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Keywords Abstract: An L-band microwave buffered chaotic oscillator is designed and realized on
ADS a glass teflon hybrid technology. The buffers are optimized in order to match the
Bifurcation microwave 50 Q — 12 GHz oscilloscope without changing significantly the chaotic
Chaotic oscillator output characteristic. Dynamical behaviours of the oscillator are theoretically
Microwave oscillator investigated using both numerical studies based on mathematical model and ADS
software simulation. First of all, the theoretical study is based on the Matlab simulation,
where transistors are modeled by simple mathematical description which is limited only
for low frequencies. Nevertheless, it provides a valid approximation to broach a
preliminary theoretical investigation. Here, times series, phase portraits, Lyapunov
exponents and bifurcation diagrams of the chaotic system are performed. Secondly, in
order to account for the increasing frequency, we use the ADS software simulation in
which the transistor is described by a high frequency model. Indeed, the impact of
microstrip critical lines interconnections and active probes are taken into account in
ADS simulations. Spectral and time-domain measurements on the 3.6 GHz spectrum
analyzer and 12 GHz oscilloscope are achieved. Experimental characterization gives a
fundamental frequency of 2.14 GHz. This microwave chaotic oscillator exhibits
attractive spectral characteristics. A good agreement between theoretical and
experimental results is obtained.

1. Introduction

oscillator and operable in the macrowave range have
been proposed and discussed by several authors [12-

Potential applications of chaotic oscillators inspired
many researchers to generate broadband chaotic
signals [1, 2]. Particular interest is given to the
chaotic generators operating in the field of radio
frequencies [3, 4, 5]. Besides that, chaotic oscillators
have been used for secure communication, data
transmission and microwave radar applications [6-
9].

Several works using operational amplifiers for
generating broadband chaotic signals have been
reported in the literature [10, 11]. However, these
electronic components operate below the GHz.
Moreover, simple circuits, based on the Colpitts

17]. Several simulation studies have demonstrated
the feasibility of these chaotic generators. However,
few practical realizations have been achieved in the
radio frequency range. In this work, we present
theoretical and experimental investigations of a
buffered oscillator for L-band applications.

The oscillator based on microwave transistors with
threshold frequency of 9 GHz is realized on a glass
teflon hybrid technology. The impact of critical
microstrip lines on dynamical behaviour of the
oscillator is also investigated.
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Figurel. Circuit diagram of the microwave chaotic
oscillator.

2. Theoretical study

The theoretical study is discussed according to the
following methodology. First of all, the theoretical
study is based on the Matlab simulation, where
transistors are modeled by simple mathematical
description which is limited only for low
frequencies. Nevertheless, it provides a valid
approximation to broach a preliminary theoretical
investigation. On the other hand, and to take into
account the increasing frequency, we use the ADS
software simulation in which the transistor is
described by complete model taking into account
high frequency effects. In this case, the model is
more precise and closer to reality.

2.1. Numerical study

The schematic diagram of the chaotic generator is
depicted in Fig.1. The resonant circuit consists of
resistor R1, the inductor L1, and capacitors C1, C2,
and C3. The fundamental frequency of the chaotic
generator is given as follows:

1

fo= (1)

21 [LCeq

whereCeq = C1C2C3/(C1C2 + C1C3 +
C2C3).

Applying the Kirchhoff’s laws to the oscillator in the
schematic diagram of Fig.1, we obtain the following
differential equations:

fC1VC1 =1 - alf(VBEi)

CZVCZ =L —-lLL+0- al)f(VBEl) + (11— a3)f (Vgg,)

C3VC3 =L+0- a1)f(VBE1) - azf(VBEz)
LLI'L =Vo—Ve —Ve,— Ve, - R,

(2)
where Vgg, (i = 1,2) are the base-emitter voltages
of each transistor. These voltages may be expressed
in terms of the state vector components as:  Vgg, =
V1 —-VC2 —VC3and VBE2 = —V(C2.
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VCi denote the voltages across capacitors Ci,
(i=1,2,3). f(VBE) is an exponential function
expressed by: Ig = f(Vgg) = I (exp (VV—BT“:) - 1).
Ig is the emitter current, and I is the saturation
current of the B-E junction. The current source I is
used to provide the bias, and I}, the current flowing
through the inductorL. o; (i = 1,2)are the
common-base forward short-circuit current gains.

By neglecting the base currents and setting x; =

(Ve, =VE)/Vr, (i = 1,2,3);
pUy —10)/Vr; p=+L/Cy; t =1/LCy5 ¢ =R/p
0'1= CZ /Cl, 0'2=CZ /Cg, ]/ =p10/VT The
dimensionless state-space representation of (2)
becomes:

Xy =

X = 01(954 —yp(x, + x3))
562 = x4
3
X3 = 02(x4 - V¢(xz)) )
sz} - —x1 _ xz _ X3 _ £x4
where

%1 = dx;/d; and ¢p(y) = exp(—¢) — 1.

Vr =26 mV at room temperature.
(VCOl,Vg'Z,V&,I{’) is the equilibrium point obtained
by setting the right-hand side of (2) to zero.

In order to define routes to chaos in the microwave
chaotic system under study, equations (3) are solved
numerically using the standard fourth-order Runge-
Kutta algorithm. Two elements can be used to
identify the type of transition leading to chaos. The
first indicator is the Lyapunov exponent and the
second one is the bifurcation diagram.

