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Digital Chaotic Circuits 
Schematics for digital chaotic circuit

Systems naturally described by a set of boolean states may display 
sensitive dependence to small perturbations.  Here we used very 
simple electronic devices, composed of commercially available, 
high-speed logic gates to generate chaotic behavior with 
continuous time Boolean states.
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To model the observed behavior, we start with Boolean delay equations 
based on the form introduced by Ghil et.al [1]: Boolean delay equations 
are evolution equations for vector Boolean variables x(t): 

When chaotic signal is 
input to a gate, short pulses 
do not pass through.

Short pulse rejection effect 
determines the highest 
frequency components
generated by the circuit.  

Temporal evolution of the circuit shows chaotic behavior with clearly 
defined discrete states of voltages.
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Digital chaotic circuit with delayed feed back can generate a non-
repeating pattern, which shows sensitivity to initial conditions. Those 
circuits can be used as a building block in secure spread-spectrum 
communication systems or as an ultra-wide-band sensor [2,3].
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3 Non-ideal behaviors in real logic gates 

Conclusion5

τ1 to τ5 stand for different delay times

We recorded the temporal evolution of the voltage at a point in 
the circuit.
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 It shows a broad power spectrum extending from DC to 2 GHz.
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Short pulse rejection

Degradation effect
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Delay time of a pair of inverters

The degradation effect leads 
to the propagation delay of a 
pulse depending on its  
pulsewidth.
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where f
i
 is logic functions and τ

in
 are constant delay times. 

Simulations show that this model generates only periodic or quasi-
periodic solutions. To predict chaotic behaviors similar to that observed 
in the experiment, we need to address short pulse rejection and 
degradation effect where the delay time τ

in
 through logic gates depends 

on its pulsewidth instead of being constant. 
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Stimulated chaotic generation and the spectrum


