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What is LIDT ?

1. What is LIDT ?

LIDT stands for “Laser Induced Damage Threshold” and is defined as the “highest quantity
of laser radiation incident upon the optical component for which the extrapolated probability
of damage is zero” by ISO 21254-1 to 4, or in other words it is an estimate of how powerful
a laser has to be before it begins to cause damage in an optic. LIDT is typically defined
in units of fluence, J/cm^2 when discussing pulsed lasers, on which this technical note
concentrates.
The various parts of ISO 21254 describe the methodology, principles and terminology of
laser damage tests. Laser damage tests are typically performed in the format of 1-on-1 or
S-on-1 tests (occasionally, non-standard tests such as R-on-1 are undertaken, but these
will not be discussed here) . 1-on-1 tests consist of exposing a previously unexposed site
to a single laser shot with a specified fluence. S-on-1 tests consist of exposing a previously
unexposed site to multiple consecutive laser shots with a specified fluence. ISO specifies
that at least 10 sites are tested in order to gain a better representation of the LIDT.
The LIDT is estimated by increasing the fluence and observing resultant changes in the
coatings. In some cases, any observable change in the coatings is considered a failure. An
example is given below in figure 1.

Figure 1: An example of microscopic laser damage morphology. Fluence 0.372 J/cm2,
damage after 933 pulse(s).
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Figure 2: A typical damage probability plot. Fluences below the LIDT typically
cause no damage until they approach it.

Estimates of LIDT may be influenced by a number of factors such as the cleanliness of
the testing facility and the optics themselves as well as effects such as laser conditioning. The pulse diameter and duration are also significant factors, and so LIDTs are often
given with specified pulse characteristics. There are approximate methods that can be
used to scale LIDT for lasers with different specifications. Within the nanosecond/microsecond regime one can estimate LIDT for a certain wavelength, diameter and pulse
duration from an LIDT given with a different set of parameters. The scaling law is given
by the equation below.

Sub-nanosecond scale pulses do not obey this scaling law as different damage mechanisms dominate for such short pulse durations. While LIDT in the femtosecond regime
appears to be strongly related to the electron band gap of the materials, thereby providing a ‘natural’ upper limit to the LIDT, the LIDT in the pico-second regime is still far from
being fully understood. As such, the exact nature of laser damage is still being actively
researched. The main culprits are defects/contamination within the optical coating,
coating material absorption and the resulting response of the coating to high electric
field densities. For example, absorbing defects can be heated to a plasma state causing
a circular pit to form as the top-most layers fail.
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Nodule defects formed during the coating progress can be ejected by the pulse, leaving
pits that penetrate deeply into the coating. Up to a certain limit, these mechanisms can
be mitigated in a multitude of ways, including modifying layer thicknesses in such a way
that peaks of standing wave electric fields are reduced in high index materials as these
standing waves are responsible for a number of damage mechanisms. Additionally, one
can aim to reduce contamination and defects by maintaining a clean coating environment and making use of energetic coating methods.
At MPO we are constantly experimenting with laser resistant coatings and work with
LIDT testing companies to achieve the highest thresholds possible. if you have any
queries about LIDT or the LIDT we can achieve, please contact our sales team (sales@
mpo.im)
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