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Abstract: [ Objective JWith the requirements of increased capacity in optical communication systems and the developments of few -
mode - fiber-based space -division-multiplexing systems, the Few-Mode Erbium-Doped Fiber amplifier (FM-EDFA) utilized as
a repeater has attracted more attention. However, the Differential Modal Gain (DMG) limits the transmission distance of Mode
Division Multiplexing (MDM) systems, and degrades the system robustness. [ Methods I To address these issues, this paper pro-
poses a layered - distributed refractive index Few-Mode Erbium-Doped Fiber (FM-EDF) based on a ring-core structure. The fi-
ber features optimized layer width and refractive index distribution, and incorporates a low -refractive -index groove. This design
enables gain equalization with high gain and low DMG in a four-mode FM-EDFA (supporting LP0O1, LP11, LP21, and LP31)
under cladding - pumping conditions. [Results] The results demonstrate that introducing a layered - distributed refractive index
structure into the high-index ring-core enables a DMG of 0. 2 dB. Additionally, over the wavelength range of 1 530~1 565 nm,
the proposed design achieves a gain exceeding 19 dB, a DMG below 0. 23 dB, a noise figure lower than 5. 96 dB, and a gain flat-
ness of less than 0. 9 dB. Then, investigations on the transmission characteristics are executed employing 1 000 km transmission
systems with the repeatered distance of 25, 50, 100 and 125 km respectively. The results show that around 20 dBm output power
and 4. 05 dB DMG could be achieved over 1 000 km transmission with an optimal repeatered distance of 50 km. [ Conclusion 1 The
scheme that introducing layered - distributed refractive index when designing the FM - EDF could effectively decrease the DMG,
contributing to gain equalizations and all - optical amplifying of cladding -pumped FM-EDFA. It can also enhance the capacity of
mode division multiplexing system benefitting from superior gain characteristics in long-haul transmissions.
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Figure 8 The transmission characteristic with different repeatered distances
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