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Fig. 1. Cross sectional structure of dual core negative

curvature fiber terahertz polarization beam splitter.
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Fig. 2. Variation of coupling length and CLR: (a) Coupling length on frequency when r; varies from 375 to 385 pm when r, = 160 pm,

13 = 174.1 pm, A = 810 pm, ¢ = 90 pm; (b) CLR in a-polarization and y-polarization.
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Fig. 3. Variation of coupling length and CLR: (a) Coupling length on frequency when 7, varies from 156 to 164 pm when r; =

380 pm, r3 = 174.1 pm, A = 810 pm, ¢ = 90 pm; (b) CLR in z-polarization and y-polarization.

0 \_
60
-« r-polarization 170.1 pm

g (rs= )
g y-polarization (r3 = 170.1 pm)
< 50 arigati —

S T e z-polarization (rs =174.1 pm)
’i —— y-polarization (r; = 174.1 pm)
& 40} = z-polarization (r3=178.1 pm)

—— y-polarization (r3 =178.1 pm)
30 *
20 . . . .
0.990 0.994 0.998 1.002 1.006 1.010
Frequency/THz

2.4
\(b) v g = 170.1 pm
NS —— r3=174.1 pm
23N e ry=178.1 pm
221
o
= 2.1r
]
20
1.9F
1.8 . . . .
0.990 0.994 0.998 1.002 1.006 1.010
Frequency/THz

4 MEESE r =380 um, r, = 160 pm, A = 810 um, ¢ = 90 um iF, r; 535K 170.1, 174.1, 178.1 pum KA KM CLR 5

PUREEACRIE  (a) A KIE; (b) CLR

Fig. 4. Variation of coupling length and CLR: (a) Coupling length on frequency when r; varies from 170.1 to 178.1 um when r, =

380 pm, r, = 160 pm, A = 810 pm, ¢ = 90 um; (b) CLR in z-polarization and y-polarization.
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Fig. 5. Variation of coupling length and CLR: (a) Coupling length on frequency when A varies from 805 to 815 pm when r; =

380 pm, r, = 160 pm, 3 = 174.1 pm, ¢ = 90 pum; (b) CLR in a-polarization and y-polarization.
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Fig. 6. Variation of coupling length and CLR: (a) Coupling length on frequency when ¢ varies from 87 to 93 pm when 7 = 380 pm,
1y = 160 um, r3 = 174.1 pm, A = 810 pm; (b) CLR in a-polarization and y-polarization.
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Fig. 7. Distributions of four supermodes in the proposed dual core negative curvature fiber terahertz polarization beam splitter:

(a) z-polarized even mode; (b) y-polarized even mode; (c) a-polarized odd mode; (d) y-polarized odd mode.
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Fig. 9. Normalized transmission power changes with dis-
tance in the dual core of polarization beam splitter: (a)
Core A; (b) core B.
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Fig. 10. Variation curve of extinction ratio of dual core output port of polarization beam splitter: (a) Core A; (b) core B.
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Fig. 11. Variation of loss with frequency in the proposed dual core negative curvature fiber terahertz polarization beam splitter:

(a) Confinement loss; (b) effective material loss.
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Fig. 13. Change of extinction ratio of each parameter under +1% error.
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Fig. 14. Change of extinction ratio of all parameter under + 1% error: (a) Core A; (b) core B.
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Table 1.  Performance comparison of optical fiber terahertz PBS.
4l FUOIR/THz  EGH/dB - TAR WSS /THz  B4HAE/(dB-em ) PR ARKIE /em
Zhu, Chen, et al. (2013)*4 1 73.86 0.032 0.27 3.36
Chen, Yan, et al. (2016)> 0.6 54 0.013 0.28 1.43
E. Reyes-Vera, et al. (2018)1*] 1 68 0.15 1.5 10.9
Zhu, Liu, et al. (2018)? 1 70 0.046 0.4 1.27
Kumar, Varshney, et al. (2020)1 0.75 20 0.03 10
Tian, Liu, et al. (2021)40) 1 64.64 0.02 0.51 1.184
Wang, Tian, et al. (2021)? 1 20.8 0.01 0.15 0.865
ASCTAE 1 120.8 0.024 0.037 6.224
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Abstract

A novel terahertz polarization beam splitter (PBS) with low loss and large bandwidth based on double core

negative curvature fiber is designed. The device takes copolymers of cycloolefin as the substrate, and 12 circular

tubes with embedded tubes are evenly distributed along the circumference. The fiber core is divided into two

cores through two groups of circumscribed small clad tubes symmetrical up and down. The finite-difference

time-domain (FDTD) method is used to analyze its guide mode properties. The effects of various structural

parameters on its beam splitting characteristics are investigated in detail, and the extinction ratio (ER),

bandwidth and transmission loss of the PBS are analyzed. The simulation results show that when the incident
light frequency is 1THz and the beam splitter length is 6.224 cm, the ER of a-polarized light reaches 120.8 dB,
the bandwidth with ER above 20 dB is 0.024 THz, the ER of ypolarized light reaches 63.74 dB, the bandwidth
with ER above 20 dB is 0.02THz, and the total transmission loss is as low as 0.037 dB/cm. Tolerance analysis

shows that the PBS can still maintain good performance under the +1% deviation of structural parameters.

Keywords: terahertz, polarization beam splitter, negative curvature fiber, coupled mode theory
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