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.

Mo MR HLAERT, vo it RioCr FIFEXT Cry i2E
ITIEm R, I v AR PERUEE R, op B
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W [V & A= kAR, pR T kAR R E] 12 75 2% LR ve Y
{EANBEERAZ , it v 1Y 52w WA (T H, s 1) 2408 X EKE =
T oo RHF X E. Z )5, voXf Cn 4T K] 78
L, B3 vo PR RS HF-. vo BEAZ I [FIIY, vp
g ) Fof e A kA2, kA ik ] ol T2 25 i L s e

2

(b)
1
Z
S
S
-1
_2 \
8.0 8.2 8.4
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4
(d)
2
Z
> 0
S
-2
—4 .
8.0 8.2 8.4
t/s

P 7 RioC [0 H A2 A8 BB |, LR vg FIRHERIIE  (a) ¢; (b) v (c) vo; (d) vy

Fig. 7. In R,(C,, circuit, the time-domain waveforms of flux and voltage of the memcapacitor and voltage vg: (a) @; (b) vug; (¢) vo;

(d) vg.
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R vor I, A HH PR R AR B BT B 1T RR F R AR
Ao, Hom = Ripvor/ (Ri1 + Riz). Wi vop 8 #:F
RioC [P FERT Co AT S IAI FEH, v $5 FRAEZEPE R
B Yoo < vp = o B, FiH HUE vo FRIR AR
ﬂ‘:’UOl-L

6 A& Ll IRV A8 09 R R B
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IR G O T TR, FEICA AR P I
H—~ 8 nF MYHLZE. 5 5 BRI f BH A DIFE L K
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1) B0 P L, R 2 B 45 9 35 BB AN 181 9 TR
MAEIRZ R T = 0.182 s, YR HIH f = 5.494 Hz,
di 25t D =0.516. 0] UL, 5286 45 5 A H 4
—H.

3 BJEE Rya /Ryt Rio 1 Co IS HIE, WL
PR W T PRF LS 25 e D BESEUE L
FIRREE. ZESCI it b, B P S50
BUEES 3 SR, WA NRIR G A I RES L T
[ D, 261 Re S B b B S R e 2,

VoH

7

\

VoL

8 MLHEMZIERG AT BB (vo . vl vo P AR B 78 18 B 1 2 [-5.0,5.00 V., vuz 2\ A2 45 19 2 7 38 il 2

[—2.0,2.0] V)

Fig. 8. Simulation waveforms of memcapacitor multivibrator: The display range of vertical coordinates vo . vy and wve are all
[-5.0,5.0] V, but the display range of vertical coordinates of vys is [—2.0,2.0] V.

P9 BEAF ISR S BE (vo . ve Tl vy RIS 2 V/#, vuz 4 500 mV /4%, I [E1GHE 2 100 ms/#4 )

Fig. 9. Measurement of oscillating waveforms in hardware circuit: (The vertical axes of vy, ve and vy are both 2 V/lattice, the

vertical axes of vys is 500 mV/lattice, The horizontal axes of all voltages are 100 ms/lattice).
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Kl 10, B 11 F1E 12 Frs.

BB LS B Ry = 300 kQ AT Cy = 200 nF,
VA K S RlQ/RllE@H’X{ET@ R, i AE
[2.427,8.333] X [A] N A2 Ak, A5 B A0 1&] 10 Frs i 52 5
M4k, YR Rio /Ry 2T TR HLE [or I8/, 5
v s 15 R TN SN <5 T S WA N €S
DA T ARG AR f, 3o iR B S B 3 K
] 258 DRI L s ) HEI R 2 R 1 B il 2
T € [64.67, 181.6] ms Fil f € [4.028, 15.46] Hz. {4k
Vil f RS AR KT, 1A 2R AR Lt

200 |} (@)

ot

0.55

0.54
0.53 {\
0.52 ) -

Il 10 Rio/RufE RS8N, IR 4% 1 A8 2 0B i i
SHCEL  (a) T3 (b) f (¢) D

Fig. 10. Curve of Oscillator Performance Parameters with
Circuit parameter changes (Ri2/R11 as a parameter vari-
able): (a) T; (b) f; (c) D.

250 F )
200 | J
150 |

100 k T L L L L L L L
160 200 240 280 320

D/arb. units

Riz/ R
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10 (b

f/Hz

0.52

D/arb. units
o
o
S
\\O

Rm/kﬂ

Kl 11 RiofERSAZRN, IR 41 AE S Bt % 2 4
BACHIZ  (a) T; (b) f (c) D

Fig. 11. Curve of oscillator performance parameters with
circuit parameter changes (R10 as a parameter variable):
(a) T; (b) f (c) D.

