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Abstract 
 

In the report, a ring-structure oscillation system composed of microchip amplifiers and capable of 

generating ultrawideband microwave chaotic signal in 3 – 5 GHz band is considered, basic oscillation mode 

dynamics of output signal is described, the fact of the chaotic generation is shown, experimental generator 

testbeds based on lumped elements are presented. A conclusion is drawn that chaotic oscillations are excited on 

the basis of mechanism of two-frequency oscillation mode destruction. The described generator can be used as a 

compact device for generation of ultrawideband microwave chaotic signal. 

 
1. Introduction 

 
Application of ultrawideband (UWB) signals is actively investigated in communications. In particular, 

UWB signals are adopted in wireless personal area networks (WPANs) that are developed within the limits of 

IEEE 802.15.4a standard. One of the signal types that are recommended for use in UWB WPANs as an 

information carrier is chaotic signals. 
 

Chaotic oscillations have certain advantages which make them attractive to use in UWB applications. 

Among these are: ultrawide bandwidth (naturally spread spectrum), large variety of chaotic modes in oscillators 

and possibility of their control, relative simplicity of oscillators, self-synchronization, stability to fading in 

multipath environment, etc. 

 

A promising approach to UWB communications is the so called direct chaotic communication (DCC) 

scheme. The basic idea of DCC is that generation of chaotic carrier, its modulation and demodulation by 

information signal are performed in microwave band [1 - 3].  

 

Effective sources of UWB chaotic signals are necessary for implementation of such systems. These 

sources must have a simple structure, form a chaotic signal in a necessary frequency band and provide 

uniformity of power spectral density. The main requirements to the sources are: low weight and size, reliability, 

low power consumption, etc. One of such chaos generators is ring-structure oscillation system (RSOS) proposed 

in [4]. Its layout is based on microstip lines and it allows generation of UWB microwave chaotic signal with 

rather uniform power spectral density. 

 

In this report, a modification of RSOS built on microchip amplifiers is considered [5], its output signal 

dynamics is studied, chaotic oscillation evolution scenario is described and experimental testbed realization is 

presented. It is shown that RSOS can be used as a compact device for generating UWB microwave chaotic 

signal in the band 3 to 5 GHz. Distinctive feature of this RSOS structure is the absence of microstrip lines. 

Transition to device on lumped elements is necessary in view of system implementation in monolithic integrated 

circuit (MMIC).  

 
2. Ring-structure oscillation system 

 
The structure of RSOS is presented in Fig. 2.1. The main parts of oscillator is three microchip amplifiers 

(AMPs) and a splitter (Splitter) connected in series in a closed loop through capacities (Cap) that block out 

direct current from AMPs inputs.  The AMPs are small-signal silicon bipolar amplifiers (standard commercial 

elements with 50 Ohm input and output) with amplification gain 15 to 8 dB in frequency band 1 to 6 GHz. 



 

 

 
Fig. 2.1. Block diagram of RSOS 

 

The Splitter has three functions. First, it gets amplified signal away to Output Load and feeds the 

remaining part of the signal to the input of AMP1. Second, it provides extra phase incursion in the feedback 

loop of RSOS. Third, it cuts off signal frequencies below 3 GHz at the RSOS output. The Splitter is symmetric 

and consists of two 3-rd order U-shaped high pass filters (HPF) with 3 GHz cutoff frequency. HPFs are made on 

lumped L and C elements and are connected as  shown in Fig.2.1. Splitter has the minimal power losses in 3–5 

GHz range. 

 
3. Simulation 

 
RSOS dynamics is investigated by means of considering the following questions: establishment of the 

fact of chaotic signal generation at certain parameters of the system; analysis of spectral characteristics of the 
output signal; studying the bifurcation phenomena; determining the scenario of the chaotic oscillations evolution. 

This research can be most effectively carried out by means of simulating RSOS in some CAD system. In our 

case, Advanced Design System (ADS) by Agilent EEsof EDA was used. For simulation, a model of RSOS was 

designed according to block diagram in Fig. 2.1. 

 

An analysis of output signal spectral characteristics of RSOS model has shown that at different 

parameters various oscillation modes, including chaotic, are observed with the supply voltage variation. For 

instance, single-mode oscillations are excited at a frequency close to 4 GHz at supply voltage 1.7 V (Fig. 3.1 a). 

The supply voltage increase up to 2 V (Fig. 3.1 b) leads to excitation of oscillations on the second frequency 

(6.7 GHz). Then the two-frequency self-oscillation mode is replaced by the multifrequency mode (Fig. 3.1 c) 

and, at last, the output signal becomes chaotic at voltage 3.3 V (Fig. 3.1 d). 

