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Abstract

The paper describes a method of modeling linearst@imonary capacitors
and inductors in PSpice. The capacitance or indgetés generally varying
in time according to a law which can be describitdee by an analytical
formula or by a set of points, acquired by measer@gmThis method is
verified by comparing the simulation results ofaangle circuit in OrCad
PSpice with the results from Micro-Cap, which eeshbdlirect modeling of
the time-varying capacitances and inductances.

1 Introduction

The impossibility of a direct simulation of circsiitvith time-varying capacitors and inductors
belongs to well-known limitations of the PSpice gmaim [1]. This program enables only the
modeling of nonlinear polynomial capacitance/vadtaand inductance/current relations [2].
By means of tools of behavioral modeling, geneaallimearities can be modeled additionally
on the assumption that the component parametetsra@envariant [3].
From this point of view, there is a problem if oneeds a transient analysis of parametric
circuits in which the storage components vary thanameters according to a function of time
that is periodical in most cases. This function banavailable in the analytical form or as a
set of measured points.
It is well-known that the common equations
d. : d

v (t) = LEIL(t), ic(t) = Cavc (t) (1)
are not true when capacitances and inductancedimaeevarying [4]. More complicated
equations must be used for such cases:

d, e d o .d
v, (t) —E(L(t)h(t)) = L(t)ah(t) + 'L(t)a L(t) o
o d _..d d
ic(t)= E(C(t)vc () = C(t)avc (t) +ve (t)aC(t)

However, there are two reasons why the above emsatire not a proper starting point for
PSpice modeling:

1. They contain the time derivatives of variablesand C. While modeling theL and C
variables versus time via a look-up table, then gleze-wise approximation in PSpice
leads to time-discontinuous derivatives. It caralsurce of potential problems during the
simulation including the convergence problems.

2. ThelL aC variables as functions of time still appear in dguations. That is why these
components cannot be modeled by conventional PSpitage components.



In this paper, a simple procedure is described tooavercome both problems, including the
possibility of defining the initial conditions, i.éhe inductor current and the capacitor voltage
at time 0. The procedure is valid for linear timgyingL andC devices.

2 L(t) and C(t) modeling

The integration of differential equations (2) wgbbsequent simple arrangement will yield
the equations of time-varying inductor and capagitdhe integral form:

t t
L(0)i, (0) + j v (t)dt C@O)v. (0) + j i (t)dt

0 —_ 0

0 , L(t) # 0, v (t) co ,C(t)#0. (3a, b)

It follows from these equations that the inductan de modeled by a controlled current
source and the capacitor by a controlled voltagecso The value of inductor current at a
concrete time instance is given by the initial eabf the product of current and inductance,
by the integral of voltage, and by the instantaseaalue of inductance. Similarly, the value
of capacitor voltage at a concrete time instanagvien by the initial value of the product of
voltage and capacitance, by the integral of curramid by the instantaneous value of
capacitance. It is necessary to ensure that nditleecapacitance nor the inductance are zero
at any time instance during the simulation. Howeiteés a common limitation in the PSpice
program.
A demonstration of the Spice subcircuit for modglthe inductor based on Eq. (3a) is in
Table 1. The following function is used for modelithe time-varying inductance:

L(t) = L, (L+ 08sin(27f,1)), L, =1mH, f, = 50kHz. (4)

i (t) =

.subckt inductor + - params: 1L0=0

func L(time) {1m*(1+0.8*sin(2*pi*50k*time))}
geurr + - value={(sdt(V(+,-))+I1LO*L(0))/L(time)}
.ends

Table 1. Spice subcircuit for modeling L(t) according t9.(4

The inductance is modeled via the user-definddnction. The inductor current according to
(3a) is generated by th@-type current source. The stand&dT function of PSpice is used
to integrate the inductor voltage. The subcircai ©e called with the ILO parameter, which
indicates the initial current of the inductor.

A similar subcircuit for modeling the capacitor aming to Eqg. (3b) is in Table 2. For
illustration, the time dependence of the capaatgow modeled via a look-up table. At time
0, the capacitance is 5nF, after 1ns it is propodily increased to 10nF, keeping this value
till the time of 1us. Then it falls linearly to 5nfithin a time slot of 1ns.

.subckt capacitor + - params: VC0=0

func C(time) {TABLE(time,

+ 0, 5nF, 1ns, 10nF, 1us, 10nF, lus+1ns, 5nF)}
Ec + - value={(sdt(I(Ec))+VC0*C(0))/C(time)}
.ends

Table 2: Spice subcircuit for modeling the time-varying aejpance by piece-wise-linear
function.



A drawback of theTABLE function consists in the inability of making thiené-domain

function periodical. This can be overcome by &tricwhich the time-varying capacitance or
inductance is modeled in PSpice as a signal inftlmen of voltage or current by an
independenY- or |- source, associated with tRE\L attribute. A demonstration is in Table 3.

.Ssubckt capacitor + - params: VC0=0
.param CO 5nF

Vcc 0 PWL

+ REPEAT FOREVER

+(0, {C0})

+ (1Ins, 10nF)

+ (1us, 10nF)

+ (lus+1ns, 5nF)

+ (2us, 5nF)

+ ENDREPEAT

Ec + - value={(sdt(I(Ec))+VC0*C0)/V(c)}
.ends

Table 3: Model of periodically varying capacitance; thekadp table is defined within one
repeating period.

3 Examples of computer simulation

Let us consider the benchmdL circuit in Fig. 1. In the first step, the capacihas a fixed
capacitance of = 7.5nF whereas the inductance varies in timerdaog to formula (4). The
transient phenomenon caused by applying the batenyalyzed. The initial conditions are as
follows: v¢(0) = OV andi (0)= 0, 1mA, and 2mA.

Fig. 1: Benchmark circuit with time-varying storage coments.

The analysis in OrCad PSpice A/D program v. 15idguthe inductor subcircuit from Table 1
leads to the results in Fig. 2. The voltage andeturwaveforms converge to a periodical
steady state with a repeating period ofi20It corresponds to the frequency of variation of
the inductance values. Since the analytical satutid this circuit is complicated, the
simulation results have been compared to those beno-Cap program v. 9 [5], in which
the models of time-varying storage components aeetty implemented. In Micro-Cap, two
circuits have been analyzed simultaneously: theutirwith the utilization of Micro-Cap
models, and the original circuit from PSpice, whosedel bas been exported into Micro-Cap
as a Spice netlist. The results are virtually ightwith small differences of less than
fractions of percentage points.
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Fig. 2: Results of transient analysis of circuit from Figfor C = 7.5nF and time-varying
inductance according to Table 1, for initial coraisi_(0)= 0, 1mA, and 2mA.

In the next step, the capacitor wi@ = 7.5nF was replaced by a time-varying capacitor
according to Table 3, when the capacitance is &mhglvery microsecond between the values
of 5nF and 10nF. The resulting waveforms generbyeBSpice are in Fig. 3. The agreement
with Micro-Cap is again excellent.
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Fig. 3. Results of transient analysis of circuit in Fig.fdr time-varying inductance and
capacitance according to Table 1 and Table 3 anzkfo initial conditions.

4 Conclusions

An effective method of modeling time-varying stagagpbmponents in PSpice is described in
the paper. The time dependence can be modeled thematical formulae or via look-up
tables, acquired e.g. by measurements. In all ogeacases, it is possible to periodize these
L andC time-domain functions. The method described c&e &dvantage of the transient
analysis of a number of parametric circuits whoseration is based on parametric control of

storage components.
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