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Abstract: InGaAs/GaAs semiconductor lasers have shown great application potential in many fields with their ex-
cellent optical properties. The emission scaling factor is an important physical parameter in assessing and revealing
semiconductor laser performance. In this paper, a novel experimental measurement approach of emission scaling fac-
tor for 980 nm InGaAs/GaAs quantum well structures is proposed and described, which is used to reveal and analyze
the carried-injected band-filling effect and radiation characteristics of semiconductor lasers. The theoretical formula
between photoluminescence (PL) spectra and emission scaling factor of InGaAs/GaAs quantum well structures are es-
tablished. In this method, the PL spectra emitted from the dual facets of InGaAs/GaAs edge-emitting laser structure
are collected at room temperature 300 K, which is pumped by 808 nm fiber coupled lasers. The emission scaling fac-
tors of InGaAs/GaAs structure are obtained with the various carrier densities of 9. 0x10'7, 9.2x10", 9. 4x10'", 9. 6x
107 em™. The measurement results show that the emission scaling factor has an almost uniform distribution under the
same thermal equilibrium state. In addition, the factors gradually increase to 7.98x10'", 1.68x10", 2.65x10",
3.36x10" W'-eV'+s" with the rise of carrier densities. This is because the band-filling levels of electrons and holes
gradually increase as the carrier densities increase, which lead to the separation of the quasi-Fermi levels of electrons

(Eg,) and holes(EFp) and a move to conduction band and valence band, respectively. The Fermi level represents the
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boundary between quantum states that are basically occupied or empty. Therefore, the quantum state within the qua-

si-Fermi energy spacing is basically filled by carriers, and the quantum state larger than that is basically empty. This

causes the emission scaling factor to gradually decrease at the quasi-Fermi energy spacing. The great significance of

this work lies in that it can not only propose a novel experimental method for the emission scaling factor, but also re-

veal the energy filling levels of non-equilibrium carrier under different thermal equilibrium states. This study has im-

portant research value for revealing the radiation mechanism and promoting the development of semiconductor lasers.
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Fig.1  Basic material composition and waveguide structure of

InGaAs/GaAs quantum well
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Fig.2 (a)The measurement principle of PL spectra. (b) The

PL spectra with various carrier densities.
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Fig.4 The curves of emission scaling factor under different

carrier densities and their variations
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