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Abstract - In this paper, a method to modulate and synchronize the chaos carrier in chaotic Colpitts oscillators is presented. An integrated Voltage control Synchronized Chaos Colpitts Oscillators (VSCCO) modulation system can produce infinite chaotic patterns in a wide operational condition, is showing end to end. This is very useful in real implementation of chaotic communications schemes and especially for coherent Chaos Shift Key (CSK) modulations. The main reason for that is twofold, first the simplicity of the proposed circuit, and second the electronic control of the emitter capacitance affecting the dynamic behavior of VSCCO. Finally, experiments performed up to 1 MHz, demonstrate the effectiveness of chaotic synchronization of VSCCO scheme.

1. Introduction

   Chaos in the Colpitts oscillator, first reported in [1], has recently attracted a lot of interest due to its applications in encryption and modulation methods applied to communication systems.   The main premise in these studies is that broadband signals generated by simple deterministic systems with chaotic dynamics can replace pseudo-random carrier signals widely used in spread spectrum communication systems. The simplicity of chaos generators and the rich structure of chaotic signals are the most attractive features of deterministic chaos that have caused a significant interest in possible utilization of chaos communication. 

In a chaos shift key communication system, M digital symbols are represented by chaotic signals generated from M dynamic systems or from one system with M different parameter values [2], [3]. In the binary case i.e., M=2, the transmitted signal essentially switches between two chaotic signals which are generated from two dynamic systems, or from one dynamic system having a parameter switched between two values, according to the digital symbol to be represented. Detection can take either a coherent form or a no coherent form. In coherent detection, the receiver is required to reproduce the same chaotic signals sent by the transmitter, often through a “chaos synchronization” process which is unfortunately not easily implemented with sufficient robustness [4].
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Once reproduced, the digital symbols can be recovered by standard correlation detection [5]. In no coherent detection of CSK, however, the receiver does not have to reproduce the chaotic signals. Rather, it makes use of some distinguishable property of chaotic signals to determine the identity of the digital symbol being transmitted. The most common exploited distinguishable property has been the bit energy [6].

In this paper we propose an integrated Current control Synchronized Chaos Colpitts Oscillators (CSCCO) modulation system which can produce infinite chaotic patterns in a wide operational condition. The electronic control of the oscillator is a very efficient means of generating a large number of chaotic signals in a short settling time. The outline of this paper is as follows. Section 2 describes the circuit design, experimental results are presented in Section 3. Finally Section 4 concludes the paper.              
   2. Circuit Design

 The Colpitts oscillator is a combination of a transistor amplifier consisting of a single bipolar junction transistor (BJT), and an LC circuit used to feedback the output signal as it is depicted in Fig. 1. The fundamental oscillation frequency is given by:
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The Colpitts oscillator exhibits a complex dynamic behavior. The Lyapunov exponent for this dynamic system is positive, an indication of the chaotic behavior of the Colpitts oscillator. The proposed VSCCO is shown in Fig.1a/1b. The fundamental frequency of the proposed VSCCO can be calculated by equation (1). 

The Fig. 1 circuit master oscillator consists of a single bipolar transistor (Q1) which is biased in its active region by the use of V1, R1, and I1. The feedback network consists of L1, C1, and C2. Parallel operation between C2 and varicap D1 can be achieved through the use of C4. Varicap is reversely biased by the use of R3, V2, and R4. As the inversely polarized varicap does not conduct d.c. current, R3 reaches a very high value thus not charging the tank circuit (L1,C1,C2). C3 parallels the operation of diode zener D2 diminishing any white noise generated by the breakdown of zener diode D2. This particular white noise affects the varicap D1 in such a way that modulation noise will be created. R4 and D2 can create a voltage stabilization circuit. R5 and C5 form a low pass circuit that prevents R.F. leakage from VCO In. C6 is a d.c. blocking capacitor.          

By varying the capacitance of varicap D1 the value of the loop gain of the oscillator is inversely affected, thus changing the dynamic behaviour of the VCCO [7]. By examing the bifurcation diagram (Fig. 2) of VCCO we can achieve such a capacitance value of varicap D1, so an alteration of the operational point (Point 1)
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Figure 1. Circuit Layout of Current control Synchronized Chaos Colpitts Oscillators (CSCCO).

	Circuit Elements
	V1
	Io
	R1
	L1
	C1/C2

	Elements’

Values
	12

V
	22 mA
	36 

Ω
	48 μH
	2 nF


     Table 1. Circuit Parameters Values used in Simulation and in Experiments

The (Fig. 1) circuit is comprised of a master and a slave oscillator. The connection of these two oscillators is accomplished by the use of a coupling capacitor (1μF) and an operational amplifier (LF411) in buffer configuration. 
       Each oscillator consists of a single bipolar transistor (Q) which is biased in its active region by the use of V1, R1, and V2. The feedback network consists of L1, C1, and C2. By varying the current source Io the value of g is proportionally affected, thus changing the dynamic behavior of the VSCCO [7]. By examining the bifurcation diagram (Fig. 2) of CSCCO we can achieve such a current value of Io, so the operational point (Point1) (g,Q) can be altered in another chaotic point (Point 2).   
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Figure 2. Bifurcation Diagram of the Master Oscillator of VSCCO.

