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A topological photonic insulator (TPI) provides a platform for the robust transfer of electromagnetic (EM) energy 

against structural disorder and sharp bendings. Here, we examine the robust propagation of the THz waves in the 

presence of 4 sharp bendings as well as unit cell defect present in the topological channel. This work would be 

useful for defect-immune THz on-chip applications and devices. 

Recently, TPIs have attracted great attention due to their robust propagation of the EM waves that are immune to 

backscattering and defects. These fascinating properties can be realized by constructing artificial domain 

boundaries (DBs) with different Chern indices [1,2]. Meanwhile, utilizing topological states with strong 

robustness can pave a new avenue to control light, and it has been applied to photonic integrated devices, such as 

topological beam splitters [3], nonlinear devices [4], filters [5], and so on. 

 

Figure 1: (a) The Schematic of a TPI based on the all-dielectric material, unit cell, and its lateral view. (b) The 

band calculation, (c) dispersion band relation for δd = 0.355a, and (d) The robust transmission for the straight 

domain (blue), Ω-shape domain (red), and unit cell defect (green). The electric field profiles for (e) 4-sharp 

bending and (f) unit cell defect. 

The design of the all-dielectric-based TPI is depicted in Figure 1(a) where the rhomboidal unit cell comprises of 

two holes with the same diameter (symmetric case) and different diameters (asymmetric case). The PTI comprises 

air holes patterned in a honeycomb lattice, on a dielectric slab (𝜀r =11.9) having a height ‘h’ on top of a substrate 

(𝜀r = 2). The PTI comprises of two VPCs (VPC-I and VPC-II) that form a zigzag domain boundary (black solid 

line) (Fig. 1(a)). The VPC unit-cell comprises two air holes with radii, R1 and R2, and lattice constant ‘a’ (Fig. 

1(a) [bottom]). We also introduce an asymmetry parameter as ∆𝑅 = (𝑅1 − 𝑅2). In our analysis, the structural 

parameters are defined as: a = 240 μm, h = 215 μm , R1 =10 μm and R2 =52 μm . The TE band structure for ∆𝑑 =
0 (blue dashed line), ∆𝑅 = 0.175𝑎 (red line) are shown in Fig.1(b). However, the topological edge state generates 

with the introduction of the asymmetry in presence of the DB which is depicted by red lines in Figure 1(c). These 

edge states allow one-way wave propagation and forbid bulk-edge transportation. The robust transmission for the 

straight domain and Ω-shape domain with and without the presence of the unit cell defect are illustrated in Fig.1(d) 

and the corresponding electric field profiles are shown in Fig.1(e) and (f). Because of the pseudospin-locked 

properties of the photons within the DB, the THz wave propagation is strongly immune to the sharp bending as 

well as unit cell defect present in the topological channel. This work will boost the robust THz propagation-based 

devices for on-chip applications. 
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