At TR R 7 R U R -
, 412
Horh, LRI S8 L, n(T) 25 A R
HUREL, AR BUR 28 2o A I, A
n(T) = ng exp ( - kl;), (12)
o, ng & IR NI RN Y iR S, E &R
By BIBOE AR, kR BURZ B E LR

148501-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 64, No. 14 (2015) 148501

PET5RE (10), (11), (12), AT LABHAT ARG FE R
STP ) MATLAB{i &, 453 12.

1.0 ——— — T
0.8 EER273 K T
3 0.6 |
0.4 |
0.2 . . R .
0 200 400 600 800 1000
t/s
1.0 . . . —_—
0.8 WREH298 K
3 0.6} |
0.4
0.2 n . . . . . . .
0 200 400 600 800 1000
t/s
1.0 . . — . . — .
0.8 I R323 K
3 0.6 |
0.4
0.2 . . — . . — .
0 200 400 600 800 1000
t/s

12 AR STP s 5 o AU 172 1 i 2%
Fig. 12. The change curves of synaptic weight under

different temperatures in the STP relaxation process.

ME 12 7T AR ), BEE IR LRGN, R
PSR S YA TR R [R] IS 47 SR (1] (St TR AN 1))
ORI, RIS AHOR R, X2l T ik
TR NG AT HOBOR BRI SR . AT, TR
JEE A2 MK A {2 FEL 5 fih ) B 2 A 3%

LA RAE, AT ORISR S fich ) AR BB AT
0N RRE G, R IR R, AR 2 2
A Fi 37 A A P T 284 10 il S 8 BRI BELARL IR /),
LR W AR ABROR 98 28 58 L A2 PR BB NS 2
Hx, A% 3 20T Ja M i SR R T AR = SR AR
ik RV P, AT ELSZ I 2R, IR DRI R 22 1 T A
HJE 3 B £ SRR, A2 E 12, 1ZBE g
K, AT IERKF R ER, AR IKETE, FrElis
BELAEL 2 3t i/ (SR Al SR 3T 3 1K) frn Rk
PRTEIREAR /N, RIUBK s A AR KN, £E Bkt a] B Y, 40
2 OEERR KR FYEL, Nkt 22 Bk,
JIT Ch 2 S U2 BEAE i B 1 /I (S AU 75 B
B R); e B ket A 2 )5, 2P AR IR 2] —
SE WA, T AT R R Z AR 2, BEi,
R AR A K, AR IR T [FLR S5 5 10T 1A
Rl 1S, BT A2 A 2 SURIEE K (R Al B S0
IIN), F IR EEAR R A A T A R
A, BUE /ISR PR AR 1R IERS . 3 B A,
TRAIENETEEHRATE RS,
AR /D 0 e A T DURBOR AL 2 B T 20 B B
SRR T, BT RS BN IR [ B R i, R RS
JUA ST AT AZ AR S 3 B R .

SOO#

H

6 % W

AICAE TR WO, 12 FH &5 o AR Y B iy 1
R R T e SIS S PR R 22 5, R
TEBEARR A L. He 0k, ot 1R T RO,
RTINS Y EIR AS A2 B st B T 7 AE A2
TREEE o H7 AT ANOL AT AR A2 B (0 — s
P, I BAVISEHEIZ ERAT N, BIFtial & 1%
TCPHAS ISR PR, BRAh, ks 5 (K ag T 28 1k
SRR I AT B B R G iR 27
BLGRARAE At AR I B AR A rR gl R B, X ORI
BRI ANBA 1, HIRE 2 %W STP i 72 (5t 7
I 1) S ACAZ AR PR, K 0 345 RAR S e ]
T BRSO A2 AR R B AT IR 4 A0
A TfE, AT CLE AR N R A B AR TS R G
.

SE 3

[1] Chua L O 1971 IEEE Trans. Circ. Th. 18 507

[2] Strukov D B, Snider G S, Stewart D R, Williams R S
2008 Nature 453 80

[3] Biolek Z, Biolek D, Biolkovd V 2009 Radioengineering
18 210

[4] Chen Y R, Wang X B 2009 IEEE/ACM International
Symposium on Nanoscale Architectures, San Francisco,
CA USA, July 30-31, 2009 p7

[5] Wu H G, Bao B C, Chen M 2014 Chin. Phys. B 23
118401

[6] Jo S H, Kim K H, Lu W 2009 Nano Lett. 9 870

[7] Duan S K, Hu X F, Wang L D, Li C D, Mazumder P
2012 Sci. China: Inf. Sci. 55 1446

[8] Yener S C, Kuntman H H 2014 Radioengineering 23
1140

[9] Dong Z K, Duan S K, Hu X F, Wang L D, Li H 2014
Sci. World J. 2014 394828

[10] Cantley K D, Subramaniam A, Stiegler H J, Chapman R
A, Vogel E M 2011 IEEE Trans. Nanotechnol. 10 1066

[11] Adhikari S P, Yang C J, Kim H, Chua L O 2012 IEEE
Trans. Neural Networks and Learning Systems 23 1426

