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Vortex Mode Amplification Based on Ring-Core Fiber Doped with
PbSe Quantum Dots
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'Key Laboratory of Specialty Fiber Optics and Optical Access Networks, School of Communication and
Information Engineering, Shanghai University, Shanghai 200444, China,
*Joint International Research Laboratory of Specialty Fiber Optics and Advanced Communication, Shanghai
University, Shanghai 200444, China

Abstract The PbSe quantum dot-doped ring-core fiber is successfully prepared using a modified chemical vapor
deposition method. The fiber has a double-clad structure, with a refractive index difference of approximately 2.2%
between the ring core and the inner cladding. The types and contents of elements in the fiber are verified via electron probe
microanalysis. The crystal structure of PbSe quantum dots is examined using a high-resolution transmission electron
microscope, and the Raman spectrum is measured. The results proved that PbSe quantum dots were doped successfully
into the ring-core fiber. This provides an important reference value for preparing semiconductor quantum dot-doped fiber.
The PbSe quantum dot-doped ring-core fiber is the foundation for the vortex mode amplification system. The first- to third-
order vortex amplifying modes are realized at 1550 nm. When the pump power is 634 mW , the on-off gains of all modes
are greater than 13 dB, and the differential mode gains are less than 2.45 dB. This experimental system is expected to
promote further research on vortex mode broadband amplification.

Key words fiber optics; PbSe quantum dots; ring-core fiber; modified chemical vapor deposition; vortex mode; gain
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Fig. 2 Cross-section of the PbSe quantum dot-doped ring-core fiber. (a) Cross-section of the designed fiber; (b) cross-section of the

prepared fiber
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Fig. 3 Raman spectrum of the PbSe quantum dot-doped

ring-core fiber
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Table 1 Mass fraction of different elements in the PbSe
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Element Mass fraction /%

O 54.8079
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B 0

Pb 0.1047
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Total 100
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Fig. 4 Electron microscopy test of PhSe QDs. (a) HRTEM micrograph of PhSe QDs; (b) SAED micrograph of corresponding lattice

structures; (c) heterogeneous structure of the PbSe QDs
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PC: polarization controller;
Col.: collimator;

SPP: spiral phase plate;
DM: dichroic mirror;

OL: objective lens;

LP: linear polarizer;

CCD: charge coupled device;

PM: power meter;

SMF: single-mode fiber;

PbSe-doped RCF: PbSe-doped ring-core fiber.
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Fig. 6 Schematic diagram of vortex beam amplification system
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