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ABSTRACT 

A scheme for chaotic signal generation in a semiconductor ring laser (SRL) with optical feedback is presented. Part of 
the output is returned to the SRL, resulting in chaotic oscillation.  
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1. Introduction 

It is previously demonstrated that semiconductor lasers 
are widely used in the chaotic Optical communications as 
chaotic carrier source [1-2]. As a special case of semi-
conductor laser, semiconductor ring lasers (SRLs) can 
also be utilized to chaotic communication systems. 

In this paper, we demonstrate the chaotic signal gen-
eration in a SRL with an optical feedback. Simulated 
results indicate the existence of chaotic oscillation in the 
SRL with appropriate disturbance. 

2. Feedback-induced Chaos Scheme 

The feedback-induced scheme for the generation of 
chaos is based on a SRL with a feedback waveguide as 
shown in Figure 1. Part of the output of the SRL is in-
jected back to its cavity after a certain time delay, which 
induces chaotic oscillation in the SRL with appropriate 
feedback parameters. Simultaneously, the lasing direc-
tion of the drive SRL is set to the clockwise as a result of 
mode competition.  
 

 

Figure 1. Schematic illustration of a SRL with a feedback 
waveguide. 

The rate equations of the SRL with optical feedback 
are described here as [3]: 
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where E is the electric field amplitude, Φ is the phase, 
and N is the carrier density. The subscript 1 and 2 ac-
count for the clockwise and counter-clockwise directions 
of the SRL; τ is the delay time of the feedback light. I is 
the injection current of SRL; Kf is the feedback coeffi-
cient, the ratio of the feedback light to the light in SRL 
controlled by the bias current of the couplers. The de-
tailed parameters of SRL are described in [3]. 

3. Simulation Results 

The dynamics of the SRL with optical feedback depend 
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on the adjustable system parameters including the delay 
time of the feedback light τ, and the bias injection current 
I of the SRL, the feedback coefficient Kf. In this paper, τ 
is set to 179 fs, which means that the feedback waveguide 
is about 15μm longer than that of the corresponding part 
of the resonant cavity of the SRL. We focus on the effect 
of the feedback coefficient and the bias injection current 
of the SRL on the nonlinear system. 

It is well known that any system containing at least 
one positive lyapunov exponent is defined to be chaotic 
and the larger the magnitude of the positive lyapunov 
exponent is, the more chaotic the system is. The map of 
largest lyapunov exponent of the system is presented in 
Figure 2 as a function of the feedback coefficient and the 
bias injection current of the SRL, which is approximately 
computed based on the classic Wolf’s algorithm [4]. It is 
clear that the system is chaotic for the most part of the 
region in Figure 2. Figure 3 shows that the chaotic out-
put from the SRL when the feedback coefficient 0.25 and 
the bias current of the SRL is 110 mA, where the largest 
lyapunov exponent is about 0.14. Figure 3(a) is the 
Random-like time series and Figure 3(b) is the impulse- 
like autocorrelation, which also indicates a chaotic system. 
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Figure 2. Largest lyapunov exponent map as a function of 
the feedback coefficient and the bias current of the SRL. 
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Figure 3. Time series (a) and autocorrelation (b) of SRL 
when the feedback coefficients is 0.25 and the bias current 
of the SRL is 110mA. 

4. Conclusions 

The generation of chaotic signal in a SRL with an optical 
feedback is proposed in this paper. The positive lyapunov 
exponent map, time series and autocorrelation of SRL 
indicate the occurring of chaotic oscillation in our 
nonlinear system with suitable system parameters, which 
paves the way for the utilization of SRLs in the chaotic 
Optical communication systems. 
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