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1. Introduction

The circuit elements in the real world should con-
tain nonlinear characteristics. The SPICE can treat
nonlinear elements, however the standard method of
SPICE cannot obtain frequency characteristics easily.
In this study, we propose a method to analyze nonlin-
ear circuits and to obtain the peaks of the frequency
characteristics of the circuit by using the sine-cosine
circuits [1] and the ABM function of SPICE. Com-
puter simulation results for a ladder circuit including
nonlinear capacitors show that the proposed method
can successfully obtain the peak frequencies.

2. Nonlinear Capacitor

The characteristic of the electric current which flows
through a capacitor can be indicated as

i = dg/dt = (9q/dv)(dv/dt) (1)

From this, the characteristic of a nonlinear capacitor is
expressed with an expression using ¢ and v as Eq. (2).

v==G(q) =aq+ bg? + cg® (2)

We expand 7, ¢ and v to Fourier series, and obtain the
coefficients of the voltages by using the trapezoidal
formula as follows.

2m
Vop—1 = 1/7‘(‘/ (G(q) cos k6)dbo
0
—  (1/2K)(Go + Gax) + (1/K)(Gh cos kb,
+Gocoskbsy + ... + Gag_1 cos kGQK_1I3)
27
Vor, = 1/71‘/ (G(q)sinkQ)dG
0
= (1/K)(Gycoskb,

+Gocoskby + ... + Gog—1 cos kGQK_l)(4)

3. Simulation Result

Figure 1: Circuit model. L=0.1[H] R =0.1[Q] (for low Q)
and 0.055[Q] (for high Q). Capacitor is linear C=1.0[F] or
nonlinear G(q) = q + 0.8¢°.

The circuit model is shown in Fig. 1. The circuit is
forth-order RLC ladder circuit. We consider the cases
that the capacitors are linear and nonlinear and the
resistors are large (low Q) and small (high Q).

Figure 2 shows the sine-cosine circuit for this circuit
model. Figures 3(a) and (b) show the obtained fre-
quency characteristics for the cases of the linear and
the nonlinear capacitors, respectively. After obtain-
ing these frequency characteristics, we detect the peak
values by using the algorithm combining the differen-
tiator and the nonlinear limiter [2]. The peak values
for nonlinear and high Q are obtained as Peak 1 =
0.998, Peak 2 = 0.720, and Peak 3 = 0.361.
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Figure 2: Sine-cosine circuit.
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Figure 3: Frequency characteristics. (a) Case for linear
capacitor. (b) Case for nonlinear capacitor.

4. Conclusions

In this study, we have proposed a peak search algo-
rithm for nonlinear circuits. Simulation results showed
that the proposed algorithm could detect peak values
of the nonlinear ladder circuit.
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