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Causes of Laser Diode Damage

Overview
Why Do Laser Diodes Fail: Understanding Common Causes and The primary reasons
laser diodes fail boil down to a combination of factors, including electrical.

Key Takeaways
Laser diodes can be damaged by excessive optical power, over-current, over-voltage,
or thermal stress, with catastrophic optical damage (COD) being the most common
failure mode.Catastrophic Optical Damage (COD)

COD occurs when the laser facet absorbs too much light energy, causing localized
melting and recrystallization of the semiconductor material at the emitting facet. This
can happen in less than a millisecond and is often visible as darkening, cracks, or
grooves on the laser facet. COD is more likely in short-wavelength lasers and is a
primary failure mode for AlGaInP/AlGaAs red lasers. The damage is triggered by a
positive feedback loop where slight increases in temperature or absorption lead to
further heating and eventual material destruction .

Electrical and Junction-Related Damage

Laser diodes can also fail due to over-current or over-voltage conditions, which cause
localized heating in the P-N junction. This can fracture the laser die or permanently
damage the optical mirrors, preventing lasing. Low-power diodes (below ~200 mW)
are particularly sensitive to electrostatic discharge (ESD) because they are fast
devices used in high-speed applications . Exceeding the maximum design current,
even briefly, can trigger these failures .
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Thermal Effects

Heat accumulation at the junction or facet can accelerate aging and reduce the
diode's lifetime. Without proper heat dissipation, the diode may enter a negative
spiral where increased current raises temperature, which in turn requires more
current to maintain output, further increasing the risk of damage . Using heat sinks
and maintaining operation within safe temperature ranges is critical.

Preventive Measures
• Current and voltage control: Avoid exceeding the diode's maximum ratings, even
momentarily.

• ESD protection: Implement proactive measures to prevent static discharge.

• Thermal management: Use heat sinks and ensure good thermal contact to dissipate
heat efficiently.

• Facet protection: Some diodes include coatings or designs to reduce COD
susceptibility.

• Operating margins: Maintain sufficient safety margins below absolute maximum
ratings to extend lifetime . Understanding these mechanisms is essential for reliable
operation and longevity of laser diodes in applications ranging from fiber-optic
communication to industrial lasers.

Article Content

Catastrophic optical damage

It occurs when the semiconductor junction is overloaded by exceeding its power
density and absorbs too much of the produced light

Laser-induced Damage

Laser-induced damage occurs in optical components due to intense laser radiation,
with different physical mechanisms in different

Failure mode characterizations of semiconductor lasers

Catastrophic optical mirror damage (COMD) and catastrophic optical bulk damage
(COBD) are the main factors that

Catastrophic optical damage

Catastrophic optical damage Four electron micrographs of a green laser diode PLT5
with catastrophic optical damage on one side of

Catastrophic Optical Damage in Semiconductor Lasers: Physics
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Catastrophic optical damage (COD) is one of these mecha-nisms. It occurs
particularly in high-power operation of diode M. Hempel,

Catastrophic Optical Damage in High-Power, Broad-Area Laser Diodes

Catastrophic optical damage (COD) is semiconductor material within the optical
cavity of laser diodes that is thermally

Related Video Reference

This video was associated with the source search result. Verify technical details
against current product documentation and project requirements.

Contact Us

Continue your research online:

Website: https://rivomultitrade.co.za
Technical inquiry: https://rivomultitrade.co.za/contact.html

This document is for preliminary research. Verify specifications against current
standards, product documentation and project requirements.
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