PERIR Ak, i 7 F T 5 A R ORI, o 4 L
D7EFRE R T 0.5(F5 A5 A, (HJ& 52 bRl &
PR, BT Rio/Raq I HUE L 32 BR T [2.427,
8.333], WM AY i 25 HEye A [0.550, 0.520].

MBS EOEE N Ria/Riy = 581 Rig/Ryy =
2.427 B, 43 AR AN &l 13(a) A1 13(b) Frs Y
T B SR T . P RS 2 5 TR vo
1CE5 A s F R B TE vo FRBHIC 2S5 2R FLAT g 224k
FRUAL Y FLR T v, 2 R0, A5 P 2
BN R R 1 KN4 R 9.899 Hz (] 13(a))
1 4.028 Hz([&l 13(b)). X & 6 Fr7~ oL i ol %,
Riz/Rii L= |vr| 1= T 1= f L, X H5E 11 iRE
SLSEE RSt VG, MK 13(a) ME 13(b) KRG
WOE T H, HL S AR 5 0% £ RN, A2 AR AR
PR R v T we RS 1 22 SR A, T 2 ke
B g-v i PUVRE B . B (7) ST vus S vag
T B9 J7 B L, SO B IR G % fl, 28
T I7 Z )5 LR IR (BB I vy IR BOE
KF, MR RN I HE R, ik an i
Uik AR ARG, SEUCA R OT HARTP A
P I A LR A2 S A 4

250 r (a)
£ 200
< 150
100 ,
120 140 160 180 200 220 240
10} (b)
N
= st
= gl
4.

120 140 160 180 200 220 240
Cio/nF

12 CofE RS REWE, 4R35 f 1k AE 2 KBt R 1 5 B0
gk (a) T (b) £ (c) D

Fig. 12. Curve of Oscillator Performance Parameters with
Circuit parameter changes (C2 as a parameter variable):

(a) T; (b) f; (c) D-

WE LS80 Cy = 200 nF Fl Ryo/Ryy = 2.5,
THEE SR R0 WG L, AR (160, 324] kQIX
[N AR Ak, 15 A 11 Fos ik, BT Rio A
FEK, RioCr 171 1 7050 HL (4 B[] 85 H5080K, 125 7%
FeCHL BT RR F S o | RS BB D S BUR
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B 13 O AR 40 B R i B SE B4R 5 OB (B () A1 (B) B vo « ve Tl vw BV 2 V/HE)  (a) Ri2/Ri1 =5, HH vys 9l
1 100 mV /4%, B 1% 50 ms/#%; (b) Ria/Ri1 = 2.427 , Hof oz Nl g 5 V/KE, Bl 100 ms/4%

Fig. 13. Experimental oscillation waveforms of memcapacitor multivibrator: (a) Ri2/R11 = 5; (b) Ri2/Ri1 = 2.427 . The vertic-

al axes of vo. vc and v, in Fig(a) and Fig (b) are both 2 V/lattice. The vertical and horizontal axes of wvys in Fig(a) are

100 mV/lattice and 50 ms/lattice, respectively. The vertical and horizontal axes of vys in Fig(b) are 5 V/lattice and 100 ms/lat-

tice, respectively.

JARA T ARG AT 43 ) Bt 2 5500 18 R B e 34
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(A ZRCTT A, Co BYMEBROR, TE S S 3 T
VIS BRI Crn (P4 p) BRI, FETBCHRL 1] 6 F 1] 5 4

A BRI BR RS, 1275 48 3 i L B 1 TR F S o | T 9
BRI, S8R A T FR G f 4350
BB B 3G R BRI 1 N R ek, ) 2 S
4 4> W2 T e [84.49, 285.99] ms Fll f € [3.498,
11.822] Hz. &l 12 A] 1, 78 I & X i) P 25 b
D i Co B3GR ERR B 1S BEI O, 1S R 23 3 5
LA TP TR % P R [ ) P (B 25 AR K

Y SO E N Oy = 146 nF Hl Oy = 256 nF
B, A A 15(a) AT (b) Bz AR 4 Ha S
WG IE . AR EE S ECT vo « ve il vy, 1Y
I T WA K/ 43 5 R 9.649 Hz (& 15(a)) i
3.498 Hz (& 15(b)). X &l 6 7~ H i 43 B o] 1
Cot= Cn =11 T1— fl, X5E 13RE
WILERT2VIA. BESIIRGIR f 510541
RLRMERLRE Z (BB 2R, LA HEL 6 R By S A 0 )
S 13 FE 14 T e B 25 RS, AR AN T

