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Abstract characteristics of the circuits. Computer simulation results

show that the circuits have several peaks on the frequency

For designing PCBs (printed circuit boards), it is very iMsharacteristics curves depending on the number of the non-
portant to find out the locations and the frequencies givifgear elements.

large peak values of the voltages. The case frequency is very

large, we have to treat the wire line in the PCBs as transmis-

sion line. We apply the nonlinear elements for that transmis- Simulation Results of Frequency Response

sion line. In that case, the frequency characteristics become

distorted, compared with linear circuits. If the distortion be- In this article we set the value of resistor, inductor and lin-
comes large, the characteristics has unstable region. In #i#s capacitor aR = 0.01[Q], L=0.1[H],C; = C, = C3 =
article, the SPICE-oriented algorithm based on HB (harmorig=1[F]. We set the characteristics of nonlinear capacitor
balance) method, which has been proposed by the authorg,is= C, = C3 = C; asv(g) = g + 0.89°. The value of
applied to some LRC ladder circuits including nonlinear c& = 0.01][Q?] is enough to be high Q circuits in our models.
pacitors in order to show the applicability of the algorithrthe results of frequency response in the followings are volt-
and to investigate complex frequency characteristics of thges ofC, in all examples.

circuits.

. 2.1. Ladder circuit with one nonlinear capacitor
1. Introduction

: . . - First, we analyze LRC ladder circuit including only one
In our algorithm, we apply the sine-cosine circuit [1][2 . . - -
) onlinear capacitor as shown in Fig. 1. Note that four circuits
based on HB (harmonic balance) method. The HB method I5-. . . A " .
well-known method for the frequency domain analysis. The, o 1 have nonlinear capacitors irffrent positions. Fig-
X . 1€ Irequency YSIS- e 2 shows the simulation results of peak search and tracing
Fourier transformation circuit [3] is used to obtain the re-

sponse of nonlinear elements. Althouah thev may be fou%lérve of the frequency characteristics for four ladder circuits
P . . 9 y may | in"Fig. 1. The simulation results show that each circuit has

by the standard transient analysis of SPICE, it fdlilt to S . L

! : at least one resonance. By combining nonlinear limiter in the

find the exact peaks when the quality fact®) (s very large.

; a{I orithm, we can analyze exact peaks even when the reso-
Because we may pass over them if we choose a large s g

size. In order to avoid this problem, we apply théfefientia- Sur\/(;es is too sharp. There are not unstable regions in these

tor and the nonlinear limiter [4]. Furthermore, the frequency '

characteristics of nonlinear circuits often have unstable re-

gions. Such regions cannot be obtained the standard methpds | adder circuit with two nonlinear capacitors

using SPICE. In order to avoid this problem, we apply the

STC (solution trace circuit) [5][6]. By combining the sine- Next, we analyze LRC ladder circuit including two nonlin-

cosine circuits, the Fourier transformation circuit, the nonliear capacitors as shown in Fig. 3. The simulation results are

ear limiter and the solution tracing circuit, we can analyze tshown in Fig. 4. In this case, the curves have two resonances

frequency response even if the curve has unstable region antkast. Although it is unclear in the figure, the resonance

obtain more exact peaks compared with common analysioturs between 84d/s] and 12fad/s] of w in Fig. 4(c). All

SPICE [7]. curves in Fig. 4 have unstable regions. It is interesting that
In this article, we apply the SPICE-oriented algorithntwo different types of resonances exist in the curve. Namely,

which has been proposed in [7], to some LRC ladder circuétbnost resonance curves have positive second derivative to

including nonlinear capacitors in order to show the appliceeach the peaks, while some have negative like the second

bility of the algorithm and to investigate complex frequenagsonance in Fig. 4(e).
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Figure 1: LRC ladder circuit with one nonlinear capacitor.
(a) C1 is nonlinear capacitor. (b}, is nonlinear capacitor.
(c) Csis nonlinear capacitor. (d}4 is nonlinear capacitor.

2.3. Ladder circuit with three nonlinear capacitors

Next, we analyze LRC ladder circuit including three non-
linear capacitors as shown in Fig. 5. The simulation results
are shown in Fig. 6. In this case, the curves have three res-

onances at least. In Fig. 6(b), the resonance occurs between S

8[rad/s] and 10fad/s] of w. It is very interesting that the
circuit in Fig. 5(b) has very complex frequency characteris-
tics curve like Fig. 6(b).
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Figure 2:Simulation results for ladder circuitin Fig 1. (a) Re-
sults of Fig 1(a). (b) Results of Fig 1(b). (c) Results of

Fig
3. Conclusions

We analyzed 14 patterns of fourth order LRC ladder
circuits including some nonlinear capacitors by using the
SPICE-oriented peak search and curve tracing algorithm. By
including nonlinear limiter, we find some small resonances
which we can not see at first sight. For example, Fig. 4(c)
and Fig. 6(b) have the region in which points gather near
V = O[V]. We investigate such regions from this reason a
can find some small resonances.

From the analysis, we obtained several interesting phenom-
ena described in Sec. 2. The analysis of unstable regions of
the frequency curves in detail is our future research. [3]
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1(c). (d) Results of Fig 1(d).
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Figure 3: LRC ladder circuit with two nonlinear capacitors. @) andC, are nonlinear capacitors. (&, andC; are
nonlinear capacitors. (6}, andC,4 are nonlinear capacitors. (€, andC3 are nonlinear capacitors. (€, andC, are
nonlinear capacitors. (ff3 andC,4 are nonlinear capacitors.
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Figure 4:Simulation results for ladder circuit in Fig 3. (a) Results of Fig 3(a). (b) Results of Fig 3(b). (c) Results of Fig 3(c).
(d) Results of Fig 3(d). (e) Results of Fig 3(e). (f) Results of Fig 3(f).
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Figure 5:LRC ladder circuit with three nonlinear capacitors. @@) C, andCs are nonlinear capacitors. (&), C, andCy
are nonlinear capacitors. (€}, C3z andC,4 are nonlinear capacitors. (@), C; andC, are nonlinear capacitors.
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Figure 6:Simulation results for ladder circuit in Fig 5. (a) Results of Fig 5(a). (b) Results of Fig 5(b). (c) Results of Fig 5(c).
(d) Results of Fig 5(d).
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