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Moiré photonic crystals (PhCs) offer novel approaches to control over the flow of light and have shown 

intriguing phenomena including flat band light localization, which has been utilized for high Q factor 

nanocavities and nanolasers [1]. Bilayer one-dimensional (1D) PhCs are one of the simplest moiré photonic 

structures but have been a profound playground for studying high-Q cavity formation in flat bands [2]. 

However, there has been less discussion on which factors determine Q factor of the localized modes. 

Previously, we reported flat band light localization in bilayer moiré structures formed by 1D PhCs with 

double periodic modulation [3]. In this contribution, we study the very similar bilayer moiré PhC and report 

that the relative lateral shift of the bilayer largely influences on the Q-factor of a flat-band localized mode.  

The investigated structure (Fig. 1(a)) is formed by two 1D Si photonic slabs with N and N+1 unit cells 

with mismatched periods of a1 and a2. Each unit cell (Fig. 1(b)) consists of two rods with widths of f1ai and 

f2ai, where f2ai ≠ f1ai (i=1,2). We investigated two configurations of the moiré PhCs with different relative 

shifts Δs in the unit cells defined in Fig. 1(c) and (d). We numerically analyzed the two structures by the 

finite element method. First, we studied the response of a moiré flat band to the variation of interlayer 

distance L. As seen in the upper panel of Fig. 1(e), the two curves behave similarly but the positions of the 

magic distances are modified. Next, we studied the impact of Δ on Q factor, as summarizes in the lower 

panel of Fig. 1(e). As L decreases, the Q factor of the flat band mode designed with Δ= f1ai/4 (Δ=0) 

increases (decreases), with the maximum value of 1.8×103 (minimum of 300) at L=0, resulting in the 

difference of the Q factors by a factor of more than 6. 
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Figure 1. (a) Investigated structure. (b) Respective unit cells of the PhC bilayer. (c) First unit cells for the moiré 

PhC with Δ=0 and (d) for the case with the unit cells respectively shifted by Δ= fiai/4. (e) Bandwidth of the flat 

band mode investigated. (f) Q-factor as the function of L. a0 is a0=(a1+a2)/2.  
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