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Abstract:

Studiesof chaos in electronic circuits and systems hawawshthat chaotic signals
generated in these systems can potentially be asedrriers for information transmission in
the communications systems. This paper demonstthisgeneration of chaos in the
Colpitts oscillator by using numerical simulatidrhe dynamics of the different voltages and
the current through the inductor are calculatednithe series resistance with inductor taken
as a bifurcation element. The values of the emitgsistance that generate the chaotic
behavior is investigated. The generation of chaa@®nfirmed by calculating the bifurcation
diagram, phase portrait attractors, and three dmoeal- attractors. The bifurcation
diagram allows the classification of the regionstloé different behaviors of oscillator
(quasi-periodic oscillations and chaotic oscillagh
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I-Introduction:

Recently, an increase interest in studying the Wiehaf nonlinear dynamics of electronic
circuits. Many electronic circuits are capable ehgrating chaos. The chaotic signal can be
useful in applications such as transmitting infation, signal encryption, and secure
communications systems [1-4]. Chaotic electronicillasors used for communications
require specific characteristics such as a broatlbaacurity, and low interference code
generation. One of the good candidates of chadittrenic circuits for communications is
the Colpitts oscillator. Nonlinear dynamics in Gtlp oscillator has been intensively
investigated for several years [ 5-7].

In this paper, the chaotic oscillations in Ctifposcillator are numerically investigated. The
paper’s structure is as follows. In section Il somaekground information about the Colpitts
oscillator is given and the circuit model is intumed. The simulation results are presented in
section Ill. Section IV provides a short summargt annclusions.

ll- Colpitts oscillator: Circuit modeling
The Schematic diagram of the Colpitts oscillatoshiewn in Fig.(1). The circuit comprises
a single bipolar junction transistor (BJT), actesthe gain element, and a resonant network
consisting of an inductor ( L ) and a pair of cajmaes ( C1 and C2 ). Supply voltages Vcc and
Vee provide the circuit bias [8].
The circuit can be described by the followtihigee state equations:

dv,
CL— ==L =Bt F(Vbe) (1)
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dv 1 V
c2—be - L = F(Vpe) - ?Vbe Ree -2
e €
dip
L=t = RLIL = Vee*Vbe * Vee -3

where the state variables ak.éc (= V@) is the voltage difference between collector and
emitter of the transistorV e ( e\/ 2)Is the voltage difference between base and enafte
the transistor, andl | is the current through the inductor L. F(.) is teracteristic of the

transistor and can be modeled as follows [9]:

0, Ve =Vith
F(Vbe)=| Vpe~Vin Vpe > Vih (4)

Ron

where, Vithpis the threshold voltage of base — emitter junctiBig, is the small signal on —
resistance of the base-emitter junction, yd(= hfe) Is the forward current gain of the

transistor.

—r—nl| | é

Fig. (1): Schematic diagram of Colpittsoscillator.

[ll-Simulation results:

The calculations of thdynamicsof the chaotic oscillations achieved with paranseter
values are listed in table |I.

The bifurcation diagram of the temporal wavefe of collector voltage V.
(=Vce —Vpe) when the inductor series resista is decreased from 46 to 3Q |s
shown in Fig.(2). The peak values of the temporaveform are sampled and plotted as a
function of R|_. As R} is decreased, quasi-periodic oscillations are alegeiromR| =46
to 39Q . WhenR|_is decreased below 3Q the peak values distributing region is increased
and the chaotic oscillations are observed. FRRm= 13 to 3.0Q the peak values distributed
in broad region and quasi-periodic oscillationsa@eerved again.
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Fig.(3) depicts the temporal waveforms of the attle voltage V., emitter voltage
Ve(=—Vpe). and the inductor currenk when R is varied. AtR| =15 Q, quasi-

periodic oscillations are observed for voltages eundent as shown in Fig.(3a). The temporal
waveforms oscillations become more chaoticRyg is increased. They fluctuate chaotically

at R = 26 Q as shown in Fig.(3b). The waveforms become quesegic oscillations
again as shown in Fig.(3c)R_ = 40 Q ). Fig.(4) demonstrates the observed V;-Vg
phase portrait scroll attractors at the valuesRof (15 Q, 26 Q, and 4d2, respectively).

Also, the three dimensional (3D) - attractorphase space of the voltagds; andVe,
and the current | are obtained. Fig.(5) shows the 3D — attractodiffetrent values ofR|_.
For R| = 15 Q, quasi-periodic oscillations are observed as shimwhig.(5a). A chaotic
attractor is observed & | = 26 Q as shown in Fig.(5b). Another, quasi-periodicaator
is reproduced as shownin Fig.(5&|(=40Q ).

Fig.(6)(A, B, and C) display, respectivelgetdependence of the phase portrait scroll
attractors state on the values of the emitterteegie Rg, while the resistanc&® | is fixed
at the selected value. The results reveal thabtlwving remarks:

» By increasing the resistanBg, the attractor leaves the quasi-periodic statémeg

and becomes chaotic state.

* A rich chaotic state can be obtained by assignifipe@lues to resistanc&k | and
increasing the emitter resistanBgas shown in Fig.(6 )B.

+ It is worth emphasis that the values of the emitésistance Re also affect the

attractor state and therefore, can be used asi@&tion element.

Tablel: Parametersvaluesused in smulations

Parameter Value
C1 57 [ nF]
C2 58 [ nF]
L 100 [HH]
Re 3851 Q ]
R L variable
Ron 375[Q ]
VCC +5][v]
Vee +5][v]
Bf (=hte) 14
Vth 0.75[v’
Q 2SC174i
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Figure (2 ): Bifurcation diagram of temporal waveform of collector voltage V. when R, decrease from
46 to3 Q2
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Figure (3): Top to bottom: tempor al wavefor ms of collector voltage, emitter voltage, and
inductor current at different valuesof R : (a) R.=15 2, (b) R.=26 2, and
(C) R = 400
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Figure (4): Phase portrait scroll attractorsof collector voltage vs. emitter voltage at
different valuesof R.: (@) Ri=15 @2, (b) Ri=26 2, and (c) Rui=400Q
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Figure (5): 3D - attractorsat different valuesof RL. (a) R.=15 2, (b) R.=26 2, and (c)

RL:40.(2
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Figure (6): A- Phase portrait scroll attractorsof collector voltage vs. emitter voltage. The
resistance R_ isfixed at 20 2, while Rgisincreased
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Figure (6): (Continued) B- Theresistance R, isfixed at 30 Q
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Figure (6): (Continued) C- Theresistance R, isfixed at 40 2
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IV — Conclusions:

The dynamics of an autonomous electronic cirqatnely Colpitts oscillator, is calculated. As
the inductor series resistance decreases, a gedsdj attractor breaks down and a chaotic
attractor appears. This bifurcation diagram camtezpreted as the quasi-periodicity-breakdown to
chaos. The bifurcation diagram, phase portrait|settractors, and 3D - attractors confirm the
generation of chaos behavior.
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