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Properties and Critical Behavior of Fundamental Surface
Defect Mode Soliton
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(School of Physical Science and Technology, Yangtze University, Jingzhow, Hubei 434023, China)

Abstract Properties of the fundamental surface defect mode soliton have very important applications in all-optical
control field. Based on nonlinear Schrodinger equation, properties of the fundamental surface defect mode, which can
be supported by semi-infinite lattices with a local defect in Kerr-type nonlinear media, have been studied in details by
employing numerical methods such as image-time method, nonlinear relaxation method and split-step Fourier
algorithm. The research results show that the fundamental surface defect mode can only stay in the defect channel
when the defect is attractive. However, when the defect is rejective, the fundamental surface defect mode can stay
in the defect channel or not. In such a system, there are several critical values of the system parameters, and it is
found that whether the fundamental defect mode can locate in the defect or not depends on whether the parameter
value is higher or lower than its critical value when other parameters remain unchanged. In terms of physical
mechanism, the competition between the optical lattices and nonlinear refractive index induced by optical beam leads
to the occurrence of the critical behavior.
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Fig. 1 (a) Profiles of the fundamental surface defect mode amplitude (solid line) and linear refractive index distribution

(dash line) for attractive-defected lattices; (b) propagation and evolution of the fundamental surface defect mode;

(¢) dependence of the energy flow U on the propagation constant b
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Fig. 2 Dependences of peak amplitude and width of the fundamental surface defect mode on (a) defect strength A,

(b) lattice depth p, (¢) lattice frequency Q2 and (d) energy flow U
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Fig. 3 Profiles of the fundamental surface defect mode amplitude (solid lines) and linear refractive index distribution (dash

lines) for rejective-defected lattices with different lattice depths
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Fig. 4 Profiles of the fundamental surface defect mode amplitude (solid lines) and linear refractive index distribution

(dash lines) for rejective-defected lattices with different defect depths
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Fig. 5 Profiles of the fundamental surface defect mode amplitude (solid lines) and linear refractive index distribution

(dash lines) for rejective-defected lattices with different energy flows
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Fig. 6 Profiles of the fundamental surface defect mode amplitude (solid lines) and linear refractive index distribution

(dash lines) for rejective-defected lattices with different lattice frequencies
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