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Tamm state of semi-infinite photonic crystal based on
surface defect cavity with porous silicon and its
refractive index sensing mechanism”

Chen Ying'! Fan Hui-Qing Lu Bo

(Hebei Province Key Laboratory of Test/Measurement Technology and Instrument, School of Electrical Engineering, Yanshan

University, Qinhuangdao 066004, China)

( Received 4 May 2014; revised manuscript received 4 July 2014 )

Abstract

A refractive index sensing structure based on the Tamm state of photonic crystal with surface defect is proposed
by combing the Tamm state of semi-infinite photonic crystal with the optical sensing mechanism of porous silicon, in
which the efficient bearing mechanism of the porous silicon is introduced into the surface defect cavity. The existence
of Tamm state is demonstrated at the edge between the defect cavity and the periodical photonic crystal structure, and
the total reflection in the defect cavity is formed by adjusting the incident angle. The resonant defect peak is obtained
in the reflection spectrum by adding an absorbing medium into the defect cavity in order to reduce the reflectivity of the
resonant wavelength. The full width at half maximum and the quality factor (@ value) can be optimized by adjusting
the parameters of photonic crystal. Based on those results, according to the relationship between Goos-Hanchen phase
shift and the resonant wavelength, the model for the relationship between the resonant wavelength and the effective
refractive index variation of porous silicon adsorbing layer caused by the change of the refractive index of the sample
is established, and its refractive index sensing characteristics are analyzed. The numerical simulation results show that
the Q value can attain to 1429 and the sensitivity is about 546.67 nm-RIU ™!, which can demonstrate the effectiveness
of the structure design and provide some theoretical references for designing the refractive index sensors with high @Q

values and sensitivities.
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