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Table 1  Geometric parameter of 7-core erbium-doped fiber
Item Value
Core arrangement Hexagon
Cladding radius /pm 150.0+£1.0
Core radius /pm 5.0+0.5
Core pitch /pm 41.5+£1.0
Mode field diameter /pm 5.5+1.0
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Fig. 6 Configuration of 7-core erbium-doped fiber amplification characteristics measurement
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Table 2 Key experimental instrument and parameters

Ttem Model Parameter

AA=1.6 nm; wavelength:
1524.10-1572. 05 nm

Signal Zewada

Max loss: <2 dB;

Fan in/out YOFC FAN-7-42
core pitch: 43 pm

OSA Yokogawa 6370D Resolution: 0.02 nm
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Fabrication and Amplification Characteristics of Multicore
Erbium-Doped Fiber

Gu Zhimu, Chu Yingbo, Li Haiging, Peng Jinggang, Dai Nengli, Li Jinyan
Wuhan National Laboratory for Optoelectronics, Huazhong University of Science and Technology, Wuhan 430074,
Hubei, China

Abstract

Objective With the development of the global mobile internet, short video, internet of things, cloud computing,
and 5G technology, there is a rising interest and growth in data communication. The transmission capacity of optical
transmission networks in different areas such as in division multiplexing, polarisation mode multiplexing, time-
division multiplexing, and multi-level modulation has now reached 100 TB/s via wavelength technology. However,
there are still challenges in the transmission capacity of the existing single-mode optical fibre communication system
due to the nonlinear effect in the fibre. Multicore fibre space division multiplexing technology is one of the pivotal
technologies required to realise exponential growth in fibre transmission capacity. As early as 1979, the concept of
multicore fibre was introduced. However, due to the popularisation of erbium-doped fibre amplifier and dense
wavelength division multiplexing, the space division multiplexing technology did not receive much attention. Space
division multiplexing technology expands the data-carrying capacity of the optical communication system using space.
If the existing commercial single-mode fibre is compared to a single-layer road, then the space division multiplexing
based on multicore fibre would be equivalent to laying a multilayer viaduct at a time. In this case, space channels
increase several times, meeting the data transmission capacity demand for high-speed growth.

Methods The seven-core erbium-doped fibre was prepared by the drilling method. Firstly, seven identical erbium-
doped preforms were prepared based on the modified chemical vapor deposition (MCVD) process and liquid phase
doping technology, and then draw and polish them. Secondly, the high purity wove quartz fibre sock was drilled
according to designed parameters. This step can accurately control the core arrangement to ensure uniform core
spacing of the multicore fiber (MCF) in the drawing process. In the final step, seven prefabricated erbium-doped
rods were inserted into the seven-hole casing and placed on the drawing tower for high-temperature drawing, during
the preparation of the seven-core erbium-doped fibre. A seven-core erbium-doped fibre amplifier with core pumping
was obtained via the fan in/out devices, which couples light between single-core fibre and multi-core fibre and was
fabricated by a tapering fibre bundle. However, the insertion loss among each channel of the fan in/out coupler
differs sharply, which causes the nonuniformity of the amplification curves of each core.

Results and Discussions We successfully fabricate a seven-core erbium-doped fibre with a uniform structure by
the drilling method. The cladding diameter and core pitch of the fibre are 150 pm and 41 pm, respectively. At a total
signal power of 0 dBm and a pump power of 350 mW, the gain and noise properties versus wavelength are obtained as
shown in Fig. 4. A 5.5 m seven-core erbium-doped fibre is used in the system. The maximum gain and average gain
in the C band (1526—-1566 nm) were 17 dB and 14 dB, with the gain difference between different cores less than
5 dB, and the average noise index is less than 6 dB. This erbium-doped fibre meets the requirements for a
communication system for amplifier performance. In addition, the gain contains the loss of all passive components,
which means the gross gain at both ends of the gain fibre is more than 21 dB. More so, we obtain a small power
signal absorption curve at the C band of each core using the amplified spontaneous emission (ASE) source. The gain
and noise characteristics are simulated according to the MC-Cumber theory, which shows a good match in comparison
with experimental results. For better performance of the multicore erbium-doped fibre amplifier, more work needs
to be carried out, such as a clad-pumping scheme with double-cladding fibre, broadband, and high-power erbium-
doped fibre with novel doping component and low insertion space division multiplexing (SDM) passive device.

Conclusions In this paper, a seven-core erbium-doped fibre, to the best of our knowledge is fabricated for the first
time with a China-based MCVD technology combined with drilling. A seven-core erbium-doped fibre amplifier is
constructed with core pumping using fan in/out devices. For the signal, a 31 channel C-band DWDM light is used,
with a total power of 0 dBm. The gain fibre is pumped by a 980 nm light source with a power of 350 mW. The
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maximum gain of 17 dB, average noise index of less than 6 dB, and the gain difference between individual fibre cores
of less than 5 dB are obtained. Seven channels of signals are amplified simultaneously. After compensating for the
passive loss of the whole system, the gain as high as 21 dB is able to meet the commercial application of erbium-doped
fiber amplifier (EDFA). The disadvantage lies in the high complexity of the amplification structure system of the
core pumping, and thus, the cladding pumping scheme is an effective way to reduce the structural complexity and

improve the energy utilisation rate of the future MC-EDFA system.

Key words fiber optics; erbium-doped fibre; space division multiplexing; multicore fibre; broadband amplification
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