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Abstract 
we study how to control the dynamics of excitable systems by using the phase 

control technique.We study how to control nonlinear semiconductor laser dynamics 

with optoelectronic feedback using the phase control method. 

The phase control method uses the phase difference between a small.added frequenc

y and the main driving frequency to suppress chaos, which leads to various periodic 

orbits. The experimental studying for the evaluation of chaos modulation behavior 

are considered in two conditions, the first condition, when one frequency of the 

external perturbation is varied, secondly, when two of these perturbations are 

changed. The chaotic system becomes regular under one frequency or two 

frequencies, But in two frequencies ,phase control showed an 

excellent ability to maintain regular behavior in chaotic window and reexcite chaotic

 behavior when destroyed. This dynamics of the laser output are analyzed by time 

series and bifurcation diagram. 
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 الخلاصة
الخطية الفهضهية باستخدام طريقة التحكم في  اشباه السهصلات غير ليزر  درسشا كيفية الديطرة في     

الطهر. طريقة التحكم في الطهر تدتخدم فرق الطهر بين  التردد الرغير السزاف والتردد الرئيدي لقسع 
لتقييم سلهك تذكيل الفهضى اخذت  عسليةالفهضى ، الأمر الذي يؤدي إلى اختلاف السدارات الدورية. الدراسة ال

عشدما يتغير تردد واحد من الاضطراب الخارجي ، والثاني عشدما يتم تغيير اثشين من في حالتين : الأولى ، 
ىذه الاضطرابات. فيربح الشظام الفهضهي مشتظسًا تحت تأثير تردد واحد أو اثشين من الترددات ، ولكن التحكم 

وكذلك اعادة إثارة فهضهية الفي الطهر بترددين اثبت قدرتو على الحفاظ على الدلهك الدوري داخل الشافذة 
 الدلهك الفهضهي من جديد. يتم تحليل ديشاميكيات إخراج الليزر من خلال الدلاسل الزمشية ومخطط التذعب.
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Introduction   
     Chaos is a term used to describe the irregular behavior of dynamic systems resulting from a strictly 

deterministic evolution of time without any noise. [1] Chaotic behavior takes place in dynamic 

systems broadly and in a large number of applications. Chaotic behavior divided to either natural 

systems or man-made devices like in technological application, and usually represent an undesirable 

character or artifact .Chaos control methods had to be developed in the last years as a control system 

for chaotic behavior. [2] 

     By using a semiconductor laser, we can have chaos by a setting of the control parameters. 

Semiconductor lasers (class B) are defined by two variables: the photons intensity and population 

inversion. And so, an external modulation or feedback is needed to have chaos in class B, like 

optoelectronic or optical as a common feature in the semiconductor laser [3, 4] . one of the access 

control  the parameter is the use of an external sinusoidal modulation of the injection current and that 

can perturb a semiconductor laser. Chaos control is considered most interesting and stimulating 

nonlinear dynamics methods, control methods are divided into two major categories depending on 

their interaction with the chaotic system, i.e. feedback and non-feedback methods [5, 6]. In the 

feedback method a small state dependent perturbation is used  [7, 8]. While a tiny perturbation is used 

in non-feedback methods [9, 10].          

     In non-feedback techniques, the phase control in a chaotic system have a decisive role. The phase 

difference between the main drivers responsible for the appearance of chaos linked to external 

perturbation is considered the key parameter in the control method  [11]. The most important factor of 

control Method is chaotic system associates an external frequency of modulation with the role of an 

intrinsic reference clock for a control frequency with an adjustable phase shift. The frequency ratio 

between (modulation and scanning) will be varied, which make an interesting phenomenon that gives 

importance to the method of chaotic encryption. Attention should be paid that control method can not 

be used to stabilize fixed-point or stable solutions [12, 13]. 

Yang et al. and Qu et al. showed that a precise alternative to the phase allows,the amplitude of the pert

urbation added to suppress chaos to be attenuated or leads to  

the spread of periodic orbits.[14,15].The dynamical state of a nonlinear system (semiconductor laser) 

has been changed by Sora et al. and this was done by adding noise. These changes dependencies on 

the noise amplitude. [16] The duffing oscillator had been used by Arecchi et al. as a paradigm for the 

phase control through numerical exploration and that made the important role played by the phase 

more obvious. [17] Also, a method of multi-frequency phase control used by K. Al Naimee et al. 

which applied to a discrete economic mode “cobweb-model” with adaptive price expectations using 

parameter values where regular and chaos windows appears. [18] 

     In this work, we described the experimental details where the phase control method is applied on a 

chaotic semiconductor laser. The behavior of the dynamical system and the effects of various external 

modulation frequencies are shown in “Controlled bifurcation scenarios”. 

