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ABSTRACT 

A means of modulating information signals in both ad- 
ditive and multiplicative ways by chaotic signals is con- 
sidered. The chaotic signals are obtained from neural 
type cells set to  their chaotic oscillation mode. The 
information containing signals are modulated by these 
chaotic signals by introducing each as the input to a 
differential pair. 

1. INTRODUCTION 

Electronic circuits exhibiting well-understood chaotic 
behavior have potential applications in emerging 
classes of complex dynamic electronic networks and 
systems making use of chaotic signals. In particular, 
these circuits can be employed as basic components in 
the VLSI synthesis of neural networks, secure commu- 
nication, and control systems based on chaos synchro- 
nization [1]-[6]. On the one hand the fact that chaos has 
been identified in the sensory information processing 
performed by biological neurons motivates looking for 
artificial neural networks based upon chaotic neurons. 
On the other hand, the self-synchronization property 
that can be achieved in some classes of chaotic systems 
have led to  different implementations of communica- 
tions schemes [1][3]. These focus mainly on chaotic 
masking schemes where chaotic outputs of nonlinear 
circuits are used to  hide information signals. 

The neural type cell (NTC) is one such circuit that is 
inspired from the biological neuron (soma) and which 
can produce chaotic-like pulse coded oscillations by en- 
coding input stimuli (voltage) into pulse rates of an out- 
put signal [7]. The generation and coding of pulses is 
regulated by nonlinear hysteresis characteristics. Since 
its introduction as the basic component in an integrable 
MOS design of neuristors [7], the NTC has been studied 
extensively and has been used as the primary subcircuit 

for the generation of pulses in pulse coded neural net- 
works. In particular, its range of oscillations has been 
improved by using a nonlinear load resistor and its dis- 
crete structure converted to  an all MOS integrated one 
[8][9]. Additionally, it has been shown previously that 
coupled NTCs are capable of generating chaotic-like 
signals and self-synchronization, which are key proper- 
ties, in chaotic communication circuits [lO][ll]. These 
two properties give the motivation for investigating sig- 
nal masking schemes via NTCs. 

This paper presents VLSI circuits for additive and 
multiplicative masking of information signals using 
chaotic-like signals. The additive and multiplicative 
masking schemes are achieved by modulaking the in- 
put and the tail currents of a differential pair, respec- 
tively, with a chaotic-like signal generated by two cou- 
pled NTCs set up to their oscillation mode. PSpice 
simulation runs are done on the circuits to  indicate 
their performances. 

2. THE NEURAL TYPE CELL 

The NTC is an electronic voltage-controlled oscillator 
which produces a train of analog pulses whose shapes 
are determined by the input voltage. When the input 
exceeds a certain DC threshold level, the output signal 
starts to oscillate with a frequency approximately pro- 
portional to  the input signal level. As shown in Figure 
1, the basic NTC circuit contains a capacitor, CL, three 
resistors, R1, Rs, and RL, and three MOS transistors, 
Mnl ,  M,z, and Mpl .  The input voltage is applied at 
the gate of Mnl and the output voltage is measured at 
the drain of Mpl.  Feedback is achieved via. the connec- 
tion between the drain of Mpl and the gate of Mnz. Its 
operation is based upon nonlinear hysteresis character- 
istics given by the source current of Mpl versus V,,, 
[12]. The way to  obtain oscillations in the NTC is to 
pass a load line through the vertical sides of the hys- 
teresis curve to give unstable equilibrium points. Then 
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a capacitor at the node of the junction of the hystere- 
sis and the load line subcircuits gives the dynamical 
behavior. Because a linear resistive load line produces 
pulses over only a limited range of the input voltage, 
the load line subcircuit, RL,  has been previously al- 
tered into a suitable nonlinear MOS resistor given by 
Mp3-Mp5 and Mn5-Mng in Figure 2. This allows for 
a wider oscillation range in the design with the whole 
structure converted to an all MOS transistor circuit 
suitable for VLSI fabrication [8]. In the next section 
we give the all MOS NTC circuit and show how two 
NTC circuits can be coupled to  generate chaotic-like 
signals. 