1) Lyapunov Exponents: We take the initial
values of the chaotic system (3) as
(x1,x2,x3,x4)=(05,0.51,1) and the

parameter values as g1 =4.55, 62 =1, y =
5.95, ¢ = 1.21. Then the Lyapunov exponents of
the chaotic system (3) are numerically obtained
as A1=0.46;12=0;43 =-0.56;, 14 =
—0.69. Fig.2 depicts the dynamics of the
Lyapunov exponents of the chaotic system (3).
2) Bifurcation analysis: Each tiny change of any
control parameter of the microwave oscillator
deserves to be carefully investigated. Our
emphasis is on the effect of y, which have a strong
relation with the biasing current I,. Therefore, to
study the sensitivity of the microwave chaotic
system, the chosen control parameter was varied
in the interval 0.00 <y < 2.00. Fig.3 illustrates
a simulated bifurcation diagram proving the
dependence of the dynamical behaviour of the
chaotic oscillator on the control parameter. From
Fig. 3, we can observe different behaviours of
microwave chaotic oscillator including a one-
period solution and orbits of increasing period.
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Figure2. Dynamics of Lyapunov exponents.
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Figure3. Bifurcation diagram.
2.1. ADS software simulation

In order to account for the increasing frequency, we
use the ADS software simulation in which the
transistor is described by a high frequency model.
Also, the impact of microstrip critical lines
interconnections and active probes are taken into
account in ADS simulations. The time series and
phase portraits from the ADS simulation are shown
in Fig. 6.
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Figure4. Time evolution of state variables.
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Figure6. Time evolution of state variables.

Fig. 5 illustrates the effect of the biasing current I,
(i.e., control parameter y) on the dynamics of the
circuit oscillator. The variation of I is performed by
slowly adjusting the voltage V2. When monitoring
the biasing current, we can observe that the
electronic circuit presents various types of
bifurcation. As depicted in Fig. 5, increasing I,
results to periodic and chaotic regimes. This is
clearly shown by time evolution of the dynamical
system under investigation.

3. Experimental validation

Our aim in this part is to verify the theoretical results
obtained previously, by carrying out an experimental
study. Experimental measurements have been
achieved by using a 12 Ghz—40GSa/s
oscilloscope Agilent DSO 81204B and a 3.6 GHz
spectrum analyzer. Therefore, a buffer is used in
order to match oscillator outputs with the measuring
devices without altering behaviours of the
microwave oscillator. Spectral and time-domain
measurements on the 3.6 GHz spectrum analyzer and
12 GHz oscilloscope are achieved. Experimental
characterization gives a fundamental frequency
of 2.14 GHz. This microwave chaotic oscillator
exhibits attractive spectral characteristics.

3.1. Design of the experimental circuit

In this section, we expose a hardware
implementation of the system (3). Fig.1 illustrates
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the electronic circuit that has been designed to
realize the system (3). The chaotic microwave
oscillator was built using the surface-mount devices
and BFG520 bipolar junction transistors. Fig.8
shows the real physical prototype designed and
implemented on a bread board.

3.2. Experimental results

By choosing appropriate values for inductance,
resistors, capacitors and voltages: L1 = 15nH, R1 =
47Q, R2 = 22KQ, R3 = 33KQ, R4 = 680Q, R5 =
33KQ, R6 = 68KQ, R7 = 33KQ, R8 = 68KQ, R =
33KQ, R10=68KQ, R11=270Q, R12 =270Q, R13
= 270Q, CO = 47nF, C1=2.2pF, C2 = 10pF, C3 =
10pF, C4 = 1nF, C5 = 1nF, C6 = 1nF,V1 =4V, and
by tiny changing the voltage V2 in (0V...10V) range,
we realized an experimental electronic circuit for
the system (3).

Spectral and time-domain measurements on the 3.6
GHz spectrum analyzer and 12 GHz oscilloscope are
achieved. Experimental characterization gives a
fundamental frequency of 2.14 GHz. This
microwave chaotic oscillator exhibits attractive
spectral characteristics. In Fig. 6 are depicted
spectral characteristics of one-period, two-period
and chaotic signals, respectively. In Fig. 7, we
present the time evolution of the microwave outputs.
As in ADS simulation, this figure evinces the effect
of the biasing current I, (i.e., control parameter y) on
the dynamics of the circuit oscillator. By comparing
experimental results of Fig.7 and those obtained
numerically from Figs. 4, and 5, it can be concluded
that a good qualitative agreement between the
numerical simulations and the experimental
realizations is obtained.

y (b)spectrum of the 2-period output
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' (c) spectrum of the chaotic output
Figure6. Spectrum of the microwave oscillator outputs.

(a) Time evolution of the perodic ouput

(b) Time evolution of the chaotic output
Figure7. Time evolution of the microwave oscillator
outputs.

Flgure8 EIectronlc circuit of the microwave chaotlc
oscillator.

4. Conclusion

In summary, we have investigated the bifurcation
structures of a microwave chaotic oscillator. The
interest devoted to this type of oscillator is mainly
due to its multiple potential applications in
engineering and in communications.  This
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microwave chaotic oscillator exhibits attractive
spectral characteristics. The electronic structure of
the oscillator was first presented and the modeling
process was performed to derive a mathematical
model describing the behaviour of the oscillator.
The ADS simulations performed with 9 GHz
threshold frequency transistors demonstrate that the
highest fundamental frequency is 2.14GHz for the
proposed microwave chaotic oscillator.

To highlight the effects of bias on the dynamics of
the system, I, was chosen as the main control
parameter. The analysis revealed the extreme
sensitivity of the dynamical behaviour of the
oscillator to tiny changes in I,. A real physical
prototype was designed and implemented on a bread
board.

For designing and realizing this microwave chaotic
oscillator, we have considered, during simulations,
the increasing frequency, the impact of microstrip
critical lines interconnections and active probes.
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