M ZHSEOF R G IR 1 I R, S5
Ria ) Riy WCE 25 22 18R #5 IR 0 A0 2 14 13
v, I & B, R A2 ARG PR PE L AE
N R O B 7 e 1) o 2 R

Kl 16(a) A1 & 16(b) 73 51 2 Rip = 202 kQHI

14 ARG A% B B SR IR G R (R wo « ve Fl v VBN 2 V/H, 18] (a) T ous DA 500 mV /&, I A 4l

50 ms/#%, & (b) T vus YAH 5 V/#E, ISR N 100 ms/#)

(a) Rio =202kQ; (b) Rip = 324 kQ

Fig. 14. Experimental oscillation waveforms of memcapacitor multivibrator: (a) Rio = 202kQ; (b) Rio = 324 kQ. The vertical

axis of vo. vo and vy, in Fig. (a) and Fig. (b) are both 2 V/lattice. The vertical and horizontal axes of vys in Fig. (a) are

500 mV /lattice and 50 ms/lattice, respectively. The vertical and horizontal axes of vys in Fig. (b) are 5 V/lattice and 100 ms/lat-

tice, respectively.
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Bl 15 125 % W1 i B S8 R 5 0 (B vo « ve Al v DAY N 2 V/#%, B (a) 1 v Bl 4 500 mV /4% B[] il R
50 ms/#5, B (b) v PNk 2 V/#%, I EHER 100 ms/H%)  (a) Cy = 146 nF; (b) Cy = 256 nF

Fig. 15. Experimental oscillation waveforms of memcapacitor multivibrator: (a) C, = 146 nF; (b) C, = 256 nF. The vertical axes of
vo . v and vy in Fig. (a) and Fig. (b) are both 2 V/lattice. The vertical and horizontal axes of vys in Fig. (a) are 500 mV /lat-
tice and 50 ms/lattice, respectively. The vertical and horizontal axes of vys in Fig. (b) are 2 V/lattice and 100 ms/lattice, respect-

ively.
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16 Rayo A ) B I IR 55 R 0% v 12 %5 0 B0 [0 T 22 (R 2l om0 AR AR 23 XS I T2 wap v ) () Rio = 202 k2; (b)

Rio = 324 kQ2

Fig. 16. The pinched hysteresis loops of memcapacitor with different values of R, in oscillating circuit: (a) Rip = 202 kQ; (b)

R10 = 324 k2. The horizontal and vertical axes correspond to vap and vy, , respectively.
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Memcapacitor-based multivibrator and its experiments”
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Abstract

Memcapacitor is a kind of non-linear capacitor with memory capability. In order to study the electrical
characteristics of memcapacitor and its application circuit, a quadratic model of voltage-controlled
memcapacitor is proposed, and an emulator which can dynamically simulate the ¢ v characteristics of the
memcapacitor is designed by using a current feedback operational amplifier, multiplier and other devices. The
emulator does not need to be converted by any memristor or meminductor. It can work in floating or grounding
state. The constitutive relation of the memcapacitor emulator is deduced, and the circuit parameters of the
emulator are designed. Based on the simulations and experimental results, the pinched hysteresis loop and its
dependence on frequency are verified. In addition, the range of the memcapacitance under periodic signal
excitation is discussed and the influence of periodic excitation signal on the range of memcapacitance is
analyzed. Through observing the dynamic route map (DRM) of the memcapacitor, its nonvolatility and the
stability of the equilibrium point are also studied. The simulation results show that the memcapacitor can
exhibit infinite stable equilibrium points and can be stabilized at any equilibrium state. With respect to pulse
excitation signal, the effects of pulse width and amplitude on the switching on or off of the state for the
memcapacitor is analyzed, and the corresponding switching method and rule are proposed. This characteristic of
memcapacitor makes it have potential applications in non-volatile memory, neural network and other fields.
Based on the proposed memcapacitor model, a multivibrator circuit is designed. Then, the working principle of
the oscillator is analyzed, and the equation of oscillator is derived. The output voltage of the oscillator, the
terminal voltage of the memcapacitor, the flux and the charge of the memcapacitor, and the pinched hysteretic
curve of the memcapacitor during oscillation are tested experimentally. Besides, various oscillation waveforms
whose frequency and duty cycle are different are observed and further analyzed. The circuit structure of the
memcapacitor multivibrator designed in this paper is very simple. It can generate stable rectangular wave

signals with controllable frequency and duty cycle, and it can be used in testing signal or driving the device.

Keywords: memcapacitor, non-volatility, multivibrator
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