Experimental work and discussions 
     The phase control method is applied to the Experiment for controlling the chaotic behavior. To this 

purpose, we configure the experimental set up as shown in Figure-1, it is a system, includes a 

semiconductor laser (hp / Agilent model 8150A optical signal source) with Operating current 70µA 

and ac-coupled optoelectronic feedback. The laser provides an emission with wavelength center at 850 

nm, transmit by single mode optical fiber( 10-125 )µm core cladding diameter and maximum output 

power of  2mW at room temperature. The Photodetctor that used in this setup is THORL ABC model 

D400FC . The model of function generator  is UTG9002C with Range 2MHz  . 
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Figure 1-Experimental setup with OEFB for investigating phase control method in chaotic dynamics.  

 

     SL, 850 nm semiconductor laser; OF, optical fiber; DC 50∶50, single-mode 2 × 2 directional 

coupler; PD, photodetector; FG, function generator; VGA, variable gain amplifier;  DSO, digital 

storage oscilloscope. 

     The output laser beam is sent through an optical fiber to a photodetector, where the optical signal is 

converted to an electrical signal. The generated electrical current is proportional to the optical 

intensity. Then the electrical signal passes through a variable gain amplifier. After that, the electrical 

signal is feedback to the mixer then to the semiconductor laser. feedback current mixed with bias 

current and coming two signals from the function generator mixed inserted in modulation pin by 

differential amplifier. The chaotic semiconductor laser output is modulated by external signal using a 

function generator then added other perturbing frequencies for scanning   the main modulation 

frequency. 

     The dynamics of the field density S and the carrier density N are proposed by single-mode 

semiconductor laser with optoelectronic feedback model [3]: 
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     where I = high-pass filtered feedback before the nonlinear amplifier, V = volume of active layer ,Nt 

= carrier density at transparency, I0 = bias current, e = electron charge, ƒF  (I)≡AI/(1+S'I) = feedback 

amplifier function, ɣc = population relaxation rate, k = a proportional coefficient to the responsively of 

the photo detector, g = differential gain, ɣ0 = photon damping, ɣƒ = the high-pass filter cut off 

frequency. 

     The field density and carrier density are two linked variables used to describe the complete 

dynamics in our system. These variables have two very different characteristic time-scales. The 

application of optoelectronic delay feedback shows two benefits: firstly, adds a third degree of 

freedom in our system, secondly, adds a third much slower time-scale. 

     There is a need to rewrite equations 1, 2 and 3 in dimensionless form for analytical and numerical 

purposes; therefore, new variables were inserted: 
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Then, the rate equations become: 

                                                                                                       
                                                                                    

                                                                                                   
 

     where S=ɣc S'k/g  is the saturation coefficient, δ0=(I0-It)/(Ith-It)  is the bias current,        
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  For more simplifications of dimensionless equations, let z=w+ χ. 

     The nonlinear dynamics of SLs with OEFD are represented in equations 4 (a, b, and c), where the 

first equation represents the photon density or output laser ray intensity and the second equation 

represent the population inversion. The feedback needed to generate chaos is represented by the third 

equation. This feedback is composed of the bias current and the intensity of laser output. 

     In phase control, the method relies on the addition of small harmonic perturbation parameters with 

adjustable phase. The key parameter in this control remains the phase difference between the required 

frequency to generate chaos (considering a modulation dynamical system) and the external 

perturbation frequency. In the phase control method, a new term (1+K) is introduced to equation 4(c), 

where K is an external perturbation. The equations then become[19]: 

                                                                                               

    (      
 

    
   )                                                       

                                                                                    
 

     where K = (1+Asin(2πmf1t)+ɸ)sin(2πf2t), f1, f2 are external perturbations frequencies ; m  

represents the frequency ratio where our investigations will assume integer and fractional values. After 

fixing m, the perturbation strength ε and phase difference ɸ becomes the two control parameters. 

Phase control of a chaotic system consisting of two frequencies as disturbance to a regularly operated 

chaotic system and using the phase difference to change the  

system's dynamic state.The most necessary properties of this method, Only an accurat selection of freq

uencies leads the system to different orbits once, so we tend to fix  the amplitude and frequency 

modulation, and then increase the externalfrequencyof the disturbance, minimizing the amplitude nece

ssary to suppress chaos.      

