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Abstract. A negative curvature hollow-core fiber design with double pole-

anchored cladding elements is numerically proposed for spectral filtering. 

The fiber structure is investigated for improvement in filtering ability 

through manipulation of the pole length. The findings reveal reduced 

confinement losses as low as 0.0003 dB/km for filtered and 0.0054 dB/km 

for unfiltered wavelengths yielding enhanced loss modulation depth. 

1 Introduction 

Negative curvature hollow-core fibers (NCFs) employing hypocycloid cladding elements 

have recently showed lower transmission losses than solid-core silica fibers [1]. Various 

cladding designs in NCFs have been proposed for enabling polarization maintenance and 

frequency-selective transmission [2], [3]. While polarization-maintaining (PM) NCFs remain 

an active research area, spectral filtering in NCFs is still underexplored. This study explores 

enhancing the filtering ability of a novel pole-anchored nested tubular negative curvature 

fiber (Pole-NCF) design [4] by adding a second concentrical nested pole structure. The 

proposed double pole-NCF design exhibited reduced propagation losses and improved 

spectral filtering along with higher loss modulation depth. Such selective transmission in 

NCFs is promising for applications in laser suppression and emission at targeted 

wavelengths, PM fibers, sensing, and wavelength division multiplexing (WDM). 

2 Fiber Design 

The cross-sectional schematic of the Pole-NCF design is shown in Fig. 1(a). The silica-based 

fiber design parameters include the core diameter (D), outer cladding tube diameter (d), strut 

thickness (t), pole length (LP), and inner cladding tube diameter (d1 -dependent on LP). Fig. 

1(b) illustrates the double pole-NCF structure with pole lengths LP1 and LP2 (a = LP2/LP1). 

Numerical modeling was performed using COMSOL Multiphysics software with 

electromagnetic waves frequency domain (EWFD) module. Initially, convergence studies 

were run to optimize the perfectly matched layer (PML) thickness and mesh size at 1.55 µm 

wavelength for accurate solutions [4], [5]. 
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Fig. 1. Schematic of (a) Pole-NCF structure, and (b) proposed Double Pole-NCF structure. 

3 Results and discussion 

Systematic optimization of double pole-NCF parameters was performed to find the lowest 

loss configuration with double pole structures in the spectral region of 1.0 to 1.6 µm 

wavelengths. Fig. 2(a) shows the effect of pole length, LP (LP1 = LP2), on the losses of filtered 

(low-loss) and unfiltered (high-loss) wavelengths. Similar optimization steps were 

performed, and other parameters were also calculated as D = 30 µm, d = 25 µm, and t = 0.4 

µm. It is confirmed that keeping LP1 equal to LP2 gives the lowest losses with high loss 

modulation depth. The optimized pole-NCF design specifications are D = 30 µm, d = 25 µm, 

LP = 4.6 µm, and t = 0.4 µm. Fig. 2(b) shows the loss comparison of pole-NCF and double 

pole-NCF (LP = 2.9 µm), providing an order of magnitude improvement in the losses. Two 

high amplitude filtered spectra are observed around 1.3 µm showing significantly higher loss 

modulation depths compared to pole-NCF. 

Fig. 2. (a) Impact of varying pole lengths LP (LP1 = LP2), and (b) comparison of pole-NCF and double 

pole-NCF designs loss curves. 
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