 

As follows from the bifurcation diagram analysis (Fig. 3.2), single-mode oscillations are excited first, 

when supply voltage is sufficiently small. Then an increase in the supply voltage actually leads to excitation of 

two-frequency self-oscillations and invariant torus is formed in the output signal phase space. The further 

voltage increase leads to structural reorganization of the resonances on the torus which finally comes to its 

subsequent destruction and transition to chaos. Such structural reorganization of the resonances is reflected in an 

increase of the number of spectral components of the output signal.  Thus, in this case chaotic oscillations are 

excited on the basis of destruction of two-frequency self-oscillation mode. The described process illustrates a 

general principle of UWB chaotic signals generation. 

 

Frequency range and bandwidth of the generated signal utterly corresponds to those of AMPs used and 

the cutoff frequency of the Splitter filters. For example, if operation frequency of microchip amplifiers stretches 

up to 5 GHz and filters cut of frequency is 3 GHz then the power spectrum of the oscillator fits in 3–5 GHz 

frequency range. 

 

Possibility of two-frequency oscillations in the system is explained by the following circumstance. As 

follows from the phase-frequency response (PFR) (Fig. 3.3 a), in the range from 0 to 10 GHz some frequencies 

have phase incursion 2πn, where n is an integer. According to Nyquist-Mihaylov criterion self-sustaining 

oscillations can arise on each of these frequencies in case the amplitude balance is fulfilled (feedback loop gain 

is above unity). Analysis of the amplitude-frequency response (AFR) (Fig. 3.3 b) shows that at supply voltage 

1.7 V the feedback loop gain becomes more than unity at a frequency close to 4 GHz. So, at this frequency a 

first self-sustaining oscillation mode appears. Then, at supply voltage 2 V, oscillations at 6.7 GHz frequency 

occur, thus, two-frequency oscillation mode is observed. 



 

 

a)  b)  

c)  d)  

Fig. 3.1. Power spectrum of the output signal (simulation) for supply voltage:  

(a) 1.7 V; (b) 2 V; (c) 2.4 V; (d) 3.3 V 

 

 
Fig. 3.2. Bifurcation diagram for the output signal amplitude “bif_i” as a function of  “k” that is 

nonlinear proportional to supply voltage 

 

a)  b)  

Fig. 3.3. (a) PFR and (b) AFR of RSOS feedback loop 

 

4. Experimental research 
 

Using positive simulation results, we made experimental testbeds of RSOS on lumped elements. 

Generator testbed was made on 1-mm thick substrate with ε = 4.2. There were no microstrip lines in the RSOS 

topology. The output load was 50 Ohm. Frequency modes were adjusted by varying RSOS supply voltage in the 

range 0 to 3.5 V. Face values of the generator elements corresponded to the face values used in simulation. The 

experimental testbed size was 20 × 15 mm. 

 
Experimental investigation showed that single-mode oscillations excite at the frequency close to 4 GHz 

at supply voltage 1.7 V (Fig. 4.1 a). With an increase of supply voltage two-frequency oscillations (Fig. 4.1 b) 

that are then replaced by multifrequency mode (Fig. 4.1 c) appear. At supply voltage of the order of 2.25 V 

chaotic oscillations occur with the cut up power-density spectrum and integrated power of about –6 dBm. With 

the further increase of supply voltage to 3.3 V RSOS produces 1-mW chaotic signal in 3 – 5 GHz frequency 

band (Fig. 4.2 a). Power spectrum becomes smooth without significant notches. The obtained result 

demonstrates good agreement with simulation in ADS. Generator testbed is shown in Fig. 4.2b. 
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(a)  (b)  (c)  

Fig. 4.1. Power spectrum of the output signal (experiment) for supply voltage: 

(a) 1.74 V; (b) 2 V; (c) 2.3 V 

 

a)  b)  
Fig. 4.2. (a) Experimental power spectrum at 3.3 V (chaotic mode); (b) RSOS testbed 

 

5. Conclusions 
 

In this report, ring-structure oscillator built on microchip amplifiers is described, RSOS model is 

simulated, dynamics of basic oscillation modes are investigated, the fact of the UWB microwave chaotic 

oscillations generating are demonstrated. Chaotic oscillations are excited on the basis of mechanism of two-

frequency oscillation mode destruction. RSOS produces 1 - mW chaotic signal in 3 – 5 GHz frequency band. 

Power spectrum is smooth without significant notches. 

 

Analysis of the results, allows us to draw a conclusion that devices of the structure, described in section 1, 

can be used as compact generators of UWB microwave chaotic signals. Merits of the considered RSOS are: 

simplicity, stability (reproducibility) of chaotic modes. 

 

The described RSOS layout has no microstrips and all its elements are standard SMD components, so the 

similar generator can be implemented as monolithic integrated microcircuit (MMIC) in the near future. 
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