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Spectral investigation of
laser-induced damage

1 	 High fluence damage - dielectric coating 

(NIR edge filter, 650 nm, 22 J/cm²).

2 	 High fluence damage – Aluminum on 

silicon substrate (450 nm, 28 J/cm²)

3 	 Threshold fluence damage -Aluminum on 

silicon substrate (1000 nm, 0.1 J/cm²). Introduction

Laser-induced degradation and damage 

of optical components is one of the main 

limiting factors for the performance and 

lifetime of high-power optical systems.

The laser stability of optical components is 

not only limited by the instrinsic absorption 

properties of the materials involved, but 

also strongly influenced by extrinsic factors 

such as defects and contaminations. 

Furthermore, in particular for coatings, the 

field distribution inside the components 

plays an important role. All these factors 

result in a strong wavelength dependence 

of the laser-induced damage threshold 

(LIDT) of optical components. 

We offer investigations of laser-induced 

damage at arbitrary wavelengths from the 

UV to the near IR ranges. A special feature 

is our ability to combine LIDT testing with 

in-situ highly sensitive angle resolved light 

scattering (ARS) analysis.

Several laboratories have specialized in 

high-precision LIDT measurements at 

specific high-power laser wavelengths (e.g. 

1064 nm, 532 nm, and 355 nm) [1]. For 

certain applications, however, the laser 

stability must also be tested in the ranges 

between these discrete wavelengths. 

Using a high-power OPO tunable laser 

source allows us to perform damage tests 

at arbitrary wavelengths up to a spectral 

analysis of laser-induced damage. The in-

situ ARS measurement provides additional 

information about changes of the structural 

and material properties during irradiation 

even before fatal damage [2].

Test parameters:

�� Spectral LIDT testing according to:             

ISO 21254 

�� Spectral range: 225 nm – 1750 nm

��High spectral resolution (<0.1nm)

��Max. fluence: ~10³ J/cm²

��On- and offline  monitoring of structural 

and material properties using angle-

resolved scattering
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Experimental method

The experimental set-up is shown in Fig. 4. 

The instrument is based on an OPO light 

source (pulse length 5 ns, rep. rate 20 Hz, 

output energy up to 50 mJ, tuning range 

225 nm to 1750 nm, bandwidth <0.1 nm). 

The sample is mounted into a precision 

double goniometer system which allows 

scanning the lateral position, as well as the 

angles of incidence and scattering [3]. The 

incident beam is focused onto the sample 

(spot diameter ~100 µm), the fluence of 

which is varied using rotation polarizers. 

At each wavelength, a grid of test sites is 

irradiated with different fluences above 

and below the damage threshold. The LIDT 

is then found through a statistical analysis 

(Fig. 6). 

Examples of Application

Metals

The main mechanism involved in damage 

to metals in the ns pulse regime is absorb-

tion. Consequently, the spectral damage 

properties are linked to the spectral absorp-

tion properties. This may lead to a signifi-

cantly different laser stability depending on 

the wavelength of application.

For aluminum, in addition to the 

general linear increase of the LIDT with the 

wavelength below the plasma frequency, 

intraband transitions cause a prominent ab-

sorption feature around 800 nm. As a result, 

the LIDT is substantially lower at 800 nm 

compared to 1064 nm (Fig. 7). Spectral 

investigations of the LIDT are thus indis-

pensible to assess the laser-stability of such 

components for broad-band applications.

Dielectric Coatings

The spectral reflectance and transmittance 

properties of dielectric coatings are the 

result of interference effects tailored by the 

design of the layer structure. Consequently 

the field distribution inside the coatings 

and thus the damage properties strongly 

depend on the wavelength. 

In Fig. 8. the results of spectral LIDT tests 

of a near-infrared edge filter are shown. 

In particular near the band edge, dramatic 

changes of the LIDT can be observed.

4 	 Experimental set-up for spectral LIDT tests 

combined with angle resolved scattering.

5 	 Photograph of sample holder and  

detector head for angle resolved scatter 

measurements.

6 	 LIDT test of dielectric NIR filter at 600 nm. Da-

mage probability vs. Fluence, 100 shots per site.

8 	 Spectral LIDT test of dielectric NIR filter.

9 	 Spectral ARS of dielectric NIR filter.

7 	 LIDT test of aluminum coating as a function 

of wavelength.

5 10 15

0.0

0.2

0.4

0.6

0.8

1.0  Damage probability
 Fit

Fluence (J/cm²)

D
am

ag
e 

p
ro

b
ab

ili
ty

550 600 650 700 750

0

20

40

60

80

100

Wavelength (nm)

Tr
an

sm
it

ta
n

ce

6

8

10

12

14

16

 L
ID

T 
(J

/c
m

2
)

-90 -60 -30 0 30 60 90
1x10-6

1x10-3

1x100

1x103

A
R

S 
(s

r
-1
)

scatter angle ( ° )

 690 nm
 800 nm
 660 nm

200 400 600 800 1000 1200 1400 1600 1800
0.0

0.1

0.2

0.3

0.4

0.5

LI
D

T 
(J

/c
m

2 )

Wavelength (nm)

 Sprectral LIDT

 Fit

LIDT Results (averaged)

fl
u

en
ce

wavelength

This is also linked to resonant effects in the 

light scattering distribution at these wave-

lengths (Fig. 9). Light scattering is caused 

by interface roughness and driven by the 

field distribution inside the coatings; it can 

thus be used to monitor both structural 

and dielectric properties as well as changes 

of these properties during irradiation.
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