MEMCAPACITOR MODELING IN MICRO-CAP

Dalibor Biolek’?, Zderek Biolek?, and Viera Biolkov&
Y University of Defence Brno, Kounicova 65, Brno, €zdRepublic
2)Brno University of Technology, Antoninska 1, Bri@zech Republic
¥ SSIRR, Skolni 1610, Roznov p.R., Czech Republic
fax: +420 973443773, e-mail: dalibor.biolek@unobldtp://user.unob.cz/biolek

ABSTRACT:

The SPICE model of memcapacitor is developed amdeimented in Micro-Cap
10. The model is related to the charge-controllemcapacitor, the capacitance
of which is controlled by the amount of electricaolpe conveyed through it. The
model implementation is in the form of macro fiémabling a selection of several
types of window functions for modeling the boundaeffects in nano-
components. Results of transient analysis cledrbwsbasic fingerprints of the
memcapacitor.
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1 INTRODUCTION

In 1971, Leon Chua introduces the so-called meor{st memory resistor) to the modern
circuit theory [1]. 37 years later, the solid-statemristor was fabricated in HP laboratories
[2]. It led to a sharp rise of interest in memxistisystems [3] in both the technological and
the application domains. In December 2008, Chuggses other hypothetical “mem-
elements” from the nano-world, the memcapacitor areminductor. Since all the above
elements are not currently available as off-thdfstievices, the role of modeling them
increases, particularly with the aim of implemegtsuch models in the current programs for
circuit simulation.

One of the first SPICE models of memristor and negpacitor were described in [4] and
[5], respectively, starting from the general metblody given in [6]. These models were
implemented in PSpice.

In this paper, the model of the memcapacitor, desdrin [5], was extended and
implemented in Micro-Cap 10, the worldwide usectwir simulation program [7], which
enables, among other things, the so-called intemeanalyses. The model, described for the
first time in [5] by the authors of this papergestended by virtue of new features, which can
offer Micro-Cap 10 in comparison with OrCAD PSpjmegram. The model implementation
is in the form of macro file, enabling a selectmmong Joglekar, Biolek, and user-defined
window functions for modeling the so-called boundeffects in the nano-components [4],
[8], [9]. The model is related to the so-called rgggacontrolled capacitor, the capacitance of
which is controlled by the amount of electric cleaopnveyed through it. This charge affects



the width of the dielectric. The results of tramsieanalysis clearly show three basic
fingerprints of the memcapacitor: unambiguous darigin relation [5], the hysteretic effect
in the Coulomb-Volt characteristic, and the idestitme instants when the voltage and
charge waveforms cross zero levels.

2 SPICE-ORIENTED MEMCAPACITOR MODEL

The charge-controlled memcapacitor is characterigethe following port equation (PE)
and first-order state equation (SE) [5]:

PE:v=D,, (x,q,t)q, SE:X:;XZ f,(x,q,t), (2)

wherev andq are electric voltage and charge of the memcapat¥kg = 1/Cy is an inverse
memcapacitance an@y is a memcapacitance, amxdis an internal state variable of the
memcapacitor. Charge-controlled memcapacitor ipexial type of time-varying capacitor,
(inverse) capacitance of which depends on the giemindicated in Eq. (1).

The well-known relation between the voltage andentrof the time-varying capacitor
t t
v(t) = Dy, (DIC,, O)V(O) + [i(£)dé] =[C,, (OV(0) + [1(6)dE]/C,, (1), 2)
0 0

wherev(0) andCy(0) are initial voltage and capacitance of the megpacitor at timd = 0,
can be a starting point of the SPICE model, schiealBt described in Fig. 1.
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Fig. 1: Block diagram of the SPICE model of charge-cdigtbmemcapacitor

Equation (2) is modeled via a voltage source wigchontrolled from the block labeled as
“v()". The input data of this block are time-domaitegral of current, i.e. chargg the initial
voltagev(0), and the inverse memcapacitance as a funcfiammarge and state The state
variable is computed from the differential SE (1hieh is modeled using the block of
nonlinear functiorfy and the integratdnt,.

The above general model can be used for modeliaggebhcontrolled memcapacitors of
arbitrary nature. The contents of the bloékx ) andfy( ) depend on physical principle of
concrete memcapacitor.

The following Section describes a sample examplm@mcapacitor which is included in
the Micro-Cap 10 release [7].



