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Thermal Noise
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Project sensitivity curve (next observing run: 13/01/2022)

 Thermal noise ~ 10 - 300 Hz
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Phase II upgrades:
Factor 3 reduction of coating 
loss angle
Beam size increase on ETM

Increase the mechanical 
performances of today's 
reflective coatings, retaining 
their outstanding optical and 
morphological properties.



High Coordination Number Glasses: SiC

Mechanical properties: linked to Two Level Systems (TLS) number density.

Low TLS density in high coordination number 
materials:

 SiC: mainly hexagonal coordination geometry of 
Si and C

• Potentially of interest in several 
applications where high transparency 
needs to pair with good mechanical 
properties. 

• However a-SiC is a rather unexplored 
material.

• Its properties may depend both in the 
composition and on the deposition 
methods.

• The microscopic origin of its properties 
needs to be investigated. 
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Reduction of total 
number of TLS

High coordination 
number glasses

Coordination number is the 
number of atoms bonded to a 

central one: if it is higher than 3, 
the structure is more rigid (high 

coordination number materials are 
often linked via their edges or their 

faces making structural 
reorganization more difficult)



1. Ion Beam Sputtering (IBS) SiC

 3 samples produced @GOLD

• 1 x 100 nm [nominal thickness] on 1” Al2O3 witness 
sample

• 2 x 200 nm [nominal thickness] on each side of 2 “ SiO2

disks

 SiC sputtering target purity = 99,9995%

2. Magnetron Sputtering (MS) SiC

 Several samples produced @INFN-LNL

• 100 – 500 nm

• Different stoichiometries

• Different substrates (Si, SiO2)

 SiC sputtering target purity = 99,999%

Amorphous SiC samples
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VIR-0913A-20

VIR-0077A-20

https://tds.virgo-gw.eu/?content=3&r=17810
https://tds.virgo-gw.eu/?content=3&r=16702


Morphological characterization
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SiO2

SiC
roughness

Sample: SiO2 substrate t = 0.1 mm + MS – SiC coating 500 nm [nominal]   Si/C = 0.74

RMS Roughness = 2.25 nm

It seems to be present some 
raw textures (probably due to 
the polishing)

AFM topographies of SiC surface. The image scale-bars are respectively 
(a) 5mm and (b) 500 nm. 



Sample: Al2O3 substrate 1” + IBS – SiC coating 104.3 nm

Structural characterizations

XRR analysis GI-XRD analysis 
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t = 104.3 ± 0.1 nm
density = 2.87 ± 0.1 g/cm3

 No evidence of crystalline phases

Al2O3

SiC



Structural characterizations

XRR analysis GI-XRD analysis 
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t = 423.1 ± 0.1nm (one side)
density = 2.82 ± 0.05 g/cm3

 No evidence of SiC crystalline phase
 Background structure due to underlying SiO2 substrate

Sample: SiO2 substrate 2” + MS – SiC coating 423.1 nm (on one side) SiO2

SiC

SiC



Composition characterization

RBS analysis IBS – SiC
As-deposited IBS samples are close to the stoichiometric 
composition.

RBS analysis MS – SiC
MS deposited samples are weak in Si (Si/C = 0.74). By adding some Si 
pieces on the target the composition can be tuned.
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Si/C = 1.05 – 1.10

Si/C ~ 1



Optical characterizations

19/05/2021
GWADW2021 - Properties of amorphous SiC (Diana Lumaca) -

VIR-0513A-21
9

Sample: Al2O3 substrate t = 5 mm + IBS – SiC coating 101.59 nm  Si/C = 1

• First estimation of the 
absorption: it is way 
too high 
𝑘𝑡𝑎𝑟𝑔𝑒𝑡 ~ 10−6

SE fit results
SiC: 101.59 ± 0.05 nm
OptRough: 1.50 ± 0.04 nm

~ 0,077

Al2O3

SiC
roughness



Optical characterizations

19/05/2021
GWADW2021 - Properties of amorphous SiC (Diana Lumaca) -

VIR-0513A-21
10

2 Samples: SiO2 substrate t = 0.1 mm + MS – SiC coating 500 nm [nominal]   Si/C = 0.74

SE fit results

1. SiC: 478.8 ± 0.8 nm 
OptRough: 5.78 ± 0.16 nm

2. SiC: 401.8 ± 0.7 nm 
OptRough: 8.28 ± 0.19 nm

 The annealing reduces 
the absorption of about 
5 times

 The absorption is still 
way too high 
𝑘𝑡𝑎𝑟𝑔𝑒𝑡 ~ 10−6

 The stoichiometry does 
not seem to modify 
significantly the optical 
properties: further 
investigation ongoing!

