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Abstract: This article deals with design and experimental verification of a single stage transistor
amplifier in class C which is introduced to chaotic state. The basic procedure of deriving differential
equations and representation of dynamical system is presented. Equivalent circuit of transistor stage
was transformed to the real model based on operation amplifier integrators. Chaotic behavior was
confirmed by strange attractors captured by oscilloscope.
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1 INTRODUCTION

Chaos often refers to a state in which the behavior of a system appears to be completely random and
disordered. However, if we look at the chaos from scientific point of view, we talk about a determin-
istic chaos. Actual state of the dynamic system looks like a random state, but there is no random
element in mathematical description. These dynamical systems are described by ordinary differential
equations and governed by chaos theory. Chaotic behavior has been demonstrated, both theoretically
and experimentally, in a large number of electronic circuits. For example, existence of robust strange
attractors was observed in harmonic oscillators such as Collpits [1], Hartley, RC-feedback, analog
filters like KHN topology [2], Sallen-Key structure, FIR filter, 1IR filter, power circuits such as DC-
DC converters [3], switched regulators, PLL circuit [4], AD converter with Z-A modulation etc.

2 MODEL OF TRANSISTOR AMPLIFIER

Recently, a chaotic behavior has also been found in the single stage transistor amplifier working in
class C. Despite simplicity of principal schematic, operating point of bipolar transistor is hypothetical
and transistor itself is modelled as two-port described by full admittance matrix. The amplifier is
loaded by resonant circuit which is lossless. According to [5] and Fig. 1 we can derive the differential
equations that are described by change of input and output voltage us, u, and inductor current i..
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where yy describe admittance parameters of transistor, c; is a parasitic capacitance between base and
emitter and ¢, is a sum of a parasitic capacitance collector-emitter and capacitance in a resonant
circuit. Chaotic behavior is subjected to definition of admittance parameters of transistor. We assume
that input and forward transadmittance y11 and y-: is a constant and output admittance y», converge
to zero. A backward transadmittance yi» is created by nonlinear function which can be expressed by
a polynomial:
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y12(Uy) = a + buy + cud + dus + eus (4)

where a, b, c, d, e are parameters of the polynomial components. The polynomial expression is not
limited to the admittance parameter yi.. Chaotic behavior exists also for the variant with polynomial
expression of admittance parameter y»; or even exists a situation where both admittance parameters
are determined by polynomials. Situation with polynomial yi. is used for better circuit realization
and simpler form of mathematical model from the algebraic viewpoint.
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Figure 1: Transistor amplifier in class C and equivalent circuit model

INTEGRATOR MODEL

Based on the knowledge of the shapes of differential equations with the polynomial expression of
admittance parameters, a real circuit can be constructed. This real circuit models with operational
amplifiers by using function blocks. Electric current i, which acts as a state variable, is difficult to
measure, so the third DR is realized by using a concept with an integrator, so the vector of state
variables passes only to voltage values and the equations are representing the Kirchhoff’s voltage
law. Another change compared to point 2 is in the application of the power forward transadmittance
y21. The integrators are formed by a standard connection with the operational amplifier TL082. The
last integrator consists of an amplifier AD844 and nonlinear voltage elements are solved by analog
multipliers AD633. The circuit can be described using the DR system as follows:
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where X, y, z are individual state variables representing voltages at the outputs of integrators, RT1 —
4 are values of resistors that simulate admittance parameters, C1, C2, C3 are capacitances of indi-
vidual integrators and K is internal constant of analog multiplier (for circuit AD633 it holds that K =
0,1).

The realized connection can be seen in Fig. 2, resp Fig. 3. Individual state voltages are output using
BNC connectors for easier measurement on the oscilloscope. Resistors simulating admittance are
implemented as trimmers to allow the circuit to be tuned to a chaotic state. Simple shorting jumpers
are used it switch the sign at the first term in equation 7. Fig. 4 shows the measured attractors on an
oscilloscope, which with their complexity and geometric structure correspond to strange attractors
calculated by numerical integration of differential equations (1), (2) a (3).
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Figure 2: Schematic of the integrator realization

Figure 3: PCB of the integrator model of amplifier
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Figure 4: Attractors which were generated by integrator model

4 CONCLUSION

A prototype board modeling the differential equations of a transistor amplifier based on integrators
confirmed the presence of chaotic behavior by generating structurally stable strange attractor. From
the above findings, it follows that for the existence of a chaotic solution, only one bipolar transistor
with a suitable setting of the operating point, i. e. admittance parameters, is needed. This fact could
be important in the design of the amplifier itself and in common application to treat the conditions
necessary for chaos to avoid bringing amplifier into a chaotic state. When using a multistage ampli-
fier with generalized bipolar transistors, other chaotic or even hyperchaotic states could occur in this
case.
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