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A low-loss Terahertz (THz) transmission optical fibre with a subwavelength core is reported in this article. The main fibre is composed of
a subwavelength solid polymer core and a tube. The tube is used to prevent the extending of THz wave to the external environment. Two
solid ends are introduced to suspend the subwavelength core in the air. The solid fibre ends are found have low splicing losses with the
main fibre. The proposed fibre provides a simple technique for the transmission of THz wave in a short distance.
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1 INTRODUCTION

THz radiation band, which is defined as the electromagnetic
wave with frequency ranging from 0.1 THz up to 10 THz)
[1, 2], has brought potential applications in many fields, such
as spectroscopy, biological imaging, environmental monitor-
ing, and military security [3]—[7], etc. Another new area is the
application of the terahertz band in the future communica-
tion systems [2]. Unfortunately, THz radiation is strongly ab-
sorbed by most kind of materials, which gives a challenge to
achieve low-loss THz transmission waveguide. Polytetraflu-
oroethylene (PTFE) is one of the most commonly used low-
loss waveguide material, but its absorption loss is 130 dB/m,
which is still very large for most of applications [8]. As a result,
the lack of waveguide materials well suited for guided prop-
agation at THz frequencies limits the practical application of
THz technology. Fortunately, the propagation of THz wave in
dry air has low loss, which means low-loss THz waveguiding
can be realized by the design of novel optical fibre which in-
troduces large fractional power in air [9]. For example, air-core
photonic bandgap fibres have the potential to guiding THz
wave in the air cores, which can be an nice choice for THz
guiding [10, 11]. Honeycomb bandgap THz fiber composed
of porous-core shows the possibility of achieving a propaga-
tion loss of 20 dB/m at 1 THz [10]. Hollow-core THz Bragg
fibers were shown to have straight waveguide propagation
losses lower than 0.05 cm ™! at certain peak transmission fre-
quenceies [11]. Recently, porous polymer fibres designed for
low-loss THz guiding have been proposed and investigated
[8, 12, 13]. Porous dielectric subwavelength THz fibers were
demonstrated to guide with losses as low as 0.02 em~ 1, also
at low frequency of 0.14-0.21 THz and in the 0.06-0.14 THz
[13]. The suspended small solid core fiber offers very low-loss
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(0.02 cm 1) single mode guiding, although at a low frequency
range of 0.28-0.48 THz, where the absorption loss of the bulk
material is lower than 0.2 cm~! [14]. By using polymer tube,
it’s also possible to guide THz wave with low transmission
loss [9, 15]. However, the external environment has a direct
effect on the THz transmission based on porous fibres or sub-
wavelength tube, owing to the fact that THz wave is extend-
ing to the air outside the fibres. In this paper, we provide a
simple technique to realize a low-loss THz fibre. The low-loss
transmission is based on total internal-reflection theory, and
all the energy is guided in the proposed fibre. Therefore, the
influence of external environment can be totally avoided.

2 NUMERICAL SIMULATION

The configuration of the proposed compact THz optical fibre
is shown in Figure 1(a). The main fibre is composed of a sub-
wavelength core which is surrounded by the air cladding and
the outer solid cladding. The fibre core is suspended in air by
the solid jackets at two ends. The solid outer cladding is used
to isolate the guided mode from the outer environment. The
fabrication process can be listed as follows. Firstly, the sub-
wavelength core, the outer cladding, and the supporting jack-
ets should be prepared. Secondly the subwavelength core will
be inserted into the outer cladding, and the two cores will per-
forate the two jackets and be pushed straight. The jackets will
be sealed to form the solid ends and the overlength core will
be cut down. Apparently, the solid ends should have short
lengths to keep the transmission loss of the whole fibre at low
level. A elementary experiment shows that a short length of
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FIG. 1 (a) Configuration of the proposed THz fibre, (b) the cross-section of the main
fibre, which is composed of a solid core, air hole cladding, and the outer solid cladding,

(c) the solid fibre end, which is composed of a solid core, and a solid cladding.
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FIG. 2 The absorption loss of the subwavelength fibre.

5~10 mm for the ends should be long enough to suspend the
subwavelength core. Here the material of subwavelength core
is set to be PTFE, which has a low absorption loss of 130 dB/m
and refractive index of 1.5 at the wavelength of 300 um. The
refractive index of the cladding is set as 1.48. We solve the
modes of the proposed fibres by a full vectorial finite-element
method with anisotropic perfect matched layer boundary con-
ditions [16]. Firstly, we would determine the appropriate size
of the subwavelength core. The modal absorption loss L can
be defined as L = € x 77, where € is the material loss and %
is the power fractions in the solid material. It is evident that
more power fraction will be confined in air with the reduction
of core diameter d. Figure 2 shows the absorption loss of a sub-
wavelength fibre without the solid cladding. It is found that
the modal absorption loss is approaching that of the material
loss when the diameter of the core is 300 um, which shows the
strong confinement ability of the surrounding air. The modal
absorption loss is 6.4 dB/m when d is decreased to 70 um.
On the other hand, when the core diameter reduces, the mode
field diameter increases. The result is shown in Figure 3. We
can see the THz wave propagating in a subwavelength core
optical fibre would be very sensitive to the variation of the
environment, which limits its application.

