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Statement of the Problem: Few mode fiber (FMF) based space
division multiplexing (SDM) technology is the promising solution of
capacity crunch issue [1]. To allow the simultaneous amplification of
all signal mode groups of FMF, it is necessary to design a few-mode
erbium doped fiber amplifier (FMEDFA). The major challenge in the
designing of FMEDFA is the gain equalization (i.e. zero differential
modal gain (DMG)) without any mode coupling.
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Figs: (a) Refractive index profile of proposed fiber (shaded region represents
the doping region) (b) Variation of gains of mode groups with fiber length in
absence of trench (c) Variations of gains of mode groups with fiber length in
the presence of trench of width 4 um. (d) Variation of gains and noise figure of
five mode groups over C-band.

Methodology & Theoretical Orientation: We propose a trench-assisted
ring-core  EDFA (as shown in Fig. (a)). The simultaneous
amplification of 18 modes of five mode groups has been studied using

this fiber with ring doping and fundamental mode pumping. Transfer
matrix method has been used for mode profile calculation [2]. Gains and
DMGs of FMEDFA have been calculated through the mathematical
modelling given in Ref. [3].

Findings: Fig. (b) shows that more than 20 dB amplification with less
than 1.32 dB DMG and mode spacing Anest > 4.9x 10 is achieved for
fiber length > 2.8 m. Fig. (c) shows that on introducing the trench of
width 4 pm, more than 20 dB amplification with less than 0.45 dB
DMG and Anert > 5.1 x 10 is achieved for fiber length > 2.3 m. The
results show that trench helps significantly in controlling the DMG. Fig.
(d) shows that over the C-band, more than 20 dB amplification of five
mode groups with nearly 1 dB gain excursion is achieved with Anest >
5.1 x 10*and NF < 3.6 dB.

Conclusion & Significance: The numerical simulations show that trench
contributes significantly in minimizing the DMG. The proposed
FMEDFA is capable to amplify 18 modes simultaneously with more
than 20 dB gain and nearly 1 dB gain excursion. Therefore, proposed
FMEDFA would be useful for FMF based SDM optical communication
system.
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