3 MEMCAPACITOR MODEL IN MICRO-CAP 10

The contents of the Micro-Cap macro file of the roapacitor is shown in Fig. 2. The
schematic of a capacitor with moving right-sidet@les accompanied by the basic notes how
the capacitance depends on the position of thie.plde state variabbeis derived from this
position such that it can vary within the inter@l, 1). The state equation from [5] is
considered. It contains the window function for reliy boundary conditions [4-6], [8-9].

MEMCAPACITOR MACRO

Cmax C(t) Cmin X = (I-lmin)/(Imax-Imin) .. state variable from the interval (0,1)

| : I 5 | C(t) .. capacitance of memcapacitor
|
|
|
|
|

D(t) = 1/C(t) = 1/Cmax+ (1/Cmin-1/Cmax)*x(t)
.. inverse capacitance of memcapacitor

Imin dx/dt = k*q(t)*window(x)
<> .. time derivative of the state depends on the charge
% (charge-controlled memcapacitor)
Imax window(x) ..see the text folder for details

.PARAMETERS(Cmin=10n,Cmax=10u,Cinit=100n,k=10meg,p=1,ICO=0,window_type=2)

o i(Eb window*v(charge)*k
plus {DM*(v(charge)+ICO*Cinit)} i(Eb) charge

&
L AN _T_ 1G AN —L 11c=x0 3 1G
Eb Gq Cq I 1 Rq GX Cx I Rshunt
Minus -

SDT(V(Plus,Minus))  SDT(v(charge))

lux intcharge
Eflug'j% E'ntcharg%

*The two lines below define initial state of the meapacitor

*and the controlling law of its capacitance.

*These lines should be modified for another physitglementation of memcapacitor.

.define x0 ((1/Cinit-1/Cmax)/(1/Cmin-1/Cmax))

.define DM (1/Cmax+(1/Cmin-1/Cmax)*Xlimited)

*Window functions

IF window_type=0

.define window sqrt(V(x)-(V(x))"2);user-defined vdaw

;replace this sample expression by your model

.ELIF window_type=1

.define window (1-(2*Xlimited-1)"(2*p));Joglekar wdow

.ELIF window_type=2

.define window (1-(Xlimited-(1-sgn(V(plus,minus@)"(2*p));Biolek window

.ENDIF

.define Xlimited (if(V(x)<0,0,if(V(x)>1,1,V(x))));Mx) limiter

Fig. 2. Complete memcapacitor macro

The current sourc&, together with the one-farad capacit@y and shunting resistd®, for
providing DC path to ground model the integrabot; from Fig. 1 for transforming the
memcapacitor current to charge. The charge valawaslable in the form of the voltage at
node “charge”. The current sourGg together withC, andRsnunt model the integratdnt, for
evaluating the state equation (1). The auxiliarifage sources Eflux and Eintcharge serve for



computing the time-domain integrals of voltage. (ilex) and charge (i.e. TIQ, time-domain
integral of charge). These quantities, which argartant constitutive variables of the
memcapacitor, can be then easily visualized irsteart analysis results.

4 EXAMPLE OF ANALYSIS

Results of transient analysis of memcapacitor drilog pulse-waveform voltage source
with the internal resistance of 1(rare presented in Fig. 3.
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Fig. 3: Transient analysis of memcapacitor excited bg@uwbltage source: (a) constitutive relation, (b)
waveforms of input voltage V(memJ), charge V(XJrge, and flux V(XJ.flux), (c) time evolution ofate
variable V(XJ.X) and memcapacitance, (d) Volt-Coolphysteretic characteristic



The memcapacitor has the following parametefGiin=50 nF, Cnax= 200 nF,
Cinit = 100 nFICO =0, p = 10, Joglekar window. The 900 ms width and 10riseyfall time
bipolar £1V pulses in Fig. 3 (b) cause the pulseefarms of the charge which modifies the
position of the plate of the memcapacitor. The &gponding variation of the memcapacity is
shown in Fig. 3 (c). The following Fig. 3 (d) defsiche Volt-Coulomb characteristic with
typical pinched hysteresis loop.

5 CONCLUSIONS

The memcapacitor model in Fig. 1 is quite genéragether with Egs. (1) and (2), it can
be used for modeling memcapacitor, the capacitaicehich is controlled via various
physical mechanisms.
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