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Initiators of laser damage: extrinsic defects
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Fundamental laser damage resistance limit is 
defined by intrinsic damage

Benoit Mangote et al OPTICS LETTERS 
Vol. 37, No. 9, May 1, 2012

Gallais et al. J. Appl. 
Phys. 117, 223103 (2015)
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Carl M. Liebig et al., Optical 
Engineering, 2007. 46(2): p. 023801.
Lowry, J., et al., Appl. Opt., 1999. 
38(10): p. 2083-2085.



1-on-1 LIDT testing: 
Ta2O5 coating irradiated by 1064 nm, 5 ns pulses

Krol, H., Gallais, L. Grezes-Besset, C., and Natoli, J.-Y.,
Investigation of nanoprecursors threshold distribution in
laser-damage testing, Optics Communications, 256, pp. 184–
189 (2005)
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SAD - „Standard Approach“ Deposition: 
different materials for different H and L layers
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Solution: design artificial ultra low n materials 
in high band-gap matrix

SOL-GEL:
single layer 
AR coating

Interferometric
lithography:
„single layer“
mot-eye AR coating



GO for GLAD! - use: 
same material but different porosity
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SUBSTRATE

VAPOUR FLUX

E-BEAM SOURCE

What is GLAD? 





GLAD approach on stationary substrates 
coatings are birefringent



How we do it?

SUBSTRATE



GLAD: VOLUME FRACTION POROSITY 
TOP VIEW CROS-SECTION

+ Rotation+ Rotation



Calibration of refractive index for 
silica GLAD single-layers



Designing of „new generation“
porous/non-porous all-silica HR mirrors

Hafnia/Silica: IBS ALL-Silica: E-Beam

SAD Reference: GLAD Experimental:



All-Silica Mirrors are Possible by Varying GLAD angle!



Spectral performance of both samples

GLAD 
Reflectance:

at peak 98,6 %



Mapping of Total Integrated Scattering (TIS) 
@355 nm

Hafnia/Silica: IBS ALL-Silica: E-Beam



AFM Roughness

Hafnia/Silica: IBS ALL-Silica: E-BeamFused silica substrate



First results of LIDT in UV 
(ISO 1000-on-1, 355 nm, 0 deg, 4 ns)
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MAXIMUM
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MAXIMUM
30 J/cm2

MAXIMUM:
>65J/cm2

Hafnia/Silica: IBS ALL-Silica: E-Beam

First results of LIDT in UV 
(ISO 1000-on-1, 355 nm, 0 deg, 4 ns)



Typical Damage Morphology: 
light intensified by extrinsic nodular defects



Multilayer AR coatings can be also 
produced in GLAD way!

TOMAS TOLENIS et al - Vol. 7, No. 4 |  OPTICAL MATERIALS EXPRESS , (2017)

1-on-1 LIDT
15 J/cm2



Conclusions

• All-silica HR coating was produced by GLAD technique for the first 
time and indicate at least 2x higher LIDT potential for UV applications 
(with respect to SAD hafnia/silica IBS coating);

• Intrinsic damage threshold of coatings can be increased by using 
“effective refractive index” materials;

• Large roughness and thus scattering losses should be overcome in 
order to exploit full potential of GLAD technology;

• GLAD technology is also applicable for production of multilayer AR 
coatings.
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