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Figure 1 Schematic of memristor SPICE model.
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Figure 2 (Color online) The /-V characteristics of memristor under
1 Hz and 10 Hz applied sinusoidal voltage in PSPICE simulation.

91



TKEE S BT IO ARSI 2 FEALSTDP A >) FU (4 5% fish i B B2 1

R A A ST I ASLADL ) SR i 27 2147 M.

ASLEETAC BT T BE#E 40 DU B STDP AL
S ik L B, PR ER SR T I3 s, 12O i L pH G O
M, HR AR LR AZ B SR filbi He = IR M R, B
T FIHSEE 53 ) AR T 2R fisk Fh 2% 1) 4 B A 38 5 T
KIS AR FN IS AR, P 2 B8 AT, PreMlpost Ay 2 fih FL %
IS 5, 7 0AREK TR G w4 oot 2 5l i)
SERAL. NI ANBIE, A8 5 Ml d i R FH Bk
METEAE ARG S, BEamEmi R n] AR 4 A
JE PR ORI ENIA AR S )5, 1BAT A BB Ok i
PGS AL R IZHR IR 7>, MET A s Sprede T
post IR H A i if, ISR TAE, HHIBEE I, &
2., HpostileTpreBIA I N iy, HEoRAE s 1k, ]
P TAE. TEprefHpost¥IAS [F B[R] Z2 50T, % Hi AN ]
i ) LA FL T 22 BHL SR A e, DT AH S 4 3 542
FH#S HL S22 1L,

FLERAEVTAEIRAS IS, B3 a. b sidb B
ML YA ol Epre T 5 #HZ4E Jo R Bipost 2 I K A
B, 3 BRI A 5 R TG, 1) P 50 N S 3500 21 = HL P,
i HE o R o PRSP AR AR T PRI RN A P IR

AT S L, MOSEP, Sl HHEAC HARTH
KA, ari HBIRET LT EmWan. e, $ofisde
(95 3E 1T G % i B MOS T PAAE, i i 5
IETAE. MprefF 45N, HAC EWHET HIAR, 2
AT, BT ADG442 4 5 T BB 5¢, Horr, S
LD 4 55 Sl 1, INGi A2 s 1. 4TINS\
i B, Su 5 D 2 [BE R T3, M INm i A H
PR, Suity-5 D 2 (AT L. JE A0S SpostiE &
RT3, MpostfE 5 FIA R BEHLIT X S, C,
RS 4 v A e AR ADL OC FR S A N D3 I HE R
HC,. HTHAEC, AR KT C,, ATULHEC, 21 il
HHE2 BT Zpostik B i % C W w1 HER AR 7T LA
KIL, preGpostZ [AIN] B ZEi8&/]N,  CoBrRe B F-IE 2
R F KA B, R HLM393 15 R 3 )44 Bl FL S BL %
%, IRV o B 2 R N it T o2 b s A
post(& 5 &5 HAT, CIFAET RBEAT L. 24 Co 0 H i
P B P TV, U R B R R, A B A
{EL Vi, PT O5CAR Hin H LU FLST B R TRV B, M8 A\ {5 Srpost
JeFpreRlikmt, HGRBIHE (I TAE. Mkl a2 45
post-5iprefs 5 [ [ 22 4 H AN [F] 96 B (W B FE P,

IZPRZRRDIEIR

B3 T2 BH &% 0 5% fik o i S 2L

Figure 3 Schematic diagram of synaptic circuit based on memristor.

92



HERE: HARES: 2021 4 B SIS 1

V) 2 /N PRSP O PR TE . [RIRE M, O s R
Vi T SO ) HL T B
TSI fl e ST R B 2 AR AR, 4 fT
TR, ARSCHEH TN B S floR e ) DO B o e R B PR
ToH L T ADGA42 AU I 58 S AZ I 2%, & e rL g (1)
PR/ N 3 40 ) 5 0 R AR R FT R A AR . B 4(a)
FLEE TSI 3R PRI S R A Hebbian 2% S R, FL
HIE SRS T O AR dEHIE AR, HDHIR S T
K2, 3FEHRAE. MG Tpredt T postEIART,
R R ATH A I H AR T G 4508, B
LY A R L TR R P 6 1 4056 0 E A2, B 2% Rm P 4,
12 BAA% F T BT S NS 5 I () 220N, Jt N 7E 12 B 2%
P9 ity 14 2 [ FL P i B R e, AZBEL 2% FE T T HIRAE AR K
[FHE, MpostseTpreEIARS, ELI IR A4E 1 B LT
FFR2. 3 AL L 2 Rm P, 12235~
B, FRERE R SHNGSRR A C, I R 28
N REIRERCR. El4(c) BRI SEI3 . 45 PR IIXTRR
J<Hebbian* 2 FLN. 4% N5 T pret T-postFiE T,

