Multiple Defect Modes in One-Dimensional Quasiperiodic Photonic Crystal
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The experimental and theoretical investigation of quasiperiodic porous silica photonic crystals (PCs) with artificially introduced cavity modes is presented. Narrow peaks caused by edge modes and cavity modes were observed in each band gap.

A plenty of linear and nonlinear optical effects can be enhanced by the light localization near the photonic band gap (PBG) edges. A wide class of nonlinear effects, such as sum frequency generation and coherent anti-Stokes Raman scattering, involves interaction of two or more waves with different frequencies. The enhancement of these effects can be improved by the photonic crystal with two or more band gaps located in effect-specific spectral ranges. It can be achieved by using quasiperiodic photonic crystals (QPPCs) [1] which have multiple photonic band gaps 
and the position of each PBG can be varied independently of each other.
Microcavities, the PCs with defect layer of ~λ/2 thickness, can be used to concentrate light of a narrow spectral range. However, the production of QPPC-based microcavity is not trivial: the cavity mode depends on the thickness of the cavity layer. In case of two different PCs with defect layer embedded between them such modes are also called optical Tamm states [2]. In this paper we propose the QPPC with narrow spectral dips based on cavity modes. The cavity modes are localized at the defect layer and decay into both QPPCs with slightly different reciprocal lattice vectors. Hence two QPPCs have pairwise partially overlapping band gaps.
The QPPC structures composed of two QPPCs with two spatial periods each were produced by electrochemical etching of silicon [3]. The reflectance spectra were calculated by the transfer-matrix method. Two wide bandgaps in ranges of 435-500 nm and 730-870 nm can be observed. Each bandgap has a narrow dip in the reflectance spectrum corresponding to cavity mode at the defect layer between the QPPCs. The dip in the bandgap near 800 nm consists of two close modes corresponding to edge mode of one of QPPCs and cavity mode. This two-fold structure was not observed in the reflectance spectrum of the QPPC structure without the cavity layer.
The quasiperiodic photonic crystal structure with multiple photonic band gaps and narrow cavity modes in each PBG is experimentally demonstrated. The spectral position of each PBG and cavity mode can be tuned independently. The presented structure can be used for the enhancement of nonlinear interaction of two or more different waves or as the selective multiband interference filter.
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