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Overview

e Coating thermal noise for interferometric mirrors

* Investigation of the structure with different techniques

e Experiments and results

e Conclusions
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Coating thermal noise
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Mirror coatings
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Si0, study

Samples: | Si0;

e SiO, coatings deposited by IBS (LMA, Lyon) t

e Siand sioz-sub-strates o E Si0, g |

* Annealing in air 10 hours up to 1000°C © = SiO;

* Coating nominal thickness: 500-720 nm v & I I_ Si
Techniques:

=X-Ray Absorption Spectroscopy

S - L EI L - XANES (oxidation state and medium range order)
PSYNCHROTRON - EXAFS (local order)

=Grazing Incidence X-Ray Diffraction (structure, crystallization)

=X-Ray Reflectivity (density)

=Fourier Transform Infrared Spectroscopy (short and medium

range order)

LUCIA beamline
Si K-edge (1839 eV)
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X-ray Absorption Spectroscopy
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X-ray Absorption Spectroscopy
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XANES
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Shift of the white line (~0.2 eV) at increasing annealing temperature

Change in post-edge region: the two marked features merge into a single one
Independent of the sampling depth

Independent of the substrate (Si or SiO,)
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XANES: densified silica glasses
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Poe B.T. etal., Journal of Non-Crystalline Solids 341 (2004) 162-169 > XANES calculations for different densification levels for a
complete interpretation
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EXAFS
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Grazing Incidence X-Ray Diffraction
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X-Ray Reflectivity
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* Films too thick = only density estimation from the critical angle
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Fourier Transform Infrared Spectroscopy
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 Shift of the fundamental band, correlated to Si-O-Si bond angle, at higher frequencies with increasing annealing
temperature - Medium range order structural rearrangement, evident at 800°C

* The shoulder at ~1020 cm™ may suggest the presence of some structural defects (OH groups or Si-O- non bridging oxygens)
for low annealing temperatures
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Fourier Transform Infrared Spectroscopy
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 Shift of the fundamental band, correlated to Si-O-Si bond angle, at higher frequencies with increasing annealing
temperature - Medium range order structural rearrangement, evident at 800°C

* The shoulder at ~1020 cm™ may suggest the presence of some structural defects (OH groups or Si-O- non bridging oxygens)
for low annealing temperatures
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Conclusions

* SiO, coatings have been investigated for different annealing temperatures and with
several complementary techniques

. S]E)fectral changes occur in the XANES region, associated to medium range order
effects

* The local structure remains unchanged from EXAFS analysis

* No crystallization peaks of SiO, polymorphs with annealing, so the samples remain
amorphous. Moreover, a change in the peak of amorphous SiO, at 22° is observable

* All the samples exhibit a decrease of the density with respect to the annealing
temperature, with XRR

* Medium range order rearrangement is observable from FTIR. The presence of
possible defects is under study

Less dense structure at increasing annealing temperature
Local structure unchanged
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