Loss Mechanisms for T-ray Microwires
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Abstract—In this paper we will present predictions for loss
mechanisms caused by material, waveguide, surface roughness
and bends in microwires and estimate their affect on the total
loss in the terahertz regime.

I. INTRODUCTION

The terahertz (THz) or T-ray region of electromagnetic
spectrum, located between millimeter wave and infrared fre-
quencies, has attracted much interest over the last decade.
Terahertz spectroscopic techniques have many applications as
for example in detection of many biological and chemical
materials [1]. In almost all existing terahertz time domain
spectroscopy systems terahertz waves propagate in free space
and at present low loss terahertz waveguides are not available.

Several waveguide solutions based on technologies from
both electronics and photonics have been studied such as the
hollow metallic circular waveguide [2], [3], hollow metallic
rectangular waveguide [3], sapphire fiber [4], plastic ribbon
waveguide [5], air-filled parallel-plate waveguide [6], [7], plas-
tic photonic crystal fiber [8], coaxial waveguide [9], metal wire
waveguide [10], [11], parallel-plate photonic waveguide [12],
metal sheet waveguide [13], the dielectric-filled parallel-plate
waveguide [14], low-index discontinuity terahertz waveguides
(split rectangular and tube waveguides) [15], and metallic slit
waveguide [16].

Metallic slit waveguides and bare metal wires are promising
guiding techniques reported in the literature, and attenuation
constants less than 0.07 cm~! and 0.03 cm™!, respectively
have been reported [16] and [10]. Chen et al. [17] have
recently reported loss values less than 0.01 cm~! near 0.3
THz in plastic fibers. The concept underlying the waveguiding
properties of THz radiation in these fibers is analogous to
optical nanowire fibers [18], since in these fibers, a significant
fraction of the guided light travels outside the material. For
this reason we have coined the term microwires for these
waveguides used in the terahertz regime.

In general, there are different loss mechanisms that should
be considered when we are dealing with fibers with sub-
wavelength core dimensions. Such loss mechanisms are: ma-
terial and waveguide losses, and scattering loss due to surface
roughness and bend loss, which can couple light from bound
modes to the radiation modes.

II. LOSS MECHANISMS
A. Material and Waveguide Losses

Based on optical measurements of the bulk material loss
shown in Fig. 1 [19], and solving the vectorial form of
Maxwell’s equation for microwire structures, we have cal-
culated the effective material and waveguide loss, which is
defined as the average of the loss coefficients inside (dielectric)
and outside (air) the fiber over the transverse field distribu-
tions [19]. Figure 2(a) shows the results of effective loss for
a polymer, a range of soft glasses, and a diamond. In the
microwire regime, where the fiber diameter is much lower
than the operating wavelength the effective loss approaches to
a value similar for all materials, as shown in Fig. 2(b).

B. Bend loss

Radiative losses occur whenever the fiber undergoes a bend
of finite radius curvature. If the radius of the bend is larger
than the fiber diameter, it is known as macrobending loss, or
simply bending loss. As the radius of curvature decreases the
loss increases exponentially until at a certain critical radius,
the bend loss of the fundamental mode is equal to 3 dB per
loop. For bends tighter than the critical radius, the bend loss
increases dramatically and little light is transmitted [20].

Figure 3(a) shows the bend loss for a PMMA microwire
with three bend radii (100 m, 60 m and 40 m) at f = 0.5
THz (A = 600 pm) versus fiber diameter. Bend loss increases
by decreasing the bend radius, therefore in order to benefit
from low loss propagation in microwires, the structure should
be kept straight. As long as the bend radius is larger than 100
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Fig. 1. (a) Absorption coefficients and (b) the refractive indices of the bulk
materials (Diamond, PMMA, F2, SF6, SF57 and Bismuth glass) measured
with a THz time domain spectrometer.
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Fig. 2. (a) Effective loss of fibers made up of Diamond, PMMA, F2, SF6,
SF57 and Bismuth glass materials versus fiber diameter at f = 0.5 THz
(A = 600 pm). (b) Magnification of the lower limit of the effective loss
shown in Figure 2(a).
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Fig. 3. (a) Bend loss of a PMMA microwire versus fiber diameter, for three

bend radii at f = 0.5 THz (A = 600 um) (b) Effective and bend losses of a
PMMA fiber with 40, 60 and 100 meters bend radii.

m, a very gentle bend, the total loss of the structure will still
be less than 0.01 cm~!. This is depicted in Figure 3(b) for
a PMMA microwire. An increase in bend radius leads to a
shift in value and position of the minimum achievable total
loss, which is the same of the effective loss and bend loss. It
can be shown that the behavior occurs for the other microwire
materials.

III. DISCUSSION AND CONCLUSION

In addition to the loss mechanisms mentioned above, the
presence of a glass-air interface in fibers introduces new
mechanisms of scattering loss, which is due to the inherent
roughness of the interface [21], [22]. This is a limiting factor
in achieving a minimum loss specially for optical photonic
crystal fibers [22]. However, for terahertz microwires, it is
expected that the surface roughness loss would be substantially
less than the other losses for microwires due to the fact
that the operating wavelength is larger than the height of
the surface roughness perturbation. This is consistent with
previous reports that surface roughness loss decreases as a
function of A [22].

In conclusion, the dominant loss mechanisms for the mi-
crowires are effective material and waveguide losses, and bend
loss. The smaller the diameter of the microwire, the lower the
effective loss, which results in less confinement of the field in
the structure and therefore increasing the loss due to bends.

Rigid and straight microwires are promising solutions for low
loss terahertz transmission.
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