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Phase matching curves of the LPFGs inscribed in the tapered multimode fibers with different waist diameters. (a) 50 pm; (b) 30 pm; (c) 25 pm
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Fig. 2 Schematic diagrams of mode evolution for the LPFGs inscribed in the tapered multimode fibers with different waist diameters.
(a) Model of the tapered multimode fiber LPFG; simulated mode field distributions of (b) waist diameter of 30 pm and period of
200 pm, (c) waist diameter of 25 pm and period of 150 pm, and (d) waist diameter of 25 pm and period of 225 um
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Table 1 Comparison of the PDL characteristics for different types of LPFGs
Grating type Fabrication method Maximum PDL /dB Ref.
Tapered LPFG CO, laser modulation 19.85 [25]
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Mode Converter Based on the Long-Period Gratings Inscribed in the
Tapered Multimode Fiber

Wu Meng, Ma Yuehui, Chen Siyu, Su Hang, Fan Xiaolong, Mou Chengbo, Liu Yunqi’
Key Laboratory of Specialty Fiber Optics and Optical Access Networks, School of Communication and
Information Engineering, Shanghai University, Shanghai 200444, China

Abstract

Objective ILong-period fiber gratings (LPFGs) serve as mode converters for interconversion among different transmission modes, offering
strong compatibility, compact structure, and low insertion loss. In this paper, the LPFGs are fabricated in tapered multimode fibers
(MMFs) with different waist diameters using a CO, laser. The all-fiber mode conversion and — 1 order orbital angular momentum (OAM)
mode can be successfully excited. The experimental investigations are conducted on the mode coupling characteristics, polarization-
dependent loss, and temperature responses of the tapered MMF LPFGs. Results show that the mode field distribution of the LPFG
changes from the original mode aliasing to distinct mode separation when the waist diameter of the tapered MMF is reduced to be less than
30 pm. These findings indicate that the functional devices with high-order mode conversions can be designed by optimizing the waist
diameter and grating parameters of the tapered MMFs. Such devices have potential applications in the mode-division multiplexing optical

communication system.

Methods In this study, we chang the diameters of the MMFs by fiber tapering. The MMFs are tapered to be with a waist diameter
of 50 pm, 30 pm and 25 pm using a three-electrode combined manufacturing system. The LPFGs are fabricated by CO, laser in the
tapered MMF's with different waist diameters. We use COMSOL multiphysics simulation software to calculate the propagation modes
and effective refractive index supported by MMFs with different waist diameters in different bands. The phase matching curves for
different modes of the tapered MMF LPFGs are calculated. When the waist diameter is 50 pm, the MMF supports a relatively large
number of core modes. Under the same period, the fundamental core mode is simultaneously coupled to multiple high order core
modes at the same wavelength, and the superposition of these multiple modes results in mode aliasing phenomena. As the period
decreases, mode overlap becomes more pronounced. When the waist diameter reduces to 30 pm and 25 pum, the number of core
modes supported by the MMF decreases, and the phase-matching curves become separated compared to those for the MMFs with
larger waist diameter. Consequently, as the waist diameter decreases, the number of core modes supported by the MMF gradually

reduces, and the phase matching curves of the modes progressively separated with each other.

Results and Discussions We fabricate the tapered MMFs with different waist diameters using a three-electrode fusion splicing
system. Subsequently, the LPFGs with different periods are inscribed in these tapered MMFs using a CO, laser. We observe the
mode field distributions of the tapered MMF-LPFGs. The resonance wavelength and mode field distribution agree well with the
simulation results (Figs. 2, 5 and 6). The output mode field distributions and interference patterns of the tapered MMF-LPFGs are
tested (Fig. 7). The gratings realize core mode conversions, including LP,-L.P}, core modes of the gratings inscribed in the MMFs
with waist diameters of both 30 pm and 25 pm, as well as LP,,-LP,, core mode of the gratings inscribed in the MMFs with waist
diameters of 25 pm. The excitation of the — 1 order OAM mode can be achieved by the fabricated gratings. The tapered MMF-
LPFGs exhibits high polarization-dependent loss and low temperature sensitivity. The polarization-dependent loss characteristics and
temperature characteristics are presented (Figs. 8 and 9). As the waist diameter decreases, the temperature sensitivity of the tapered
MMFEF-LPFGs gradually increases.

Conclusions In this study, we fabricate the LPFGs in the tapered MMF's with waist diameters of 50 pm, 30 pm, and 25 pm by a CO:
laser. When the waist diameters are reduced to 30 pm or even below, the mode field distribution of the tapered MMF-LPFGs
transition from mode aliasing to distinct mode separation. The high order core mode conversions are achieved successful, including
LP,-LP,, core mode as well as LP,-LP,, core mode. These results demonstrate that higher-order core mode converters can be
fabricate by precisely controlling the waist diameter of the tapered MMFs and grating period. When combined with mode division
multiplexing technology, this approach can effectively expand channel capacity in communication systems, thereby meeting the

demands of future high-speed, large-capacity optical networks.

Key words long-period fiber grating; multimode fiber; mode converter; orbital angular momentum
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