The phase then represents another degree of freedom that is crucial to achieving control. Two function 

generators are used as a multi-frequency provider to phase control the system, one of them fixed about 

200Hz and 0.6 volt for amplitude, another frequency scanned from (160-700) Hz which fixed at 

0.06volt as amplitude .The behavior of the system  after adding two frequencies as shown in Figure-2.  
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                  (a) 

 
                                                                      (b)  

 
                                                                     (c) 

               

Figure 2-The time series and Fast Fourier Transformation( FFT ) of chaos modulated with (a) 170 Hz, 

(b) 450Hz, (c)500Hz. 

 

     We've got that by increasing the perturbation frequency and fixed the another frequency  which 

leads the system from chaos state (Figure-2(a)) to a hyper-chaos (Figure-2(b)) so back to chaos 

state(Figure-2(c)). The phase different between these frequencies (ɸ) made these transformation in this 

nonlinear system. This state compared with the chaotic system but adding only one frequency as 

shown in Figure-3. 
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                                             (a)  

 
                                                    (b) 

  

 
                                                      (c)                                                                                                            

Figure 3-The time series and Fast Fourier Transformation (FFT) of chaos modulated with (a) 170Hz, 

(b) 320Hz, (c)600Hz. 

 

     In Figure-3, The chaotic system  for one frequency of the control parameters has the same behavior 

(the system is led from chaos to a hyper-chaos) but with shift from the chaotic system that has two 

frequencies.  

     The results indicated that the  one frequency could be considered as a parameter which control the 

system’s collective dynamics, but, very interesting results have been obtained regarding by adding two 

frequencies on the chaotic systems, the phase different  between these frequencies  ɸ have been 

controlled  the chaotic system from chaos to hyper chaos and then to chaos.  

     The bifurcation diagram for different frequencies is plotted together, the bifurcation 

diagram is used to check chaotic routes and changes in output for variations in control parameters in n

onlinear systems. The variation of the two frequencies lead to shifting in the bifurcation diagram, this 

shift is indicated in Figure-4.       
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Figure 4-Bifurcation diagram with different modulation frequencies. 

 

     Figure four shows these frequencies lead the system to change from chaos to a hyper-chaos state so 

back to chaos. A second frequency appears with a further change in the control parameter compared 

with the one frequency. Then we begin with another dynamics, amplitude and Frequency are fixed at 

0.8 volt, 200Hz, another frequency scanned from (160-700) Hz which amplitude is fixed at 0.08 volt. 

In this condition, we have found by increasing the perturbation frequency leads the chaotic system to a 

hyper-chaotic and then to steady state, this case compared with the chaotic modulation for only one 

frequency which has the same behavior but with shift, these states with different frequencies are 

plotted together as shown in Figure-5.  

 
Figure 5-Bifurcation diagram with different modulation frequencies 

 

The relationship between the frequency of modulation and the frequency of  external oscillations cause

 the shift in the diagrams of bifurcation as shown in Figure-5. the main features of phase control 

method: that an adequate choice of the phase leads the system from chaos to different periodic states, 

and how an accurate choice of can minimize the amplitude of the applied perturbation. However a 

thorough exploration of the parameter space allows us to find also new patterns on how phase control 

acts in this system, that were not previously observed. We underline the strong dependence of this 
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control scheme on the symmetries of the system, and we can clearly visualize how the election of is 

strongly affected by the amplitude and the frequency of the harmonic perturbation. When the 

frequency of modulation is close to the frequency of external oscillations, the position of critical points 

are changed and leading to this shift.  

Conclusions 

     Phase control of chaos, consisting of applying a small parametric harmonic perturbation to a 

periodically driven chaotic system and use the phase difference ɸ to vary the dynamical state of the 

system. The most important properties of this method: that only a correct choice of ɸ can lead the 

system to a periodic orbit (once we fix the amplitude) of the perturbation and that, by adequately 

selecting the phase, the necessary amplitude to suppress chaos can be minimized. The phase control 

method has crucial effects on the Chaotic, Semiconductor, Laser. If the quantitative relationship of 

frequency or amplitud is varied, this method improves behavior in regularandchaotic  regime.   

We have shown that the system led from chaos to a hyper-chaos state by increasing  

the frequency of perturbation and then back to chaos. When the perturbation amplitude increasing we 

can lead the system from chaos to hyper chaos and then back steady state. These 

features can be used in telecommunications when a chaotic carrier is used to transfer information. 
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