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Abstract: Two switched capacitor (SC) nonlinear
circuits derived from Chua's circuits are presented in
this paper. These circuits contain SC simulated
nonlinear active resistor and SC simulated inductor
etc. Computer simulation results are also presented
to show the chaotic oscillation generated from these
two circuits. Some related issues are also discussed.

I. INTRODUCTION

Switched capacitor networks (SCNs) have many
advantages such as easy to be implemented in
monolithic IC form, high accuracy, excellent
stability, etc. [1-6]. A large number of papers
related to SCN have been published since 1980's.
Most of the papers deal with about linear SCN,
especially switched capacitor filters (SCFs), and only
a few of them deal with nonlinear SCN.

More than 200 papers, two special issues and a book
on Chua's circuit have been published since its
inception a decade ago[7]. The Chua's circuit shown
in Fig. 1 is a very famous nonlinear autonomous
circuit for research in chaos[7,8]. The circuit shown
in Fig. 2. is the simplest sinusoidal driven dissipative
second-order circuit made up of three linear circuit
elements and a Chua's diode[7,9].

In this paper, two switched capacitor (SC) nonlinear
circuits which were derived from Chua's circuits are
presented. First, some SC simulated elements used in
these two circuits, such as nonlinear active resistor,
linear resistor and inductor, are introduced. Then,
computer simulation results are presented to show
the chaotic oscillation generated from these two
circuits. Finally, some related issues are discussed.

0-7803-3073-0/96/$5.00 ©1996 IEEE

II. SC SIMULATED ELEMENTS

To derive SC nonlinear circuits corresponding to
these two circuits, we should replace each element in
these circuits by an equivalent SC structure. For
linear resistors, the linear SC resistor shown in Fig. 3
is used[1]. The equivalent resistance is:
Ve 1
R, = =

“4oAQe/T, f.C
where V® is the even components of the voltage V,
AQ°=Q®-Q°, Q is the charge, f; is the clock
frequency and T, = 1 / f, . The input signal

frequency f should much less than the clock
frequency f; that means f <<f;

A nonlinear active resistor is a very important
element in Chau's circuit. A novel design method for
SC nonlinear active resistor (SCNAR) circuits was

proposed by the authors[6]. The I~ V characteristic
of the SCNAR is a voltage controlled type with
piccewise linearity.  Its attractive features are
insensitive to parasitic capacitance, easy to adjust the
breakpoint voltage and the slopes, etc. For the non-
autonomous circuit shown in Fig. 2, a SCNAR
shown in Fig. 4 is chosen. Since the average current

1° for each clock period is equal to AQ® /T, , the

1° ~ V€ characteristic of the SCNAR is given by

J+DECyV*-TCyL,V,  V>V,/Ky
I ={-(JKy-T-Df,Cy V* V, /K2 V-V, /Ky
T+DECy VE+ICyEV,  V<=V,/Ky

By connecting two such SCNARs with different Ky
( eg. Kyp and Ky, ) in parallel, we obtain a



SCNAR which may be used in the design of SC
circuit corresponding to the Chua's circuit as shown
in Fig. 1. [6].

For linear inductors, the SC grounded simulated

inductor shown in Fig. 5 and the SC floating

simulated inductor shown in Fig. 6 are used in the
design of SC circuits corresponding to Fig.l and
Fig.2 respectively [4]. The equivalent inductance is:
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III. CIRCUIT SIMULATION

These two SC nonlinear circuits were simulated by
using a nonlinear SC circuit simulation program
named NSCS[5].

For the SC autonomous circuit corresponding to
Chua's circuit shown in Fig.1, with C; = 2.51pF,
C2 =10.0 pF, CR =4.0 pF, CL3 =473 pF,
CN] =10 pF, CN2 =1.0 pF, J1 = 88, JZ = 1,
KNI = 15, KN2 = 4, CLl / CLZ = 0.4 and assuming
Vei(0) = 0.1V, V(0= 0.1 V, V(0)=0.1 V,
computer simulations were performed and the
following results were obtained: the time waveform
of Vy(n) is shown in Fig. 7a., the V (n) versus
V¢i(n) Lissajous figures is shown in Fig. 7b, and
the power spectrum of time waveform V (n) is
shown in Fig 7c.

For the SC non-autonomous circuit corresponding to
the circuit shown in Fig.2, with C; = 13 pF,
C;=125pF, Cg=10pF, C4=15pF, Cy=2.5 pF,
J =1 Ky=4 f(t)=A-Sin(2-n-i/T¢) and
assuming V1(0)=0.1V, V(0) = 0.1 V, V(0) = 0.1V,
computer simulations were performed. The period-
doubling, periodic windows, boundary crisis are
observed as the forcing parameter A is varied. When
Ty = 33 and A is chosen as 0.612, the following
results were obtained: the V() versus Vi(n)
Lissajous figures is shown in Fig. 8a, and the power

spectrum of time waveform Vy(n) is shown in
Fig 8b.

For both SC circuits, the power spectra are noise-like
and different from that of a periodic or quasi-
periodic waveform. These two systems also exhibit

sensitive dependence on initial conditions.
1V. CONCLUSION AND DISCUSSION

Two SC nonlinear circuits have been derived from
Chua's circuits using SC simulated elements.
Computer simulation results show that chaotic
oscillation can be generated from these two SC
nonlinear circuits.

Since SC circuits have their own features and
limitations, we cannot set the parameters in our SC
autonomous circuit exactly equivalent to that of
Chua's double scroll circuit. However, we can
observe some similarities in waveforms, attractors as
well as spectrums between the two.
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Fig. 1 a) The Chua's circuit.
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Fig. 4a. The circuit diagram of the SCNAR.
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b). The i-v characteristic of the
nonlinear resistor.
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Fig. 3 Switched capacitor resistor.
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The 1° ~V® characteristic of the SCNAR.



Fig. 5 The circuit diagram of the SC Fig. 6 The circuit diagram of the SC
grounded simulated inductor circuit. floating simulated inductor circuit
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(a) The time waveform of the V4(n) . (b) The Vy(n) versus V¢ (n)
Lissajous figure,
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(c) The power spectra A of time waveform V(n). (d) Thé VCl(n) versus Vi, (n)
Lissajous figure when Vo=0

Fig. 7 Computer simulation results.
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(a) The Vy(n) versus V;(n) Lissajous figure. (c) The power spectra A in dB of time waveform V(n).

Fig. 8. Computer simulation results.
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