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Fig. 1. Pinch hysteresis loop curves of the N-type LAM un-

der different frequencies.
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Fig. 2. N-type LAM electrical characteristic curves.
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Fig. 3. N-type LAM small-signal equivalent circuit.
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Fig. 4. Neuron circuit based on the N-type LAM.
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Fig. 5. (a) The trajectory of the Jacobian matrix eigenvalues with Vp =3V and 30 mH < L < 600 mH; (b) with the artificial

neuron circuit can oscillate, the Vp range changes trend whereas the inductance increase gradually.
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050502-4


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 Z 3R Acta Phys. Sin. Vol. 71, No. 5 (2022) 050502

LR 5(b) AN, Bt HURAGHE A, BT &
ARG RS BB T (B IR AR R fE 2 Vs
Vp<4 VBN (B 27 NDR XA 1 BE &
YR, Lt DL Aol DAL, & 4 g AT A
ZIUHBSTE R IR LIET (B 5 i
RILIXIR), AT L& AR 54T M.

J T T R A, RTE TAE R
TR 5 AR ot SRR AR AR, R V) 43
25,28, 3.0 35V, HE L1 mHKEK,
M 45 mH B4 600 mH, 5EHRGHHCR £ LK)
Ak fad, Wikl 6 frs.

WMELE 6 ] LA BL: B U L B3R, PR
ARG LARFRB N S, 24 L BN, PR 4%
()T R BE bR 24 L BRI, PRI AT 0 T Pk
FEFF IR IR .

4 ANIWZTLHNMETLSAITH
4.1 EHTEHEBEITH

TERRZEANARL ) I s 1 B — il Rk 3 —
SRIE, LS M A= A — AR (E T TTIX
ANTE 5L I A B 55 PR 2 A i B, I3
T BB, M2 AR TE I, XA i BRI FR A
“AufJuE . TER 4 Fis s S AP IR
51 1V RSV, FRLEF R 0.1 ms A9 ik b
5, ARENZAN 2T R Y o0 R AT R, W
Kl 7 Fis.

v/V
o RN
>~

’UD/V
o = N w
T T T

gl

t/ms

K7 NZ&LAM #f &0 Ba) “ 28 e 78
Fig. 7. The “all-or-nothing” behavior of N-type LAM neur-
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Fig. 8. The firing behavior waveforms of the neuron circuit under pulse excitation with different duty ratios: (a) Duty ratio = 0.01;
(b) duty ratio = 0. 1; (¢) duty ratio = 0.4; (d) duty ratio = 0.6; (e) duty ratio = 0.8; (f) duty ratio = 1.0.
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Fig. 9. (a) Schematic diagram of the biological sensor system; (b) the structure diagram of the artificial tactile neuron based on the
N-type LAM.
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Fig. 10. The instantaneous time-domain waveforms of the
voltage across the N-type LAM in the artificial neuron cir-
cuit under different DC excitations with L = 300 mH.
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Fig. 11. Oscillation frequency varies as a function of DC

voltage under different inductances: (a) L = 300 mH; (b) L =
500 mH.

5 AEFSLI]

51 NZLAM HR{FEE

KT IESEEST N A LAM A TAETTiy a1,
ARG T N A LAM AR B 07 2%, JEEA
WE 12(a) s, HAP s 4 5838 TLOS4 isHARas
(U1A, U1B, U1C), HT 32 B % M5
AD633 Feikiaf (U2, U3) FTLBieikiTF,; AD844
BEORES (U4) T 92 it . 1 12(b) &
N TSR, AR R, PR BRI, 5
SRR N B LAM B (i 505 B 2%, & 12(a)
HFOFB /i H ADS44 fifi 3 A N & LAM A9 L i
i 5 o, I @QFF4rseit (2) RAvRAZ R 21y
SRefigt, v v (UESAREAEE 2« WIE H Q4
SHLT HLS Gy W H, fi il og S5 HFE Gy
BLIE e @A PATTRILIZE, 5 v, EETE Ry,
Y 55—, A N B LAM AYHLI 4 16 12 :

i = —vy/Rin, )
BT 12(a) HRYREET EAR S5 IE, 1T AT 245
A 1 A5 2aas =k

050502-7


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

W F R

Acta Phys. Sin.