We introduce a solid cladding to isolate the THz wave from
the outer environment. Figure 4 shows the modal absorption
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FIG. 3 The mode field diameter of the subwavelength optical fibre as a function core
diameter d.
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FIG. 4 The modal absorption loss as a function of the diameter of air cladding d’.

loss as a function of the diameter of air cladding d’. The outer
diameter of the solid cladding D is set as 7 mm. It can be seen
from Figure 4 that the diameter of air cladding has strong in-
fluence on the absorption loss at a small size. When the di-
ameter is large enough, the further increase of the diameter
has little influence on the absorption loss. In particular, the
absorption loss can be lower than 6.5 dB/m when the air
cladding diameter is larger than 5 mm. The transmis-
sion characteristics of the main fibre and two fibre ends have
been investigated through a full-vectorial beam propagation
method (FV-BPM) [17] with transparent boundary conditions
[18]. Owing to the fact that little energy is propagating at the
outer cladding, the outer diameter of the solid cladding has
little influence on the absorption loss of the THz wave. Based
on the above investigation, the corresponding parameters are
chosen as follows. The core diameter d is 70 um, the external
diameter d’ is 5 mm and the value of D is 7 mm. To suspend
the subwavelength core in the air cladding, the air cladding at
the two ends of the fibre will be replaced with the solid sup-
porting cladding, the configuration is shown in Figure 1. Since
the two ends use the same core as the main fibre, the main dif-
ference between the ends and the main fibre comes from the
cladding. For the input port, owing to the fact that THz wave
propagates from the low NA(numerical aperture) waveguide
to the high NA waveguide, low splicing loss is expected. Ow-
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FIG. 5 Splicing loss between the solid input end and the main fibre as a function of

THz source width.
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FIG. 7 Splicing loss between the the main fibre and the output end as a function

of THz source width.

ing to the fact that the solid end is relative short, the input
field reaches the main fibre before it become stable. Therefore,
the splicing loss is depended on the source field. Here we as-
sume a Gaussian type source. The splicing loss as a function
of the Guassian field width wy is plotted in Figure 5. It’s found
the Gaussian field width influence the splicing loss. To inves-
tigate that, we plotted in Figure 6 the mode field diameter of
the THz wave at the interface between the solid input end and
the main fibre. It should be noted that the mode field diameter
of the main fibre is 2987 um. We can see when the mode field
at the interface matches the mode field of the main fibre, the
splicing loss is low. At a low source width, the mode field dis-
sipates very fast. For example, the mode field expands from
the original input field width of 500 um to 2570 pm at the in-
terface between the solid input end and the main fibre. Which
is the reason of large splicing loss at low source field width.

At the output port, the splicing loss can still be very low. As
shown in Figure 7, low splicing loss can be achieved for a
wide range of solid fibre length. Certainly, if the solid end is
very long (generally 10 mm or longer), the THz wave will be
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FIG. 6 Mode field diameter at the interface between the solid input end and

the main fibre.
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FIG. 8 Mode field diameter at the interface between the main fibre and the

solid output end.

extended to the entire fibre eventually, and taking the outer
air as cladding. Therefore, the output end should be short
enough. The mode field diameter in the solid end will expand
as shown in Figure 8. This means we can choose the appropri-
ate solid fibre length to achieve the desired mode field at the
output port.

Although the solid fibre ends have high absorption loss,
which will increase the transmission loss of the fibre, it’s still
possible to achieve low loss transmission. For exmaple, as-
sume a THz fibre with a length of 0.5 m and 5 mm length
of each fibre end. The absorption loss of the main fibre is
4.6 dB/m for the fibre with d = 70 um, & = 5 mm and
D = 7 mm. And the absorption loss of the solid fibre end
would be 130 x 0.005 = 0.65 dB. Then the total absorption
loss would be 3.6 dB, still low enough for many applications.

3 CONCLUSION

In conclusion, we have proposed a simple technique to
realize a low-loss THz fibre. The introduction of the sub-

13068- 3



J. Europ. Opt. Soc. Rap. Public. 8, 13068 (2013)

N. F. Ren, et al.

wavelength core can lower the loss of THz wave. Numerical
simulations demonstrate that the transmission efficiency is
high at two ends of the low-loss fibre. The proposed fibre
provide a simple THz technique for short distance (<1 m)
transmission.
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