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Abstract

A method of controlling chaos is presented by phase conjugation feedback (PCF) in a semiconductor

laser. The physical model of controlling chaos produced by modulating the current of semiconductor laser is set up

under the condition of PCF. The physical mechanism is found that the nonlinear gain coefficient and linewidth

enhancement factor of laser are affected by PCF, the system dynamical behavior and its frequency characterization

can be changed and controlled. The effect quantity relates to the feedback coefficient, the delay time and the

linewidth enhancement factor. Numerical simulations show that chaos is controlled into the periodic state, the dual-

periodic state, the multi-periodic state respectively by controlling PCF light delay time under the conditions of

different PCF light intensity. And the laser emitting power is increased by PCF when chaos are controlled in all

kinds of periodic states because that the performance characterization of the PCF light can produce the coherent

function on the laser emitting light to realize controlling chaos in PCF controlling chaos processes.
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Fig. 1 Schematic block of controlling chaotic laser via
phase conjugation feedback, where PM is the

phase conjugation feedback mirror
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Fig. 2 Chaotic laser waveform (a) and phase

diagram of attractor (b)
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Table 1 Laser parameters
Parameter Symbol  Value Parameter Symbol Value
Active cavity length /pm L 350 Nonradiative recombination rate /s ! A, 1.0x10*
Active cavity width /pm w 2 Radiative recombination coefficient /(cm?®/s) B 1.2X10°1
Active cavity thickness /pm d 0.15 Auger recombination coefficient /(cm®/s) C 3.5X10°%
Mode confinement factor r 0.29 Amplitude at saturation /m */* A, 1.6619x10"
Group refractive index ng 3.8 Gain constant /cm? a 2.3X10°1°
Cavity loss /em™! U 29 Linewidth enhancement factor B 6
Internal loss /em™ Qint 20 Drive current /mA 1 20
Carrier density at transparence /ecm ™ °®  ny, 1.2X 10" Detuning /rad Aw 0
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(a) 7=0.45ns (b) T=2.08ns
0.10 k =0.001 0.10 BrPhw o0 w
-V ~ =1]1. S & m
' T=0352ns 5 0.08 "
<
o0 < 0.06
2 < 0.04
< 0.06 0.02
B 0 8 191 1.6 1 1.8 1.9
0.04 " 121.5 1.6 1.7 1. 915 s .7 .
L © =3.70 (d) T=4.50ns
0.02 0.10 k-0001 o0
: ’; 0.08 P=1.41 mW = m
-]
" , £ 0.06
1.5 1.6 1.7 1.8 1.9 < 0.04
Niau) 0.02
0
[ 3 JR A 4 ) 30 X ] A 2 15 1.6 1.7 18 1915 16 1.7 1.8 1.9
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Fig. 4 Procession of chaos into period (limiting cycles)
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Fig. 6 Chaos into different dual-periodic states (a) and

periodic states (b)
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