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Thin Films for Gravitationd/ave Interferometers.Physical
Review Applied8.5 (2022): 054074.
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SiO2/Ti:Ta205 multilayer
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Bright field

Granata Massimo, et al. "Mechanical loss in stafiethe-art amorphous optical
coatings."Physical Review @8.1 (2016): 012007.

Magnozzet al. VIRD375A21

Spatial mappingot:elements
Investigated depth: fronfiew nm to microns
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spectrum

Imaging magnification: up to x 1076
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SiIN3 with heavy oxygen contamination and
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Crystalline grains formation in
Ta205 upon annealing 6309 h
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U Surfacettopegraphy
U Very good height resolution (down toAlng

0nm

U Many different measure mode (contact, non
contact, lateral force, etc.)
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Einstein Telescope SEM
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Sample —
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Surfagettopegraphy

Cressssectioning

Very good height resolution (down toAlng)
Possibiltyto use different probes

05 el

SEM image of an ion beainLJdzi § SNBR <k n
stack of SigXlight) and Ti@doped TaO; (dark)
designed for highreflectivity at 1064 nm

Reid, S.; Martin, LW. Development of Mirror Coatings for Gravitational Wave
Detectors.Coating2016 6, 61. https://doi.org/10.3390/coatings6040061
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Bubbles in Hf: Ta205
Surfacecobseryatian annealed

Submicron resolution

Possiblityto perform large area mapping
Software for analysis of images
Defects (bubble, cracks, crystallites)

Morphology:
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Einstein Telescope Digital Optical Microscopy

25um

Crystalline grains in Ta205 after
annealing
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Favarg G., et alPhysicaReview
Applied18.4 (2022): 044030.

o _ “thermal annealing
Characterization of a SiC layer on Si

deposited by magnetron sputtering,
Thickness: t = (42340.1) nm;
DensityY [ #0{08g/am3

RMS Roughness: [ +@&I1dnimo o
L.Silenzi et al. GWADW 2023
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CodyLorentzdispersion model
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Thickness

Spectroscopi@llipsometer Photon Energy
Measures.the reflected beam polarizatiol ELGULIE) oy (E=Er) 0<E<E,
as a function of: _ "
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Input polarization G(E)L(E) = B ) E > E;
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A Angle of incidence . . . .
U Refractveindex and:ahsopptionatidifferenvavelenghts
In general, the obtained data must be i Thickness:anddotighness
analyzedassumingan optical model: no i Investigated depth: from monolayer oy Q &
direct inversion is possible 0 { Syardagordey Ad R %.Jﬁé{dﬂéﬁi ot alVIROG15A22
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Measurement example :

Ti: Ta205 sample with
Ti/(Ti+Ta) = 0.21

Refractive index
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2.25

2.20

2.15

2.10

2.05

44

4.2

4.0

38

3.6

34

3.2

.

75 T -
_ a) L b)
@1064 nm + + 7.0+ t i
- 7 ”g 6.5} 1
+ 5
: 4 > 60f $ B
t
i - | & 55 .
I @ Not annealed 50+ 4
1 ® Annealed
1 L 1 1 | 1 45, | | ! | 1]
0 20 40 60 80 100 0 20 40 60 80 100
Til(Ti+Ta) (%) Til(Ti+Ta) (%)
FT T T T T ™ 180FT T T T T T
" c) | d)
2 160} + -
- . E
1 3 *
0 % 1 S 140} .
| w
B # - ] fé t *
o
‘ + + 5 120 + .
W
—= k I L 1 1 o=
0 20 40 60 80 100 10 0 20 2 80 80 100
Til(Ti+Ta) (%)

Amato, Alex, et al. "Observation of a correlation between internal friction

and Urbachenergy in amorphous oxides thin film&tientific Report$0.1

(2020): 1670.

TU(Ti+Ta) (%)

Composition dependence
of optical properties in
titania-doped tantala
Monotonous trends:

Refractive index
Density

Energy gap

Urbach energy, not annealed

Non-monotonous trend:
* Urbach energy, annealed

This sample isthe one with
the best performances
(lowest optical absorption,
lowest thermal noise)

M. Magnozzi et alVIR0615A22
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M. Magnozzet al. VIRO367A24
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Favarg Giulio, et al. "Reduction of mechanical losses idbeam
sputtered tantalum oxide thin films via partial
crystallization."Classical and Quantum Grav4$.10 (2024).
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BSDF: characterization of scattering\properties
Bi-directional Scattering Distribution Function (BSDF), the b
ratio of the scattered radiance (ph/s-unit area -sr) to the incident
irradiance (ph/s-unit area).

A sort of ‘reflectance per solid angle’.

z

Incident beam—)l BSDF _ d (D-\' / ‘l Q-" —.
| ~ (dd)cosh, TP N

Energy conservation: BSDF must be the same if
the incident and scattered rays are reversed
(‘Bidirectional’)

BSDF (6;, &, 65, &) = BSDF (6, &y, 6;, &)

S5 warer - >3Znm laser, L3 at /mm, IrisZ=uaeg, noriz pa, all paneis
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20 40 60 80 100 - L «
6 (deg) =T e 1
Scatterometer

L Conti- EPS HEP 2023 ; \0RL8B23
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J. Smith et al. LIGO DCC G2400%57



