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Abstract—We propose a chaotic oscillator based
on multi-hysteresis two-port voltage-controlled current
sources (2P-VCCSs). In particular, we propose a novel
method to obtain a multi-hysteresis VCCS with multiple
switching points in its hysteresis characteristic. The pro-
posed chaotic oscillator can have a complex chaotic attrac-
tors with many switching points. Moreover, we propose
a fully-differential integrated circuit technique that imple-
ments the proposed multi-hysteresis VCCS. We also imple-
ment a fully-differential 2P-VCCS chaotic oscillator circuit
using the multi-hysteresis VCCS circuits. With these cir-
cuits, we can obtain a variety of chaotic dynamics by modi-
fying hysteresis characteristics through the external control
voltages. We make a prototype integrated circuit for the
proposed chaotic oscillator with TSMC 0.35 µm CMOS
semiconductor process. Through SPICE simulations and
measurements on the prototype chip, we confirm a variety
of dynamics from the proposed circuit.
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1. Introduction

A chaotic oscillator based on two-port voltage-
controlled-current-sources (2P-VCCSs) has been pro-
posed, and rigorously analyzed with a piecewise-linear
technique [1]–[4]. The circuit is suitable for an implemen-
tation as an integrated circuit, because it includes no bulky
inductors. On the other hand, multi-hysteresis chaotic cir-
cuits have been proposed [5, 6].

We have proposed a hysteresis 2P-VCCS chaotic inte-
grated circuit [7, 8]. We then extended the proposed circuit
to a compact fully-differential configuration, which has ad-
vantages over its single-ended counterpart such as a large
dynamic range, low common-mode noise, and less even-
oder harmonic distortions [9]. We have fabricated proto-
type chips for theses circuits with TSMC 0.35 µm CMOS
semiconductor process [8, 9]. We have observed a vari-
ety of interesting dynamics including a quad-screw attrac-
tor from the prototype chip.

In this paper, we further extend the original 2P-VCCS
chaotic oscillator to have a multi-hysteresis characteristic.
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2. Multi-Hysteresis VCCS Circuit
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Figure 1: (a) A configuration of a multi-hysteresis VCCS
circuit, and (b) the vid-iOi characteristic of constituent
single-hysteresis VCCS circuits (Ei: threshold voltages, Ii:
saturation currents, and 1 ≤ i ≤ n).
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Figure 2: (a) Three constituent single-hysteresis VCCS
characteristics, and (b) the resulting multi-hysteresis VCCS
characteristic.
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3. Multi-Hysteresis 2P-VCCS Chaotic Oscillator
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Figure 3: The multi-hysteresis 2P-VCCS chaotic oscillator.
The single-ended configuration is shown for simplicity.
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Figure 4: The horizontal screw attractor when we use the
multi-hysteresis characteristic of Fig. 2. (±E1 = ±0.1,
±E2 = ±0.7, ±E3 = ±1, ±I1 = ±0.2, ±I2 = ±0.6,
±I3 = ±0.2).
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Figure 5: (a) The fully-differential multi-hysteresis VCCS circuit, and (b) the single-hysteresis circuit used in (a).
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Figure 6: The fully-differential linear VCCS circuit.

4. Integrated Circuit for Multi-Hysteresis 2P-VCCS
Chaotic Oscillator

We implement the circuit in Fig. 3 into a fully-
differential integrated circuit form using the technique pro-
posed in [9].

Intentionally left blank for a patent application.

The prototype integrated circuit was fabricated through
TSMC 0.35 µm CMOS semiconductor process with power
supply voltages of VDD = 2.5 V and VSS = −2.5. The

Intentionally left blank for a patent application.

Figure 7: The schematic of the fully-differential multi-
hysteresis 2P-VCCS chaotic oscillator implemented in the
prototype chip.

photomicrograph of the prototype chip is shown in Fig. 8.
The size of the circuit is 460 µm × 820 µm where the two
capacitors take most of the chip area.

5. Simulation and Experimental Results

The SPICE simulation and experimental results for the
multi-hysteresis characteristics, when we set Vhe1=0.9 V,
Vhe2=1.3 V, Vhe3=1.3 V, and Vhi=1.2 V in Fig. 5, are shown
in Fig. 9.

Furthermore, circuit simulation and experimental results
on the prototype chip for sextuple-screw attractors are com-
pared in Fig. 10.

6. Conclusions

We have proposed the multi-hysteresis VCCS circuit
which can have many switching points and routes in its hys-
teresis characteristic. Furthermore, we have proposed the
multi-hysteresis 2P-VCCS chaotic oscillator circuit, and
its fully-differential integrated circuit implementation. The
prototype chip has been fabricated through TSMC 0.35 µm
CMOS semiconductor process. As a result, we experimen-
tally observed hysteresis characteristics and chaotic attrac-
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Figure 8: The photomicrograph of the prototype chip.
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Figure 9: The io-vid characteristics of the multi-hysteresis
VCCS circuit obtained from (a) SPICE simulation, and (b)
measurement on the prototype chip.

tors compatible to those obtained from the SPICE simula-
tions.
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Figure 10: Sextuple-screw attractors obtained from (a)
SPICE simulation, and (b) measurement on the prototype
chip.
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