| \ Politecnico
dl Bari

Repository Istituzionale dei Prodotti della Ricerca del Politecnico di Bari

Q-factor enhancement in photonic crystal cavities based on trapezoidal slotted nano-sticks for refractive
index sensing

This is a post print of the following article

Original Citation:

Q-factor enhancement in photonic crystal cavities based on trapezoidal slotted nano-sticks for refractive index sensing /
Mendoza-Castro, J. H.; O'Faolain, Liam; Grande, M.. - ELETTRONICO. - (2021). ( Conference on Lasers and Electro-
Optics Europe & European Quantum Electronics Conference, CLEO/Europe-EQEC 2021 Munich, Germany June 21-25,
2021) [10.1109/cleo/europe-eqec52157.2021.9542649].

Availability:
This version is available at http://hdl.handle.net/11589/285160 since: 2025-03-28

Published version
DOI:10.1109/cleo/europe-eqec52157.2021.9542649

Publisher: IEEE

Terms of use:

(Article begins on next page)

09 December 2025



Q- factor enhancement in photonic crystal cavities based on
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2. Institute of Chemical Technologies and Analytics, Vienna University of Technology, Getreidemarkt 9/164, 1060 Vienna, Austria
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Abstract: We present the design of slotted high-Q factor photonic crystal cavity in which an improvement of
2 orders of magnitude in the Q factor, as a function of angle sidewalls and number segments, is demonstrated.

The shift of resonance wavelength in PhCs, induced by changing in the background refractive index, can be
used for refractive index sensing. Besides the strong light-matter interaction, high-Q factor cavities make these
resonators suitable for complete integrated sensing platforms. To achieve this goal, we numerically study the
influence of oblique sidewalls and number segments on the Q factor of a Silicon slotted nano-stick based PhC [1-
3]. Figures 1(a), (b) and (c) show the sketch for the slotted 1D PhC stack mode-gap cavity considered in this work
where the widths (W,(i)) of the dielectric blocks are quadratically modulated (Wy(i) = Wy(0) + i2(Wy(imay)-
W(0))/imas’, from the center to both sides where i increases from 0 to inq. The refractive indexes of the silicon
stack and the silica substrate are 3.46 and 1.44, respectively

l”L IR l{wl
Juonnonooe i t IHIJ L

Tanalyte

a) 70-B=D =5 —— 6=10 - 6=15 = ;9 14 C)
-2

l? ]_0—1 L.;. 10

o o

— [

X X

i =

Q Q

"5 1072 "5

(o] (o]

(& [

> >

B £

E z 107

& 1073 &

1.0 1.1 12 13 14 15 10 20 30 40 50 60
d) Refractive Index (RIU) e) NG

Fig. 1 (a) Schematics of proposed cavity, in which the electric field intensity (|Ey|2) at 1547.8 nm is imposed; (b) Zoom
in picture (a), where a = 410 nm, Ws = 200 nm, Wy = 0.4a and W, parabolically modulated from W,(0) = 3.0a in the
center to W,(20) = 6.0a on either side;(c) Analyte and substrate distribution joint with a lateral view of segment shape,
(d) Q-factor for different analyte refractive index sweeping the angle(0) of sidewalls; (e) effect of the number of
Gaussian mirror segments (NG) on the Q-factor for n, = 1.

Fig.1(d) shows the enhancement of Q-factor with respect to vertical sidewalls (blue) for different analyte refractive
indexes. The main significant increment is achieved at n, = 1. In this regard, Fig. 1(e) shows the effect of the
number of segments (NG) on the Q factor when n, is fixed equal to 1. Consequently, the combination of oblique
angles and number of segments allows to achieve an improvement of 2 order of magnitudes in terms of Q factor.
The proposed approach could be very attractive for gas sensing applications.
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