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Abstract—This paper demonstrates a novel design technique for single-TEn-mode Bragg fiber using a second-order bandgap
achieving signal propagation loss less than 1.2 dB/m from 0.85 THz to 1.15 THz. The TEo: mode intrinsically has a null point in the
electricfield closeto the interfaceregion between the core and the cladding. This makesthe TEo1 mode preferableto other modes sinceit
shows low signal propagation loss and low electromagnetic interference from cladding defects. Bragg fiber can exhibit a strong mode
selectivity as a result of modal-filtering effects. A large loss discrimination between the desired TEo: mode and competing modes can be
designed by appropriately tailoring the photonic bandgap.

Keywords—Bragg fiber, electromagnetic propagation, high-order bandgap, low-loss THz components, modal -filtering effect.

I. INTRODUCTION

Low-loss THz waveguides are of great interest, particularly whenethelapment of compact high-power sources and high-
sensitivity detectors has proven challenging [1]. An air-core Biibggis capable of tightly confining THz waves in the lossless ai
core, consequently reducing propagation losslf2¢ontrast to the fundamental HEnode the TEo: mode has a null point in the
electric field near the interface region between the core and the claddkiggrit a strong candidate for low-loss propagation while
it also avoids electromagnetic interference effects from cladding defeciisas those caused by support bridges typically used for
mechanically maintaining the air gaps.

For lower propagation loss and lower group-velocity dispersicagdfiber typically operates in an asymptotically single-mode
pattern [3]- [5]. Therefore a large propagation loss discrimination between the desired operatithg amd other unwanted
competing modes is required to ensure the single-mode operBicagg fiber. Conventional optical singlég=p;--mode Bragg fibes
use first-order bandgap as the operating bandgap, which redprige air core (about 715), many cladding layer periods (8 periods)
and a long propagation distance (several kilometers) to create acaiginibss discrimination |4 Here, A, represents the central
wavelength of the operating frequency band. However, it is not prefera THz Bragg fiber which otherwise will be very bulky.
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Fig. 1. Schematic of the proposed Bragg fiber. Cyan regior ~ Fig. 2. Propagation loss of the proposed Bragg fiber. Tlie lgoes
TOPAS and white region are air. Here, a=77.5 pm, b=1.154 and discrete circles represents analytical and simulation r
r=917.1 pm, and t=2.463 mm. respectively.
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Fig.3. Confinement loss diagram in photonic bandgap for (a) TE/HE) GM/EH modes. The colour map shows the value of confinemss
in unit of dB/m. The white regions are bandpass regions.
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Fig.4.Normalized electrical field of the desired modeifdhd its main competing mode HEThe field decreases from red to blue.

In this paper, we choose the second-order bandgap as the gpbeatdgap of the proposed air-core singfig:-mode THz
Bragg fiber. Compared with a conventional optical Bragg fibers disgtgorder bandgap [4], the proposed THz fiber utilizesuam
gsmaller air core (aboufld) and less cladding layer periods (4 periods). Nevertheless, {hagatan loss discrimination in the

proposed fiber grows about 5 times faster thanitht&ie conventional optical Bragg fiber resulting in a stronger reetbetivity
and ensuring a much shorter and more compact device.

Il. DESIGN OFBRAGG FIBER

Fig. 1 shows the cross-section geometry of the Bragg fiber.régeehcy-dependent complex refractive index of TOPAS (
is based on the measurement results in the Ref. [6]. At 1 TEE,5235+0.0008i. Air is regarded asossless medium, therefore,
Np=Nnc=1.

The bandgap of the Bragg fiber can be taithiusing the generalized half-wavelength condition [3] to make theaBEhe lowest
loss mode (<0.6 dB/m) across the frequencies of interest fi®no A..2 THz, see Fig. 2. A large loss discrimination between th
desired Tk; mode and other competing modes is thereby created, allowing thecofibperate effectively as single-mode. The
propagation loss of the second lowest loss modeltdEthe central wavelength is 10.6 dB/m, which is about 20.8 times gttesater
that of the lowest loss mode TEO1 (0.51 dB/m), while as a compatiisolgss discrimination in conventional optical Bragg fiber
using first order bandgap is about 4 timds The volumeto-wavelength ratio of the proposed Bragg fiber is much smaller thae th
of conventional singldEq:-mode Bragg fibers because of the use of the high-order bandga

Fig. 3 shows the confinement loss diagram (CLD) overlaid ontphtbtonic bandgap [3]. The dispersion curve of the desired
TEo1 mode is located near the central region of the second-order lpamdgang its confinement loss much smaller than that of other
competing modes and, consequently, its overall propagation lessaiil times smaller than those of competing modes over the
frequency range of interest. Fig. 4 presents the mode patterns;ohd@ie and HE mode. It can be seen that the electrical field of
the desired Tk mode is essentially confined within the lossless air core, while thatroditscompeting mode HEare leaky, thus
experiencing a high signal attenuation introduced by the bulk cladding atsteri



I1l. CONCLUSION

In summary, we propose a singl&o;-mode Bragg fiber with propagation loss less than 0.6 dB/mtbedrequencies from 0.8
to 1.2 THz.Its second-order bandgap is used to select theri@de as the propagation mode. The dual properties of low loss and
compact volume ni@ the proposed fiber a strong candidate for THz interconnects.
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