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Fig. 1 One-dimensional photonic crystal with a nondispersive defect: '=0. (a) Transmission T; (b) The real part of

complex effective refractive index; (c¢) The imaginary part of complex effective refractive index; (d) The ratio of

light speed to group velocity
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Fig. 2 One-dimensional photonic crystal with a dispersive defect: The oscilator strength is taken as I' = 0. 001lw,.

(a) Transmission T; (b) The real part of complex effective refractive index; (c¢) The imaginary part of complex

effective refractive index; (d) The ratio of light speed to group velocity
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Fig. 3 The oscilator strength is taken as '=0. 005w,. (a) Transmission T; (b) The ratio of light speed to group velocity
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Ultraslow Group Velocity in Photonic Crystal with a Dispersive Defect
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Abstract; By means of transfer matrix method, The complex transmission coefficient
through one-dimensional photonic crystal with a dispersive defect which is described by the
Lorentz oscillator model is calculated. The equivalent index of refraction defined through the
complex transmission coefficient is calculated and the group velocity of an optical pulse with
frequency spectrum around the defect mode frequency is investigated. It is found that the
equivalent dispersion of the photonic crystals relies strongly on the dispersion of the defect
because the transmission spectrum depends sensitively on the optical thickness of the defect
which varies with frequency. Since the pulse is composed of a variety of monochromatic field
and the transmitted pulse is a re-superposition of all transmitted monochromatic components,
the behavior of the pulse propagation is determined by the equivalent dispersion of the
medium. Compared with the case that the defect is non-dispersive, the dispersion of the defect
layer leads to an ultraslow group velocity. By changing the strength of the oscillator, the
group velocity can be changed from subluminal (slower than the vacuum light speed) to
superluminal (faster than the vacuum light speed).

Key words: guided wave and fiber optics; photonic crystal; dispersion; group velocity



