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Study on the relationship between polarization and transverse
modes of narrow ridge waveguide semiconductor lasers
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Abstract: A numerical calculation model of the narrow ridge waveguide was established based on the effective refrac-
tive index method. The relationship between the polarization characteristics and the transverse mode of the InGaAs
quantum well narrow ridge waveguide semiconductor laser was studied experimentally. According to theoretical calcula-
tions, the effective refractive index difference of the TM-like mode in the ridge waveguide is larger in the direction of
the slow axis. The confinement factors of the TM-like mode are larger than those of the TE-like mode, and the slow-ax-
is high-order mode is more likely to appear. As the height of the ridge waveguide increases, the fast-axis high-order
modes are truncated, and the confinement factor of the TE -like mode gradually increases to be similar to that of the
TM,,-like mode. The slow-axis high-order mode is suppressed due to its large scattering loss, theoretically achieving
high polarization, and near diffraction limit beam-quality laser output. In terms of experiments, a narrow ridge wave-
guide semiconductor laser with a high polarization extinction ratio and a fundamental transverse mode was fabricated by
the gain polarization characteristics of quantum well materials and by designing the height and width of the ridge.

Key words: semiconductor lasers, beam quality, polarization extinction ratio, effective refractive index method,
waveguide mode analysis
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Fig. 1 Schematic diagram of the ridge waveguide structure
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Table 1 Parameters of a numerical model of the ef-

fective refractive index method

Material Refractive index Thickness/pm
Al ,,Ga, ,As 3.314 479 45 0.8
Al ,,Ga, g As 3.426 353 90 0.7
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Al Ga, As 3.387308 75 2.0
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Fig. 2 The effective refractive index difference between TE-

like and TM-like modes as a function of etching depth
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second moment beam quality
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