[12] Hu X F, Duan S K, Wang L D, Liao X F 2011 Sci.
China: Inf. Sci. 41 500 (in Chinese) [#/h77, Bfidl,
EEEFE, BB 2011 HERFE: FEFRHE 41 500]

[13] Afifi A, Ayatollahi A, Raissi F 2009 IEEE Circuit The-
ory and Design Antalya, August 23-27, 2009 p563

[14] Dong Z K, Duan S K, Hu X F, Wang L D 2014 Acta
Phys. Sin. 63 128502 (in Chinese) [FE# 5, B3YL, #/h
75, EBIFF 2014 YB2ER 63 128502)

[15] Tian X B, Xu H 2013 Chin. Phys. B 22 088501

[16] Tian X B, Xu H 2014 Chin. Phys. B 23 068401

148501-10


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1109/TCT.1971.1083337
http://dx.doi.org/10.1038/nature06932
http://dx.doi.org/10.1088/1674-1056/23/11/118401
http://dx.doi.org/10.1088/1674-1056/23/11/118401
http://dx.doi.org/10.1021/nl8037689
http://dx.doi.org/10.1007/s11432-012-4572-0
http://dx.doi.org/10.1109/TNANO.2011.2105887
http://dx.doi.org/10.1109/TNNLS.2012.2204770
http://dx.doi.org/10.1109/TNNLS.2012.2204770
http://wulixb.iphy.ac.cn/CN/abstract/abstract59735.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract59735.shtml
http://dx.doi.org/10.1088/1674-1056/22/8/088501
http://dx.doi.org/10.1088/1674-1056/23/6/068401

¥ 12 Z R Acta Phys. Sin.

Vol. 64, No. 14 (2015) 148501

[17] Xu H, Tian X B, Bu K, Li Q J 2014 Acta Phys. Sin. 63 [21] Chang T, Jo S H, Lu W 2011 ACS Nano 5 7669
098402 (in Chinese) [fRIF, MG, I, 281 2014 ¥ [22] Ohno T, Hasegawa T, Tsuruoka T, Terabe K, Gimzewski
H#4k 63 098402] J K, Aono M 2011 Nat. Mater. 10 591

18] Tian X B, Xu H, Li Q J 2014 Acta Phys. Sin. 63 048401

[18] .laléh_ ot E’H%f);g s gfﬁ 21’0814 Z;;@M;v& . [23] Wang Z Q, Xu H Y, Li X H, Yu H, Liu Y C, Zhu X J
(in Chinese) [HBEH, fRIF, FiHil - 2012 Adv. Punct. Mater. 22 2759
048401] _ _

[19] Chen L, Li C D, Huang T W, Ahmad H G, Chen Y R [24] Bhagya V, Srikumar B N, Raju T R, Shankaranarayana
2014 Phys. Lett. A 378 2924 Rao B S 2015 J. Neurosci. Res. 93 104

[20] Chang T, Jo S H, Kim K H, Sheridan P, Gaba S, Lu W [25] SoH S, Choi SH, Seo K S, Seo C S, So SY 2014 KSCE

2011 Appl. Phys. A 102 857

J. Civ. Eng. 18 2227

An improved WO, memristor model with synapse
characteristic analysis”

Meng Fan-Yi? Duan Shu-Kai’f Wang Li-Dan? Hu Xiao-Fang? Dong Zhe-Kang!)

1) (School of Electronics and Information Engineering, Southwest University, Chongqing 400715, China)
2) (Department of Mechanical and Biomedical Engineering, City University of Hong Kong, Hong Kong 999077, China)

( Received 19 December 2014; revised manuscript received 16 March 2015 )

Abstract

Memristor is defined as the fourth basic electronic element, the studies on its models exhibit diversity. Now, the
matching extent between memristor model and natural memristor has received researchers’ wide attention. A new
memristor model is proposed by changing the ion diffusion term of the WO, memristor, namely, adding another two
internal state variables 7 and p which denote the relaxation time and retention, respectively, and the improved model
can simulate natural memristor better. Firstly, the new one is able to not only describe the general characteristics of a
memrsitor, but also capture the memory loss behavior. In addition, the new memristor can be considered as a neural
synapse, under the action of the input pulses with different amplitudes, duration and intervals, the spike rate dependent
plasticity, short-term plasticity (STP), and long-term plasticity (LTP) are analyzed, and the “learning experience”
phenomenon which is very similar to the biological system is discovered, most of which is due to the back diffusion of the
oxygen vacancies during the intervals of the input pulses which are caused by the concentration difference. Moreover,
an exponential decay equation is built to describe the relaxation process of STP. Finally, taking into consideration
the relationship between temperature and ion diffusion coefficient, the effect of temperature on the relaxation process
of STP is discussed. Experimental results show that the new memristor model can better match the actual behavior

characteristics, and more suitably acts as a synapse for being applied to neuromorphic systems.

Keywords: memristor, ion diffusion, synapse plasticity, temperature
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