Laser diode degradation: mechanisms and defects
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The degradation of laser diodes is a severe problem for the laser makers, but it is also a very
relevant defect physics problem as it involves optical, mechanical and thermal issues. We
present herein a description of the main defects associated with the laser degradation, but also
the principles of formation and propagation of the main products of the degradation, the so
called dark line defects (DLDs). The DLDs are created during the laser operation leading to the
failure of the device. We analyze here the degradation of different lasers, in particular, 980
InGaAs/AlGaAs monomode lasers, 450 nm InGaN/GaN lasers, and 808 nm broad areca
AlGaAs/GaAs lasers. The defects generated during the laser operation are revealed by
cathodoluminescence (CL). From the analysis of those defects one can establish mechanisms
of degradation, and the trends of propagation of the defects forming the DLDs. Thermal strain,
laser radiation self- absorption, local collapse of the thermal conductivity, and thermal lensing
are the mechanisms inducing the defect formation and propagation leading to the device failure.

References (if needed)

[1] J. Jiménez, Laser diode reliability: crystal defects and degradation modes. Comptes Rendus Phys. 4 (2003)
663673

[2] J. Souto, J. L. Pura, J. Jiménez, Thermomechanical issues of high power laser diode catastrophic optical
damage. J. Phys. D. Appl. Phys. 52 (2019) 343002

[3]J. Souto, J. L. Pura, J. Jiménez, Nanoscale effects on the thermal and mechanical properties of AlGaAs/GaAs
quantum well laser diodes: influence on the catastrophic optical damage (COD). J. Phys. D. Appl. Phys. 50 (2017)
235101

[4] A. Martin-Martin, M. Avella, M. P. Iiiguez, J. Jiménez, M. Oudart, J. Nagle, Thermomechanical model for
the plastic deformation in high power laser diodes during operation. J. Appl. Phys. 106 (2009) 073105

[5] Martin Hempel, Shabnam Dadgostar, Juan Jiménez, Robert Kernke, Astrid Gollhardt, and Jens W. Tomm,;
COD defect propagation in 450-nm emitting diode lasers at high emission powers controlled by artificially
generated seed points; Physica Status Solidi RRL (2021) 2100527

[6] S. Dadgostar, J. Souto, J. Jiménez; CL as a tool for device characterisation: the case of laser diode degradation;
Nano Express 2 (2021) 014001

[7] S. Dadgostar, J.L. Pura, I. Mediavilla, J. Souto, J, Jimenez; Catastrophic Optical Damage in 808 nm Broad

Area Laser Diodes: A Study of the Dark Line Defect Propagation; Optics Express 30 (2022) 42624



