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Abstract

Objective The high-birefringence fiber exhibits excellent performance in maintaining light polarization. For the
application of high-polarized laser in the mid-infrared field, the exploration of high-birefringence fiber is essential.
Increasing the asymmetry of the fiber structure can significantly enhance birefringence; thus, changing the core
shape of the traditional fiber structure can increase birefringence up to 10 *. Therefore, researchers have explored
photonic crystal fiber (PCF) to obtain high birefringence by optimizing the size and arrangement of air holes.
Although PCF’s simulated birefringence can reach up to 10™*, there is no report about the PCF due to its structural
complexity. In this study, we fabricated a novel “—"” typed suspended-core chalcogenide fiber with birefringence of
approximately 4.6 X 10 ° at 5 um, which is much higher than that of the traditional quartz polarization-maintaining
fiber. We hope that our simulation and experimental data can contribute to further study of high-birefringence fiber
in the mid-infrared and pave the way for the further development of mid-infrared high polarization-maintaining fiber
optics.

Methods In this study, we optimized the fiber structure and calculated its birefringence using the commercial
software of COMSOL Multiphysics. First, we selected a kind of “—” typed suspended-core fiber as a basic model for
structural optimization due to its largest birefringence among suspended-core fibers. Second, we optimized the fiber
structure by changing the core shape, aspect ratio, size, and distance between the two air holes. Finally, we
fabricated an improved “—

”»

typed suspended-core chalcogenide fiber based on glass extrusion technology, with
GeyyAs, Segs and Gey, Asy; Seq; acting as core and cladding. We compared the birefringence and analyzed the simulated
and experimental data. Subsequently, we calculated the confinement loss and dispersion of the fiber.

Results and Discussions The simulation results show that the birefringence of rectangular core fiber is higher
than that of elliptical fiber (Fig. 3). When the aspect ratio of the rectangular core is 3.6, the birefringence at
1.55 pm isup to 4.7 X 10 *, which is higher than that of traditional quartz polarization-maintaining fibers. When the
air hole radius is 28 pm, and the distance between the two air holes is 5.1 pm, the birefringence can reach up to
8.1x10 *and 7.1 %10 °® at 1.55 and 5 pum, respectively. The fundamental mode losses in the two orthogonal
directions are 3.3x10 " and 2.6 X 10 " dB/m at 1.55 pm. The confinement losses of the two polarization modes
reduce to 10 ° dB/m at 5 um. However, the birefringence of the fabricated fiber decreases slightly to 4.6 X 10 * at
5 pm due to its deformation during fabrication (Fig. 8). The deformation might be due to the use of two glasses
(having different thermal properties) for the core and cladding. Thus, when the fiber is drawn at a high
temperature, the rheological difference between the core and cladding deforms it. Although the simulated and actual
birefringence does not fit well, the validity of the overall simulation is proved. Ideal high birefringence can be
achieved through experimental optimization in the future. Thus, the simulated and experimental data can provide a
base for developing high-birefringence fiber in the mid-infrared.

Conclusions The traditional quartz polarization-maintaining fiber cannot be used in the mid-infrared due to its
limitation of phonon energy. Contrarily, the simulated birefringence of chalcogenide PCF is much higher. However,
there is no experimental report about PCF because of its fabrication complexity. Therefore, this study proposes a
novel “—” typed suspended-core chalcogenide fiber with a rectangle core, which is optimized based on the elliptical
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core fiber model. When the aspect ratio of the rectangular core is 3.6, the air hole radius is 28 pm, and the distance
between the two air holes is 5.1 pm, the birefringence can reach up to 7.1 % 10 * at 5 pum. Additionally, the
fundamental mode losses in the two orthogonal directions reduce to 10 * dB/m at 5 um. We find that the proposed
fiber can achieve high birefringence in the mid-infrared. Furthermore, the fiber is fabricated based on chalcogenide
glass extrusion technology, and its birefringence can reach up to 4.6 X 10 ° at 5 um. This study reports all
simulation and experimental results for such a suspended-core chalcogenide fiber in the mid-infrared and shows the

possibility of a high-birefringence fiber device.

Key words fiber optics; high-birefringence; mid-infrared band; suspended-core fiber; chalcogenide fiber
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