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Summary of Doctoral Thesis:

Bloch surface waves (BSW) are electromagnetic modes which are localized on the
surface of a photonic crystal (PC) structure. Due to its evanescent nature, the field
intensity of this mode is localized at the interface of air and the dielectric layer. If an
additional thin organic layer is deposited on the top surface of the PC structure as the
active layer, there is a chance to form strong coupling between the BSW mode and the
exciton state of the organic molecule. The resulting mixed state is called BSW-polariton,
which is similar to the surface plasmon polaritons (SPPs) existing at the metal/dielectric
interface. The advantage of BSW-polariton is its low loss, long-range propagating
nature, which will be beneficial for the applications such as BSW-based optical devices.

To realize an optimum strong coupling between BSW and the active layer, the fine
tuning of the design of the PC structure is crucial. In this thesis, distributed Bragg
reflectors (DBR) composed of multiple layers of Ta;Os/SiO, are designed based on the
transfer matrix simulations. The dispersion and the intensity distribution of the BSW
mode is highly affected by the condition of the “truncation layers™ which is the topmost
Ta20s/8102 layers. It is shown that the anti-crossing structure of the exciton and BSW
modes is automatically implemented when the complex refractive index of the active
layer is taken into account. From the TMM analysis, it is found that the integrated
electric field intensity (o) within the active layer gives a good estimate for the Rabi
splitting parameter. On the other hand, the simulated angle-dependent reflectance
spectra reveal the trade-off relation between the highly-localized BSW structure and the
leakage radiation which is necessary for the far-field detection. As a result, a
compromise of these two parameters is necessary. The present results offer important
insights to connect between the experiments and simulations of BSW-exciton-polariton

structures, which will be beneficial as a guideline for the fabrication of BSW-polariton

based devices.
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