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ECENTLY hollow-core anti-resonant (HC-AR) fibers
have proven an excellent optical medium in which light is
transmitted inside a hollow-core and extensively studied over
the past few years owing to their low loss transmission, wider
transmission window, low dispersion and low fraction of
power in the cladding [1]–[5]. Various HC-AR fiber designs
have been proposed and implemented by several research
groups in order to reduce the loss. HC-AR fibers with both
circular AR tubes [1] and nested tubes inside the AR tubes [2],
[4] have been investigated. The later designs confirm a
significant loss reduction but increase design complexity.
In this work we propose a HC-AR fiber with anisotropic
AR tubes, elongated along the fiber radial direction. The
proposed design allows (a) an increased negative curvature in
the core, (b) a node-free design, and (c) a larger distance from
the core to the outer capillary. All these properties are
essential to reduce the loss and could not be realized
simultaneously in the previous designs.
Figure 1(a)-(b) shows the considered HC-AR fiber
geometries in which both designs are optimized at 2.94µm.
Design (a) is a typical isotropic HC-AR fiber in which AR
tubes are non-touching each other. Design (b) is the proposed
structure based on anisotropic AR tubes; here an ellipse is
considered which is squeezed in the azimuthal direction. We
define ellipticity as η=ry/rx, where rx and ry are the radius of
major and minor axis of the AR tubes respectively. We choose
a core radius Rc=47µm as reported in [2], [4] and silica strut
thickness t=1.26 µm, which gives an anti-resonant first-order
transmission window in the high-frequency mid-IR range
(specifically around λ=2.94μm, the emission wavelength of
Er:YAG lasers).
Figure 1(c) shows the loss spectrum of the two considered
structures. In our calculations, the fraction of power in silica
was calculated to estimate the effective material loss and then
added to the leakage loss to obtain the total transmission loss.
The material loss of silica was taken from [6]. The broken
blue line shows the calculated leakage loss of a “typical”
optimized HC-AR fiber in which the leakage loss and
transmission loss are ~35 dB/km and ~40 dB/km respectively
at 2.94µm, which is limited by coupling to the voids in the
cladding [2]. The broken red lines show the leakage loss of the
proposed HC-AR fiber in which anisotropic AR tubes were
used to reduce the loss. The leakage loss and transmission loss
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Abstract—In this paper, a node-free anisotropic hollow-core
anti-resonant fiber has been proposed to give low transmission
loss in the near-IR to mid-IR spectral regime. The proposed
silica-based fiber design shows transmission loss below 10 dB/km
at 2.94 µm with multiple low loss transmission bands.
Transmission loss of 1 dB/m up to 4 µm is also predicted.
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Fig. 1. (a-b) Geometry of the considered HC-AR fibers. The structural
parameters shown in the figure are those that optimized the leakage loss at
2.94 μm. The figures are scaled to indicate their relative size. (c) Calculated
transmission bands in the near-IR to mid-IR. The broken lines indicate
leakage loss while solid lines show the transmission loss where the material
loss of silica is included. All structures have the same core radius Rc=47µm
and uniform silica strut thickness t=1.26µm.

are ~5dB/km and ~8dB/km respective at 2.94 μm for the
proposed structure. Thus, the anisotropic design has loss 5
times lower than the “typical” HC-AR fiber at 2.94µm.
Importantly we also found several low loss transmission bands
in the whole near-IR to mid-IR region of 0.9-6.0µm for a fixed
strut thickness of 1.26µm. The proposed design shows better
loss performance in the spectral regime 0.9-4.0µm. Identical
transmission loss performances were observed beyond 4µm
for the 2 designs because the loss is dominated by material
loss, despite the low power fraction in silica.
In conclusion, we have proposed a novel HC-AR fiber
design which is generic, irrespective of glass composition and
target wavelength. We believe that our proposed model proved
to be an excellent means for the purpose of possible
applications in mid-IR wavelength regime.
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