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Abstract —

Microwave chaotic generators based on three-point
circuit are analyzed. Principles of design of model-
based generator from low to microwave frequency
range are discussed. Special attention is given to
transition to high frequency range using similarity
principle and preserving the map of dynamic
regimes. Three transistor models are analyzed,
including SPICE mode and Gummel-Poon model.
The correspondence of models is discussed. The
results of modelling in frequency range from several
kHz up to several GHz arereported.

Index terms — Dynamic chaos, chaotic oscillator,
modelling, EDA, microwave oscillator, VCO

1. Introduction

Using dynamical chaos in radiolocation and radio
communication [1-6] demands creation of sources of
chaotic oscillations with predefined statistical, spectral
and other properties.

Dynamic chaos could be obtained in electronic
schemes with 1.5 degrees of freedom with single
nonlinear element — transistor. The model of chaotic
source with bipolar transistor is proposed in [7]. Later it
has been discovered that chaotic oscillations could be
implemented in classical three-point scheme with one
and a half degrees of freedom [8]. The capacitance
variant of this scheme (Colpitts oscillator) is considered
in[9].

Three-point scheme is a good base element for chaos
generators. First, this type of scheme is thoroughly
studied as a generator of regular oscillations. Second,
relative simplicity of this scheme enables thorough
study of principles of modelling of microwave chaotic
generators. Third, this scheme is aso rather general and
can be elaborated and modified in a number of ways.

The paper studies the principles of modelling of
three-point scheme of microwave chaotic generators.
The modelling has been carried out in the Advanced
Design System (ADS) package and results are reported.

2. Three-point scheme of generator

The mathematical model for three-point scheme is
described as follows [8-9]:
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Here Vc, - voltage at C; capacitor, V¢, - voltage
at Co capacitor, | - current through L inductor, f -
nonlinear characteristics of the transistor, a g - ratio of
collector current to emitter current. Note that ap »1
for most transistors.

Let agp =1, i.e. neglect base current. For our
purposes, this approximation is rather fair.

It is usual to describe transistor characteristics as
follows:
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Three-point scheme of generator with transistor as

nonlinear element is depicted at Fig. 1. The system for

studying high-frequency communication schemes —
ADS —isused for modelling.
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Fig. 1. Three-point scheme of generator with current sourcein
emitter circuit.
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Fig. 2. Three-point scheme of generator. Representation in ADS.




The representation of this scheme in ADS is shown
at Fig. 2.

3. Transistor models

Three transistor models are employed for studying
high-frequency chaotic generators:
simple static model with exponential transistor
characteristics
SPICE model
Gummel-Poon model
The first model is used for comparison of modelling
results for generators with simple transistor model and
complex real-type transistor models. SPICE models are
used for representation of low-frequency transistor in
ADS. Gummel-Poon model is used for representation of
high-frequency transistorsin ADS.
The simple static model is described by the
following equation:

lc =lsqexp(Vee /Uy) - 1, 3

where U, =kt/q=253 mV a room temperature,
Ig=axly»ly —saturation current of transistor. |14 is

reverse current of emitter junction. In active region
Ic >>1g and term «—1» could be ignored. Base current
could be apporximately defined as:

lg=Ic/b (4)

Coefficientsa and b arerelated:

()

Typicaly, b ~100...200, a »1.

Gummel-Poon model [10] is a dynamical transistor
model. Parameters of this models account for nonlinear
effect at high frequencies, parasitic capacitances,
temperature dependence, etc. Equivalent circuit for this
model is depicted at Fig. 3.
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Fig. 3. Equivalent circuit for Gummel-Poon model.

For comparison between Gummel-Poon model and
the model with exponentia characteristics two
parameters are used: forward current gain b and

saturation current | . These parameters are available in

both models.
4. Modelling low-frequency generators

We have studied three-point circuits with 2N2222
and BFP620 transistors at low frequencies.
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Fig. 4. Power spectrum in three-point circuit with SPICE model of
2N2222 transistor. Frequency range —kilohertz.

First, the scheme has been studied at frequencies as
low as several kilohertz for 2N2222 transistor. There
have been examples of implementation of generator at
this transistor at frequencies of 100 kHz [8], which
could be used as basis for comparison.

The power spectrum is shown at Fig. 4 for three-
point scheme with SPICE model of 2N222 transistor
(the model is utilized from standard ADS library).

The doatic model with exponential transistor
characteristics for 2N2222 transistor has been studied,
namely. The goa has been to evaluate how relatively
simple model might grasp the nuances of behavior of
more complex SPICE model.

The bifurcation diagram for three-point scheme with
static model with exponential characteristics is shown at
Fig. 5. One can see the regions of complex behavior
between windows with cycles with period of three.
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Fig. 5. Bifurcation diagram for three-point scheme with the model
with exponential characteristicsfor 2N2222 transistor. Frequency
range —Kkilohertz.

The certain degree of similarity is discovered
between dynamical regimes of generators with two
models: SPICE model and the model with exponential
characteristics. This fact justifies the use of simple
transistor models for description of low-frequency
generators.



Then the scheme has been studied with BFP620
transistor. This transistor is more viable a high
frequencies, so such study could be wuseful for
comparison between high- and low-frequency
dynamica regimes. The bifurcation diagram for the
Gummel-Poon model of this transistor is shown at Fig.
6.
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Fig. 6. Bifurcation diagram for three-point scheme with Gummel-
Poon model of BFP620 transistor. Frequency range —kilohertz.

5. The peculiarities of increasing of
frequency.

Our god at this section is to increase frequency of
oscillations and to track the changes in dynamical
regimes.

The procedure has been developed and tested for
such increase in frequency. Namely, the parameters of
the scheme have been changed according to the
following procedure. The parameters C;, C,, L areto

be decreased in ¢ times, where ¢ - the factor of
frequency increase:

Cf=Ci/g,

Cs=C,/g, (6)
L(=L/g.

This procedureisillustrated at Fig. 7 (&)-(c).
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Fig. 7 (a). Power spectrum in three-point circuit with Gummel-
Poon model of BFP620 transistor. Frequency range — kilohertz.
C =2

The power spectra are shown for three-point scheme
at various fundamental frequencies. The parameters
have been changed according to the procedure,
described above. One can see evident similarity in
power spectrum between different frequencies, which
supports the procedure proposed.
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Fig. 7 (b). Frequency range — hundreds of kilohertz. g =200.
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Fig. 7 (c). Frequency range —megahertz. ¢ =2000.

Even a such relatively high frequencies complex
dynamical regimes are present in the system. The
bifurcation for megahertz frequency range is shown at
Fig. 8.
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Fig. 8. Bifurcation diagram for three-point scheme with Gummel-
Poon model of BFP620 transistor. Frequency range — megahertz.

6. Modelling chaotic generatorsin microwave
range.

Consider three-point scheme with BFP620 Si-Ge
transistor at frequencies as high as severa gigahertz.
The power spectrum for this system is shown at Fig. 9.
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9. Power spectrum in three-point circuit with BFP620
transistor.

The phase portrait of this scheme is shown at Fig.
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Fig. 10. Fragment of phase portrait of three-point scheme with
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BFP620 transistor.

4, Conclusions

The paper studied three-point scheme as a platform
for microwave generators. We have evaluated three
transistor models. The principles of modelling from low
up to high frequencies were discussed. The possibility is
shown for creation of chaotic generator at frequencies as
high as several gigahertz.
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