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Abstract — The nonlinearity in Chua’s oscilla-
tor is commonly implemented as a three-segment
piecewise-linear resistor. The piecewise-linear na-
ture of the element means that the implementation
requires a significant amount of circuitry and the
speed of operation is limited. The qualitative be-
havior of Chua’s oscillator has also been captured
using a smooth cubic nonlinearity; the implementa-
tion of the latter also requires a significant amount
of circuitry and suffers from limited speed of opera-
tion.

This work describes a novel implementation of
Chua’s oscillator using just four transistors and a
battery to produce a cubic-like nonlinearity. The
circuit is simple, robust, and capable of operating
at frequencies over one thousand times that of the
original Chua’s oscillator.

1 Introduction

Chua’s oscillator [1, 2, 3] is one of the simplest elec-
tronic circuits that is capable of producing chaos.
It can exhibit a vast array of behaviors including
an assortment of attractors, bifurcations and routes
to chaos [4]. This makes it an ideal paradigm for
teaching about nonlinear dynamics and chaos [5].

Chua’s oscillator, shown in Fig. 1, is described
by three differential equations:
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where G = 1
R and f(·) is the driving-point charac-

teristic of the nonlinear resistor, commonly referred
to as a “Chua diode”.

1.1 Piecewise-linear Chua diode

The original piecewise-linear version of the nonlin-
earity is given by

f(V ) = GbV +
1
2
(Ga − Gb)

(
|V + E| − |V − E|

)
,
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Figure 1: Chua’s oscillator.

where Ga and Gb are the slopes of the character-
istic in the inner and outer regions, respectively,
and the breakpoints are at ±E, as shown in Fig. 2.
A robust implementation of the nonlinearity using
two op amps and six resistors has already been de-
scribed [6].

Figure 2: Driving-point characteristic of a
piecewise-linear Chua diode.

The piecewise-linear nature of the nonlinearity
means that the implementation requires a signifi-
cant amount of circuitry (the two op amps contain
at least twenty transistors) and the speed of oper-
ation is limited (to about 10 kHz) by the compen-
sation capacitors in the op amps.

1.2 Cubic Chua diode

The qualitative behavior of Chua’s oscillator has
also been captured using a smooth cubic nonlinear-
ity:

f(V ) = GaV − Ga

Vmax2 V 3,



where Ga is the slope of the characteristic at the
origin and ±Vmax are the outer zeroes, as shown in
Fig. 3(a). An implementation of this nonlinearity
uses an op amp, two analog multipliers, and five
resistors [7].

Figure 3: Driving-point characteristic of a cubic
Chua diode.

Once again, the implementation of the nonlinear-
ity requires a significant amount of circuitry and
suffers from limited speed of operation due to the
compensation capacitor in the op amp.

Another implementation of the nonlinearity [8]
uses a single–ended differential pair, three current
mirrors and a current source to achieve an approx-
imately cubic shaped characteristic.

1.3 Four-transistor “cubic-like” Chua
diode

The four-transistor realization of a Chua diode with
cubic-like nonlinearity that we propose is shown
in Fig. 4. The circuit can be visualised as a pair
of cross-coupled CMOS inverters. This subcircuit
is characterized by low parasitic capacitance and,
when used as a Chua diode, the resulting Chua’s
oscillator can operate in the MHz frequency range.

2 Experimental Results

Figure 5 shows the measured driving-point char-
acteristic of the “cubic-like” Chua diode shown in
Fig. 4. The Chua diode was constructed with a
Dual Complementary Pair Plus Inverter chip1 pow-
ered by a 9 V battery. The slope at the origin of
the driving point characteristic, Ga, was measured

1Fairchild Semiconductor CD4007CN, selected for its low
parasitic capacitance.
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Figure 4: Our four-transistor cubic-like Chua diode

to be -1.375 mS. To achieve maximum speed of op-
eration using this Chua diode, the parasitic capac-
itance across its terminals was used as the circuit
element C1 in Chua’s oscillator; this parasitic was
measured to be 49 pF.

