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ABSTRACT  

To overcome the crosstalk happening between two degenerately fundamental modes of a fibre in Terahertz (THz) 

regime, a novel photonic crystal fiber (PCF) that yields a wide range of single-polarization-single-mode (SPSM) 

propagation with large loss differences (LDs) is designed. The method used to realize this SPSM PCF is to deposit an 

epsilon-near-zero (ENZ) material in four selected air holes in the cladding, which ends up with four ENZ rings. These 

ENZ rings introduce significant LDs between the wanted (X-polarized) and unwanted (Y-polarized and high 

order) modes. Extensive simulation results demonstrate that the LDs between the wanted and unwanted modes vary with 

the thickness of ENZ rings. With a very short length (4 cm) of the proposed PCF, pure SPSM propagation, i.e., the 

unwanted modes are 20 dB lower than the wanted mode, can be achieved from 1 to 1.2 THz.  
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1. INTRODUCTION  

Polarization maintaining photonic crystal fibers (PM PCF) have been widely used for applications like precision optical 

instruments and sensors1. Generally. there are two types of PM PCFs, i.e., highly birefringent PCF (HB PCF) and single-

polarization-single-mode (SPSM) PCF. To date, various HB PCFs with a birefringence varying from 0.001 to 0.1 have 

been reported2, 3. However, the reported THz SPSM PCFs are much less. 

There are two methods to realize SPSM PCF. A THz SPSM PCF based on index matching technique is reported4, which 

achieves a SPSM operation in a wide frequency range from 1.67 to 1.8 THz. However, the loss difference (LD) between 

the wanted and unwanted modes are not large enough, i.e., the loss factors are 0.004 dB/m and 3.6 dB/m, respectively. 

Another method is based on manipulating the asymmetry of the structure to make the cut-off frequencies of two 

polarized modes different. Therefore, only the higher index mode is allowed to propagate in the fiber core5
 within the 

range of these two cut-off frequencies. 

In this paper, a THz PCF with circular air holes is developed to achieve SPSM operation. The higher LDs between the 

wanted (X-polarized) and unwanted (Y-polarized and higher order) modes are realized by depositing the lossy epsilon-

near-zero (ENZ) material in the four selected air holes. By tuning the thickness of the ENZ rings, one can control the 

SPSM bandwidth and LDs between the wanted and any other unwanted modes. The simulation results demonstrate that 

with proper design the proposed PCF enables SPSM propagation across a wide bandwidth of 0.2 THz where the LDs are 

above 5 dB/cm. This means that a pure X-polarized (XP) mode can be attained after propagating several centimeters 

length within the PCF. All of the simulations in this work were conducted by the COMSOL Multiphysics commercial 

software package. 

2.  CONFIGURATION AND SIMULATION RESULTS 

Cross-sectional view of the proposed THz SPSM PCF configuration is presented in Figure 1a. All the air holes in the 

cladding share the same diameter d1, expect the two air holes alongside the core, which have the diameter d2. The lattice 

constant Λ is the distance between any two adjacent holes in the cladding. A perfectly matched layer with a thickness of 

12% of the whole diameter of the PCF is set concentrically on the outside of the cladding. ENZ material is deposited in 

four selected air holes through high-pressure chemical deposition6, resulting in ENZ rings highlighted by the red color in 

Figure 1. The thickness of these rings is t, which can be controlled by deposition time. In this work, we selected high 

resistivity silicon as the background material because of its great properties, e.g., low bulk material absorption loss < 



 

 
 

 

0.015 cm-1 from 0.1-1.5 THz and stable refractive index 3.427. Naturally existing materials or metamaterials8 can be 

obtained with ENZ properties. According to the data of the reported ENZ materials, we set to be a constant of nenz = 0.22 

－ 0.33j for the refractive index of the ENZ material used in this work. 
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Figure 1. (a) Cross sectional view of the proposed SPSM PCF. (b) TLs and (c) LDs of the proposed PCF.  

Figure 1b exhibits the total loss (TL) of each mode, which mainly contains confinement loss and effective material loss. 

The LDs between the XP and other unwanted modes are plotted in Figure 2c. As shown in the figure, the XP mode has 

the lowest loss, while the Y-polarized (YP) and high order (HO) modes have larger loss factors. Moreover, the YP mode 

has the largest loss factor because with the proposed configuration YP mode has highest E-field ratio distributed in the 

lossy ENZ rings, thus, highest loss. The achieved SPSM band is 0.2 THz from 1 to 1.2 THz, where the TL of XP mode 

is acceptable (below 10 dB/cm) and the LDs are above 5 dB/cm.  

3. CONCLUSION 

This paper demonstrated a novel PCF design that presents a wide bandwidth of SPSM propagation and large LDs 

between the XP and other modes. With the investigation, the PCF yields a SPSM operation window from 1 to 1.2 THz 

and large LDs > 5 dB/cm, which means that a pure XP state would be obtained after propagating very short distance 

within the fiber. The proposed THz SPSM PCF would be promising in polarization sensitive systems9. 
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