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The parameter values used for numerical calculation are listed in Table S1 and Table S2. Note that the well-known physical constants such as the Planck constant h and the Boltzmann constant kB are not provided, and the absorption and emission cross-sections of ytterbium-doped fiber (YDF) dependence on the wavelength can be obtained from the supplementary Ref. [1] as well as the fiber supplier. As for the simulation method of the combining of rate equations and generalized nonlinear Schrödinger equation (GNLSE), here we utilized the well-known split-step Fourier method (SSFM), one can refer to supplementary Refs. [2, 3], and a basic computer code can also be found in the famous book Nonlinear Fiber Optics written by Prof. G. P. Agrawal (Pages 615–617, 5th edition, Academic Press, 2013).
Table S1. Parameters for the numerical calculations (10/125 YDF).
	Parameter
	Symbol
	Value

	Loss coefficients
	αp, αs
	3, 5×10-3 m-1

	Dispersion coefficients
	β2, β3
	15.6 ps2/km, 0.05 ps3/km

	Nonlinear Kerr coefficient
	γ
	1.8 W-1/km

	ytterbium dopant concentration
	N0
	6.23×1025 m-3

	Overlap factors
	Γp, Γs
	0.0064, 0.85

	Lifespan of excited state population
	τ
	840 μs

	Temperature
	T
	298 K


Table S2. Parameters for the numerical calculations (20/400 YDF).
	Parameter
	Symbol
	Value

	Loss coefficients
	αp, αs
	3, 5×10-3 m-1

	Dispersion coefficients
	β2, β3
	20.4 ps2/km, 0.04 ps3/km

	Nonlinear Kerr coefficient
	γ
	0.5 W-1/km

	ytterbium dopant concentration
	N0
	7.8×1025 m-3

	Overlap factors
	Γp, Γs
	0.0025, 0.85

	Lifespan of excited state population
	τ
	840 μs

	Temperature
	T
	298 K
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