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Abstract 
This dissertation shows numerical simulations on the phenomena of the 

optical feedback (OFB) noise in semiconductor lasers, its suppression by the 
superposition of high frequency (HF) current and conditions at which the HF 
current is unable to suppress the noise. A set of multimode rate equations are 
formulated, in which the self and mutual gain saturation effects among lasing 
modes, re-injection of delayed feedback light reflected at surface of connecting 
optical device and Langevin noise sources for the intensity, phase and carrier 
number fluctuations are taken into account. Numerical simulations based on our 
theoretical model confirmed that the feedback noise is classified into two types 
based on profiles of the frequency spectrum, where one is the low frequency type 
and another is the flat type. Superposition of HF current is used as a technique 
to suppress the OFB noise. However, this is not effective when frequency of the 
HF current coincides with a rational number of the round trip time for the OFB. 
Generating mechanism of the OFB noise and its suppression are explained with 
approximated but analytical equations. The evidence of agreement between 
experimental results and numerical simulations based on our model supports the 
accuracy of the model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

Semiconductor lasers play a central role in the growing world of 
optoelectronic technologies. A measure of the importance of this emerging 
optoelectronic technology is provided by the optical disc players, laser printers 
and the optical fiber communication system. But semiconductor lasers tend to be 
suffered by the optical feedback (OFB) noise caused by reflection of the output 
light at surface of the optical disc or the optical fiber. Hence, it is required to 
reveal the lower noise for the higher performance. This dissertation shows 
numerical simulations on the phenomena of the OFB noise, its suppression by 
the superposition of high frequency (HF) current and the condition at which the 
HF current is unable to suppress the noise. 

In this dissertation, we present an improved theoretical model to analyze 
dynamics and operation of semiconductor lasers under optical feedback. The 
model is based on a set of multimode rate equations in which the self and mutual 
gain saturation effects among lasing modes, re-injection of delayed feedback light 
reflected at surface of connecting optical device and Langevin noise sources for 
the intensity, phase and carrier fluctuations are taken into account. The 
proposed model is applied to 850nm GaAs lasers operating under optical 
feedback. Temporal variations of photon numbers, optical phases and electron 
density are traced by numerical calculation, and frequency spectra of intensity 
noise are determined by help of the fast Fourier transformation. Characteristics 
of the OFB noise are expressed in terms of the relative intensity noise (RIN). 

10
6

10
7

10
8

10
9

10
10

10
-17

10
-16

10
-15

10
-14

10
-13

10
-12

10
-11

noise frequency (Hz)

R
IN

 (
H

z-1
)

Ith=16.1mA

l=15cm
I=1.7Ith

=0 (quantum noise)

=2.45x10-3 (low frequency type noise)

=7.5x10-3 (flat type noise)

Without modulation

 
Fig. 1. Simulated spectra of RIN profiles for different OFB strengths. OFB noise 

is classified into low frequency type and flat type based on noise freq. profile. 

The intensity noise of the semiconductor lasers consists of the quantum 
noise and the optical feedback noise. The quantum noise is generated by intrinsic 
property of the quantum mechanical fluctuation of the laser and very difficult to 
control in principle. On the other hand, numerical simulations based on our 
theoretical model confirmed that the OFB noise is classified into two types based 
on profiles of the frequency spectrum, where one is the low frequency type and 
another is the flat type. The low frequency type noise must be caused by the 



  

mode competition among the lasing modes in the solitary laser, and the flat type 
noise by the phase distortion between the internal reflected light and the 
external feedbacked light [1]. 

The output noise level of the laser is increased by 20dB or more as a result 
of the optical feedback and this excess noise degrades performance of the system. 
Superposition of high frequency current is used in this dissertation as a 
technique to suppress the OFB noise. The OFB noise is well suppressed by 
suitable selections of frequency and amplitude of the superposed current. The 
HF current modulates both electron number and photon number which works to 
change the operating state of the lasers from bi-stable to monostable, and stop 
mode hopping resulting in suppression of the OFB noise. 
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Fig. 2. Calculated data showing dependence of the RIN on modulation frequency 

of the superposed HF current. 

However, this technique is not effective when frequency of the HF current 
coincides with a rational number of the round trip time for the OFB. In that case, 
modulations of the electron number and the photon number are suppressed by 
the phase locking effect with undesirable phase relation and thus, the noise 
suppression effect does not work under this condition [2]. 

Generating mechanism of the optical feedback noise and its suppression 
by the superposition of high frequency current are explained in this dissertation 
with approximated but analytical equations. Excellent correspondence between 
previously obtained experimental data and simulation is also demonstrated. 
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