Figure 5: Measured “cubic-like” driving-point char-
acteristic taken from a Tektronix TDS 5054 Dig-
ital Phosphor Oscilloscope. Horizontal axis: VR

2 V/div; Vertical axis: IR 2 mA/div.

Figure 6 shows a period–4 oscillation as well as
single–scroll and double–scroll attractors achieved
from a Chua circuit using our new Chua diode.
These results were obtained by constructing a
Chua’s oscillator using the cubic-like characteristic
of Fig. 5 (with Ga = -1.375 mS and Vmax = 9 V)
and the component values C1 = 49 pF (parasitic
capacitance of the Chua diode), C2 = 537 pF, L =
29.4 µH, R0 = 9.17 Ω and R = 0.85 kΩ. This Chua
circuit has a period–1 frequency of approximately
1 MHz making it nearly one thousand times faster
than any previously described Chua oscillator.



3 SPICE simulations

Figure 7 shows a simulated period–4 oscillation as
well as single–scroll and double–scroll attractors ob-
tained in PSpice [9]. We have simulated the Chua’s
oscillator shown in Fig. 1, using the “cubic-like”
Chua diode of Fig. 4 with component values C1 =
49 pF, C2 = 537 pF, L = 29.4 µH, R0 = 9.17 Ω
and R = 0.922 kΩ (period–4), R = 0.9 kΩ (single–
scroll) or R = 0.88 kΩ (double–scroll); Horizontal
axis V1; Vertical axis V2. The SPICE Level 3 tran-
sistor model parameters are given as follows:

.model nmos Level = 3, L = 10u, W = 35.4u,
VTO = 1V, lambda = 0, kp = 111u

.model pmos Level = 3, L = 10u, W = 70.8u,
VTO = -1V, lambda = 0, kp = 55.5u

4 Conclusion

We have introduced a simple four-transistor imple-
mentation of a Chua diode which has a cubic-like
driving-point characteristic and low parasitic ca-
pacitance. Using this Chua diode, which is both
cheap and easy to construct, a Chua’s oscillator
can be constructed which displays the bifurcations
and chaos associated with previous more complex
circuits. All results obtained in experiment have
been verified with PSpice simulations.

The implementation of Chua’s oscillator with our
new four-transistor Chua diode is easy. A standard
4007 inverter package is used along with two ca-
pacitors, C1 and C2, an inductor, L, and a variable
resistor. The circuit is powered with the 9V bat-
tery. This circuit can be constructed quickly, easily
and for a total cost of less than $5, making it ideal
for those wishing to investigate and demonstrate
the behaviour of chaos in electronic circuits. More
details on this implementation of Chua’s oscillator
appear in [10].
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Figure 6: Measured period–4 oscillation, single–
scroll and double–scroll attractors obtained from
a Chua’s oscillator with our cubic-like character-
istic of Fig. 5 and component values C1 = 49 pF
(parasitic capacitance of the Chua diode), C2 =
537 pF, L = 29.4 µH, R0 = 9.17 Ω with R =
0.87 kΩ (period–4), R = 0.86 kΩ (single–scroll) or
R = 0.85 kΩ (double–scroll). Horizontal axis V1 =
2 V/div ; Vertical axis V2 = 500 mV/div. Recorded
from a Hameg HM407-2 Analog Oscilloscope.
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Figure 7: Simulated period–4 oscillation as well as
single–scroll and double–scroll attractors obtained
from PSpice by constructing a Chua circuit using
our four-transistor Chua diode. Component values
C1 = 49 pF, C2 = 537 pF, L = 29.4 µH, R0 = 9.17 Ω
with R = 0.922 kΩ (period–4), R = 0.9 kΩ (single–
scroll) or R = 0.88 kΩ (double–scroll); Horizontal
axis V1; Vertical axis V2.