3. NTC CHAOS GENERATOR 

Figure 2 shows an all MOS transistorized version of the 
NTC of Figure 1 where the transistor Mp6 has been 
added to allow for an inhibitory mode of operation. 
Also, the various nodes for connecting with a second 
NTC are indicated. The generation of chaotic-like sig- 
nals is achieved by coupling two of these NTCs where 
the output of each cell is connected to the control node 
(gate of Mn6) of the transistorized effective RL load of 
the other NTC. The two NTCs are the same, except 
for the two values of capacitance CL which will be set 
to two different values for use in generating chaotic- 
like signals for the modulators. The basic idea is the 
use of bidirectional feedback in the coupled NTCs that 
is controlled by the output capacitors and the differ- 
ences in pulse repetition rates of the two NTCs' self- 
oscillations. Previously obtained results [lo] indicate 
that chaos-like behavior most strongly shows up in the 
number of pulses occuring in repetitive intervals rather 
than in amplitude variations. These results also show 
that although chaos-like response can be obtained with 
a single NTC, two coupled ones are more easily ad- 
justed to sustain the chaotic-like behavior. 

4. CHAOTIC PULSE CODED 
MODULATOR 

Chaotic signal masking has recently emerged as one of 
the new application of chaos in communications. The 
basic idea behind the chaotic masking treated here is 
to  modulate the information signal by direct addition 
or multiplication. At the receiving end the information 
could be recovered after some signal processing opera- 
tions. 

The Additive Modulator 
r 

The main components of the additive modulator cir- 

cuit of Figure 3 are the two NTC subcircuits (NTC1 
and NTC2) coupled together to generate a chaotic-like 
signal and the differential pair subcircuit shown in Fig- 
ure 4. The NTC subcircuits are identical except that 
NTCl has CL1 = 0.01 nF and NTC2 has C L ~  = 0.03 
nF. These are coupled as explained in section 3 so that 
the loads jump around on the hysteresis. Also, dy- 
namics are inserted a t  the output node of each NTC 
via Gout which is set to CoUtl = 0.1 pF for NTCl and 
CoUt2 = 1 pF for NTC2. The chaotic signal applied to  
the noninverting input of the differential pair acts as 
the masking signal to the information signal (sinusoid) 
applied at the inverting input of the differential pair. 
The differential pair tail current is set by the adjustable 
voltage = -3 V. The output voltage is a scaled 
version of the sum of the two differential pair input 
voltage signals. A test stage, composed of an inverter 
and a load resistance R1, is added in Figure 3 at the 
output for measurement purposes. 

The Multiplicative Modulator 

The multiplicative modulator, given in Figure 5, is 
similar to the additive one except that now the infor- 
mation signal is applied at the tail of the differential 
pair and the inverting input is biased at -2 V. The re- 
sulting output signal is the product of the two signals. 
As in the additive modulator, a test stage is added to  
measure the output signal. 

5. SIMULATION RESULTS 

PSpice simulations shown in Figures 6 and 7 were run 
with the two modulator circuits where the information 
signal is a sinusoid of -3 V offset voltage, 1 V am- 
plitude and 1 MHz frequency. The masking signal is 
the chaotic-like pulses generated by the coupled NTCs. 
The input voltage is set to  -2 V for NTCl and -2.13 
V for NTC2. Several tests were run with various val- 
ues of capacitance C,, with those shown obtained for 
CL1 = 0.5 nF and C L ~  = 0.05 nF. Also, the frequency 
of the information signal was varied and the results 
show that the chaotic masking is more visible at fre- 
quencies in the MHz range. Figure 6 shows the output 
of the additive modulator and Figure 7 shows the out- 
put of the multiplicative modulator. Except for the 
effect, both modulate the top signal of Figure 7. 

6. CONCLUSIONS 

In this paper two means (additive and multiplicative) 
of modulating (masking) a signal by a chaotic signal 
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are presented. The chaotic signal is generated by two 
coupled all MOS NTCs which, except for some large 
capacitors, are suitable for VLSI implementation. The 
two types of modulators are developed based on the 
coupled NTCs and a differential pair connected so as 
to achieve the desired modulation scheme. PSpice sim- 
ulations are run on the two circuits which indicate that  
the performance could be satisfactory by a proper ad- 
justment of the frequency of the information signal. 
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Figure 1: The basic NTC circuit. 
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Figure 2: The all MOS NTC circuit. 
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Figure 3: Circuit diagram of the additive modulator. 
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Figure 4: The differential pair. 
Figure 5 :  Circuit diagram of the multiplicative modu- 
lator. 
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Figure 6: PSpice simulated curves for the additive 
modulator. The top curve is the chaotic signal, the 
bottom curve is the masked signal. 

Figure 7: PSpice simulated curves for the multiplica- 
tive modulator. The top curve is the information sig- 
nal, the bottom curve is the masked signal. 
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