@  ——f"—FTF"FF—~——~—~—~ T~ T —————— a
IN1 IN2

15
+2V 3 D1 D2T| +2V
S1 S2

13
15V VSS VDD—|+15V
5 lenD neH2

S4 3 1:) I

O—1e
IBIRIRIR

(oo BN (o))

bR
O

(C)y F 5 S = =g B ERSR  Eei E E

o—t INT N2
SRR, +2v |—2p1 p2H2

S1 S2

I | sv gvss vDDH2— +15V
GND  NcH?

|

|

|

|

|

I 2V |—$s4 s3 12} I
| A D4 D3 [

s

MEER N 8 lng gl [
|

|

|

|

ADG 442

B AR R A i PR T O L S, B YR
A R R 280 T D6 U v it I ZEAZ B 28 Rm i iy, 12 BH
WS TR ATLLURIUE NG S B Z 8, 123
S N BB K; Mpostst Tpre RIS,  HHIHEHe
PR R PR T A 3, B R AR 1 R
TF 64 Iz 1) i 0 7242, B 2% Rm J 3 - 5 012 BH 2% H S48
TRE, FIREH, NS S A 2R B SR PR
K. fEUCIERE B, AT Bk (a)s (o)A B e i
FIfZBE2S S M i E, 15 2 E4(b)Fi(d). BT R R A
Bk (a). (ML, KK (D) () ANAZBH T fik
LR, i N B T 222 235 330288 P T Y ok b il i 8, BT
FEAD2 . 4% IR S X R Je Hebbian % I H A2 1. 25 B
XF AR B Hebbian % > FIU) A 58 Al BUE B8 117 5 4 48 o0 3
PR AR L.

3 R4RE®’

AR HPSPICES A1z R K3, 4f 5 3

s | 2 |0, P

S : ¥2VI—3 g: g;ﬁ +2V
4 13

- 15V |—z—vss VDDT| +15V
5 GND NC?

54 3310—“.

D3

[

[

[

'l | eND D4

| 8 fing N3P e
: ADG 442

I — 11

[

|

& 1= + &

@®
Z
w)

HIHRIR
G

|
|
|
I
I
|
D4 D3 |
I
|
|
|
I

I
I ——
I

Bl 4 ZPHS AR DU R B 4 L ER . () P SEBLL. 3R PRI SO PR Hebbian2 I AU, (b) FT-SEBA2. 4R IR O TR IR
Hebbian® I HEN; (c) FT-SEI3. 4R MRIFIXFR S Hebbian® I HE; (d) A TS2B0 1 25 BR A9 FR 2 Hebbian % =T )1
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Realizing diverse STDP learning rules in synaptic circuit based on
memristor

ZHANG Xin, XIA Tian, YE Cong, LIU YanXin, LIU Lei & SHEN LiangPing

Faculty of Physics and Electronic Science, Hubei University, Hubei Key Laboratory of Ferro & Piezoelectric Materials and Devices, Hubei Key
Laboratory of Applied Mathematics, Wuhan 430062, China

Being a nonlinear circuit component with memory function, a memristor is similar to a synapse in human brain, whose conductance
can be changed after electrical stimulation. It can be used to simulate a synaptic behavior in the process of learning and memory. In
this work, a synaptic circuit based on memristor is realized, which includes an enhancement module, a suppression module, and a
memristive synapse module. The enhancement module and the suppression module are composed of op-amps, logic gate, and analog
switch, etc., while the memristive synapse module consists of a memristor and an analog switch. By inputting a pair of pulsed DC
actuators in the enhancement and suppression modules, the stimulation of bio-synapse from pre-neuron to post-neuron is simulated.
By adjusting the time interval between pulse input signals, it is found that the shorter the signal interval, the more remarkable the
change in conductance will be achieved by the memristor, which is consistent with the change in spike-timing dependent plasticity
(STDP) learning curve of bio-synapse. In order to achieve diversity of the synaptic simulation, four replacement circuits of the
memristive synapse module are proposed, each of which can simulate different learning rules on its own. Therefore, the circuits can
simulate four kinds of synaptic STDP learning rules, which can solve problems such as single-type simulation, harsh input conditions,
etc. in synaptic circuit research, and these circuits are expected to be applied in the development of neuromorphic chips in the future.

memristor, synapse circuit, spike-time-dependent-plasticity, learning rules, neuromorphic chip
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