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Summary:

A simple and practical structure of helically twisted photonic crystal fiber (PCF) with Topas material is
designed for the first time. The core of the fiber is air which is the most transparent material for trans-
mitting terahertz (THz) waves while its cladding is proposed with a single ring of air holes. A complete
twist along the 50cm fiber shows five low loss transmission bands in the ranges of 0.44-0.62, 0.87-
1.42, 1.4-2.04, 1.98-2.48 and 2.7-3.0 THz. The proposed helically twisted PCF sensor with maximum
sensitivity of 3125 GHz/RIU is shown to have great applications for gas sensing in the THz region.
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Background, Motivation an Objective

Terahertz (THz) frequency range in the elec-
tromagnetic spectrum is mostly known as 0.1-
10 THz. In this paper, a simple and practical
structure of a twisted photonic crystal fiber
(PCF) sensor made of Topas as a polymer
material is proposed. The fiber core is air which
is the most transparent material for propagating
terahertz waves, and the cladding of fiber is
proposed to be an air-hole ring in the back-
ground material of Topas with perfect circular
symmetry [1]. The purpose of designing this
twisted PCF sensor is to propose a simple yet
efficient structure in the THz range [2]. We de-
signed and simulated the desired sensor with a
complete twist over 50cm of fiber length provid-
ed five low loss transmission bands in the rang-
es of 0.44-0.62, 0.87-1.42, 1.4-2.04, 1.98-2.48
and 2.7-3.0 THz for five gases with refractive
index (RI) includingn=1,n=1.02, n =1.04, n
= 1.06 and n = 1.08. Near-flat dispersion across
the five transmission bands and the sensitivity
of 3125 GHz/RIU over 1.88-2.33 THz are
unique features of the proposed THz PCF sen-
sor, which may play a key role for gas detection
in the terahertz region.

Description of the New Method or System

The proposed twisted PCF for mode propaga-
tion in the THz range is shown in Fig. 1. The
idea is to place the rings of the air cavity array
on concentric circles. so that the position of
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each air cavity is obtained according to the
following relationship:

x = ANcos (%) ,

6n

. 2N
y = ANsin (H) ,
n=1~6 (1)
where A and N represent the hole-to-hole dis-
tance (pitch) and the number of rings of the air
hole array, respectively, and n is an integer
from 1 to 6N. The thickness and internal diame-
ter of each cell of the structure are equal to t
and d, respectively [3].

Fig. 1(a) has only one ring of the air hole array
with N = 2, where the inner rings associated
with N = 0 and N = 1 have been removed. In
this design, the values of A, t, and d are deter-
mined as 2.2, 0.2, and 2 mm, respectively; in
which the diameter of the central core of the air
is approximately 6.4 mm. Topas is used as the
polymer material and the refractive index of air
is considered to be 1 [4].

With different simulations, the results show that
twisting the PCF (along the z-axis) can offer a
more uniform core as well as a more suitable
substrate for propagating symmetric modes.
Therefore, as shown in Fig. 1(b), the proposed
structure has a complete helical twist over 50
cm which is an optimized value in our simula-
tion. Finite-difference time-domain (FDTD)
technique has been used to obtain the mode
characteristics [3].
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Results and Discussion

As it can be seen in Fig. 2, the proposed fiber
has the fundamental mode well confined in the

core.

y(mm) ¢

Fig. 1. The cross-section of the proposed twisted
PCF; t shows the thickness of the polymer material
between the core area and the air holes in the clad-
ding and d shows the diameter of the air holes in the
cladding. b) two full twists along 100cm fiber.

Fig. 2. The intensity profile of the fundamental
mode confined in the core of the proposed twisted
PCF.

Fig. 3. shows the loss spectrum of the helically
twisted PCF when the holes are filled with air
exhibiting five low-loss frequency bands from
0.44 to 3.0 THz.
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Fig. 3. Loss spectrum of the designed helically twist-
ed PCF with five low-loss frequency bands.

Fig. 4. shows the sensitivity curves of the pro-
posed sensor for five gases with Rl of n = 1.0, n
=1.02,n=1.04, n=1.06 and n = 1.08 obtained
using St = Af / An [5]. We have given the sensi-
tivity values in Table 1.
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Fig. 4. Sensitivity curves calculated around four main
peaks associated with Fig. 3.

Tab. 1: Sensitivities calculated around four frequen-

cy peaks.

Peak frequency Sensitivity
range (THz) (GHz/RIU)
0.67 - 0.79 1500
1.28 - 1.47 2375
1.88 —2.13 3125
2.44 - 2.64 2500
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