Vol. 71, No. 5 (2022) 050502

12

(a) JET N &I LAM B9 RE (05 22 RUEE A (b) 20 % 18]

Fig. 12. (a) Schematic diagram of hardware emulatorof the N-type LAM; (b) diagram of experimental equipments.
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Table 1. Hardware circuit parameter value.
28 WE| 280 IE| 280 IE| 280 E
Voo, Vs/V +15 | Rp/kQ 40 | Ryt /kQ 2.5 |R,/kQ 1
Vee/V 15 | R/KQ 10 | Rep/kQ 62.5| C/nF 1
Ry1/kQ 44.44) R,/kQ 50 |R,,R./kQ 5

T WMEEZ N AL LAM {5 B 4369 NDR X 5,
FE N A LAM P i B3t i — A oA = M 0 A5
S, L1 kHz RN 0 VB2 E 6 V. i T
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AT DLR] 422 3R A5 12 LA R 7 0 A5 e 0 i oy
ooy 5 vy, S8 WE 13(a) iR HEFZE DC V-T
b2k, 53 AN O o, 81K 13(b) FiR
F, S it L PR AR 2K

(2.1 V, 2.0 mA)

(4.2 V, 1.5 mA)

B 13 (a) SCHIR N A LAM B {505 E 28 19 DC V-I4F
PEMMZE; (b) SCHI N A LAM 6 {2 (5 B 2% f A T 28
Fig. 13. (a) Experimental measurement of the DC V-I chara-
cteristics curve of the N-type LAM hardware emulator; (b) ex-
perimental measurement of the conductance change curve
of the N-type LAM hardware emulator.
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Fig. 14. Circuit structure diagram of artificial neuron emulator.
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Fig. 15. Experimentally measured the “all-or-nothing” be-

havior of artificial neuron emulator.
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Fig. 16. Increasing the pulse width, the experimentally measured neuron firing behavior waveforms: (a) Duty ratio is 0.15; (b) duty

ratio is 0.40; (c) duty ratio is 0.65; (d) duty ratio is 0.85.
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{H 300 mH, 43 HEHRE R E Vp = 2.5, 2.8, 3.5,

4.0, 4.4, 4.8 'V, LI EAF R G o FBRRTES
B NE 18 FiR.

WL 18 AT LUK I, B K BB, v 5%
SedE KGR/ AT SN W I () LA AR
FAEREE, HUBRIRE 535124 330 mH Al 470 mH,
B LL 0.05 VAP N 2 i B A
P, RIS A0 5, i Origin 237
oo BRI, Al 19 Bk,
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Fig. 17. The experimentally measured instantaneous time-domain waveforms of the artificial neuron circuit output v under different
inductances with the DC bias V=3 V: (a) L =30 mH; (b) L =39 mH; (¢) L=47 mH;(d) L =100 mH; (e) L =200 mH; (f) L =300 mH.
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B 18 HLE L = 300 mH A, AS ) B B 2 5 T SE 9045 N &Y LAM 0 HL R o BRI B3R5 0E (a) Vi = 25 V5 (b) V) =
28V;(c) Vp=35V;(d) Vp=4.0V;(e) Vp =44V; (f) Vp =48V

Fig. 18. The instantaneous time-domain waveforms of the voltage v across the N-type LAM measured under different DC bias selec-
tions with the inductance L = 300 mH: (a) Vp =2.5 V;(b) Vp =28 V;(c) Vp=3.5V;(d) Vp=4.0V;(e) Vp =44 V; (f) V)b =48 V.
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Fig. 19. The experimentally measured frequency characteristics increasing the DC excitation gradually under two different induc-

tances: (a) L = 330 mH; (b) L = 470 mH.
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Abstract

Owing to the advantages of high integration, low power consumption and locally active characteristics,
locally-active memristor (LAM) has shown great potential applications in neuromorphic computing. To further
investigate the neuromorphic dynamics of LAMs, a simple N-type LAM mathematical model is proposed in this
work. By analyzing its voltage-current characteristic and small-signal equivalent circuit, a neuron circuit based
on the N-type LAM is designed, where a variety of neuromorphic behaviors are successfully simulated, such as
“all-or-nothing” behavior, spikes, bursting, periodic oscillation, etc. Moreover, Hopf bifurcation theory and
numerical analysis method are used to study the dynamics of the circuit quantitatively. Then, an artificial
tactile neuron and its frequency characteristics are presented by using the proposed neuron circuit topology.
The simulation results show that when the amplitude of the input signal is lower than the threshold, the
oscillation frequency of the output signal of the artificial neuron circuit is positively correlated with the
intensity of the input signal, and reaches a maximum value at the threshold. The above frequency
characteristics are consistent with those of the exciting state of biological sensory system. Subsequently, if the
incentive intensity continues to increase, the oscillation frequency will gradually decrease, corresponding to the
protective inhibition behavior. Finally, the physical circuit of the N-type LAM, and artificialneuron circuit are
realized. The experimental results accord well with the simulation results and theoreticalanalyses, manifesting

the practicability of the N-type LAM model and the feasibility of artificial neuron circuit.

Keywords: memristor, local activity, neuromorphic, Hopf bifurcation, hardware implementation
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