In order to achieve synchronization, it is desirable for both of the oscillators to be as much as possible identical. The high cost in top quality material selection is a basic factor, however the construction of two identical circuits is impossible due to the tolerance of the components at first, and also due to the distribution of capacitance across the circuit. Apart from the top quality components a lot of attention to detail in the construction phase has been paid to keep interference and inter-modulation to the minimum. In order to achieve the required synchronization, both of the oscillator’s circuits (master/slave) are fed with the exact operational voltage and great accuracy in stepping. For this purpose a power supply has been design with symmetrical voltage (+12V / -12V) for the supply of the operational amplifier. And (-1,2V up to -22V, +1,2 up to +22V) for the transistor biasing. Furthermore for the utmost accuracy in biasing 10 turns potentiometers have been used. Table 1 followed. 
3. Experimental Results
For the conduct of measurements the synchronization circuit of Fig. 1 has been realized, and this was performed with great due to the sensitivity of R.F. circuits in interference and inter-modulation. In Fig. 3 X-Y diagram is depicted, X-axis being Vbe voltage and Y-axis being voltage Vbc of one of the two oscillators (master) as it is oscillating chaotically with no coupling (isolated). We can observe the attractors that full every part in the figure and the cyclic orientation. In Fig. 4, the emitter waveform is presented  (possible coupling point). We see the abundance of harmonic oscillations and their density, that tads to the required randomness – non-periodicity. 
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Figure 3. X-Y Diagram of Chaos Oscillator with no Coupling. X-axis Represents Vbe, Y-axis Represents Vbc. 
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Figure 6. Emitter Voltage of Chaos Oscillator without Coupling. 

In Fig. 7 and 8 both of the oscillators are chaotically oscillating, while being in synchronization and emitters are coupled with the interposition of voltage buffer LF411. In Fig. 7, Vbe waveform of one of the two oscillators (master) is depicted. We notice the non-periodicity of the signal as well as the plenitude of harmonic oscillations that is composed off. In Fig. 8 we have the corresponding X-Y diagram of the master oscillator and we can observe the attractors great density. In Fig. 9 the oscillator’s synchronization straight line is presented as X-axis corresponds to voltage Vbe of the master oscillator, and Y-axis corresponds to voltage Vbe of the slave oscillator. The synchronization is almost perfect.
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Figure 7. Emitter Voltage of Chaos Oscillator with Coupling. 
3.1 Spectrum Experimental Measurements.
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     For the spectrum measurement the following procedure has been implemented. Initially a copper-wired coil was constructed 75mm in diameter, 1mm in individual wire thickness, and spiral density (N/L) 7/1cm the coil was connected to the spectrum analyzer and then placed very close and in parallel with the core of the master oscillator coil 

Figure 8. X-Y Diagram of Chaos Oscillator with Coupling. X-axis Represents Vbe, Y-axis Represents Vbc.
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Figure 9. X-Y Diagram (Vbe master-Vbe slave) of Chaotic Oscillators in Synchronization.

With this kind of connection we manage to protect the expensive H.P. spectrum analyzer, and also we do not intervene in the circuit with the analyzer’s capacity. Following that, for the depiction of the spectrum sampling was performed by the analyzer by using Lab View program and then presentation at Origin 7.0.
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    In Fig. 10 depicts the spectrum of one of the two oscillators before coupling. We notice the slope of 20 dB/250KHz that remains almost perfectly constant after 300 KHz. At nearly 0.3MHz the primary (main) oscillation frequency is located, since maximum power is available at that frequency. The noise level of -80 dB that is shown in Fig. 10 should also evaluate. In Fig. 11 the oscillator spectrum in synchronization and chaotic oscillation is represented. We can observe that this spectrum is very similar to the spectrum of the non-coupled oscillator, so much as the slope, as well as the density of the spectrum. We notice two peaks at 0.75 MHz and 1.5 MHz these peaks are due to the intermodulation of the operational amplifier (O.P.) as they appear even when oscillators are not both fed, but only the O.P. This is confirmed from the Fig. 12 where analyzer’s noise is at -80dB (Fig. 13) and O.P. intermodulation noise at -60 dB. 
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Figure 10. Spectrum of Chaos Oscillator (Master) with no Coupling.
Figure 11. Spectrum of Chaos Oscillator (Master) with Coupling. 
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Figure 12. Operational Amplifier Noise
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Figure 13. Spectrum Analyzer Noise.
4. Conclusions
An integrated Voltage control Synchronized Chaos Colpitts Oscillators (VSCCO) has been designed to be capable of producing large numbers of chaotic signals in synchronization. Another advantage of the presented circuit design is the relative ease of its actual construction and also its potential use in a wide variety of applications in chaotic communication schemes, as the main functional element of chaotic oscillator. The electronic control of the chaotic carrier in VSCCO system greatly facilitates the use of chaotic frequency modulation methods.   
  The are more that one bias regions for which the given oscillating system present chaotic behaviour. After many tests, it has been come obvious that is difficult for the central oscillation frequency of a given circuit, to rise above 300 KHz and simultanely to achieve synchronization. The sensitivity of chaotic systems is proven, based upon the component and bias values. 
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