Sample 1
Sample 1 after annealing
Sample 2
Sample 2 after annealing

Sample 1
Sample 1 after annealing
Sample 2
Sample 2 after annealing

Sample 1
Sample 1 fit
Sample 1 after annealing
Sample 1 after annealing fit
Sample 2
Sample 2 fit
Sample 2 after annealing
Sample 2 after annealing fit

~ 0,02

SiO2

SiC
roughness



Mechanical characterizations

19/05/2021
GWADW2021 - Properties of amorphous SiC (Diana Lumaca) -

VIR-0513A-21
11

 Open issue: density 𝝆 = 𝟐, 𝟐𝟓 ± 𝟎, 𝟖 g/cm3
Measured thanks to SE measurements of thickness = 220 ± 5 nm

Resonant ring-down method and Gentle Nodal Suspension
Vibrating body (disc-shaped sample, properly suspended) damping 
characteristic time of free oscillation:

𝜑 =
1

𝜋𝑓𝜏

Coating loss angle detection: 

𝜑𝑐𝑜𝑎𝑡 ≅
𝜑𝑠𝑢𝑏+𝑐𝑜𝑎𝑡+ 𝐷−1 𝜑𝑠𝑢𝑏

𝐷
where: 𝐷 = 1 −

𝑚0

𝑚

𝑓0

𝑓

2

Sample:
SiO2 substrate t = 0.5 mm 
IBS – SiC coating 2x 220 nm

Unexpected behaviour in 
frequency: may be related 
to deposition technique? 

Procedure:
• 𝑓 and 𝑓0 measured
• 𝑚 and 𝑚0 measured
• 𝜑𝑠𝑢𝑏 and 𝜑𝑠𝑢𝑏+𝑐𝑜𝑎𝑡

roughness

SiO2

SiC

SiC
roughness

M Granata et al 2020 Class. Quantum Grav. 37 095004

 𝝋𝒄𝒐𝒂𝒕 = 𝟕, 𝟓 − 𝟏𝟎, 𝟎 × 𝟏𝟎−𝟒

 𝒀 = 𝟐𝟕𝟒 ± 𝟏 GPa
 𝝊 = 𝟎, 𝟐𝟏 ± 𝟎, 𝟎𝟏

https://iopscience.iop.org/article/10.1088/1361-6382/ab77e9


Mechanical characterizations
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Sample:
SiO2 substrate t = 0.35 mm 
MS – SiC coating 431 + 422 nm

Butterfly modes

Mixed modes (1° family)

Mixed modes (2° family)

Resonant ring-down method and Gentle Nodal Suspension
Vibrating body (disc-shaped sample, properly suspended) damping 
characteristic time of free oscillation:

𝜑 =
1

𝜋𝑓𝜏

Coating loss angle detection: 

𝜑𝑐𝑜𝑎𝑡 ≅
𝜑𝑠𝑢𝑏+𝑐𝑜𝑎𝑡+ 𝐷−1 𝜑𝑠𝑢𝑏

𝐷
where: 𝐷 = 1 −

𝑚0

𝑚

𝑓0

𝑓

2

Procedure:
• 𝑓 and 𝑓0 measured
• 𝑚 and 𝑚0 calculated (thanks to SE measurement of the 

coating thicknesses and XRR measurement of density)
• 𝜑𝑠𝑢𝑏 and 𝜑𝑠𝑢𝑏+𝑐𝑜𝑎𝑡

roughness

SiO2

SiC

SiC
roughness

M Granata et al 2020 Class. Quantum Grav. 37 095004

 𝝋𝒄𝒐𝒂𝒕 = 𝟓 − 𝟏𝟏 × 𝟏𝟎−𝟒

 𝒀 and 𝝊 still to be evaluated

https://iopscience.iop.org/article/10.1088/1361-6382/ab77e9


Molecular Dynamic simulations

Model from “Vashishta et al, JAP 101, 103515 (2007)”: 2-body 
(repulsion, screened Coulomb, charge-dipole, van der Waals) and 3-body 
interactions (bond bending and stretching).

Benchmark on crystalline and liquid SiC: good agreement with exp data.

Preparation of the amorphous samples via melt cooling (zero pressure).

Strong tendency to crystallize, tuning the cooling rate crystallized 
fraction (CF) in the range 10% or less.
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slope = 0.1387

Simulated amorphous-SiC: 

Density 𝜌 = 2.98 g/cm3

Young modulus E = 150 ± 10 Gpa

Poisson’s ratio 𝜈 = 0.29 ± 0.01

 Density in good agreement with observed experimental values
 Poor agreement for mechanical properties

Rate 104 K/ns

CF: 50-80%

Rate 105 K/ns

CF <5%

VIR-0379A-21

https://tds.virgo-gw.eu/?content=3&r=18613


Conclusions

• No evidence of crystalline phases: IBS and MS SiC samples are amorphous

• Roughness from AFM and SE in agreement: ~ 𝟐 − 𝟏𝟎 nm 

• Density evaluation in agreement with literature and MD simulations: ~ 𝟐, 𝟖 − 𝟐, 𝟗 g/cm3

• The absorption is still way too high [wrt ~10−6 desired value]: 𝐤 ~ 𝟐 × 𝟏𝟎−𝟐 (after annealing)

• IBS and MS SiC loss angle values in agreement: 𝝋 ~ 𝟓 − 𝟏𝟏 × 𝟏𝟎−𝟒

• Elastic and mechanical properties not in agreement with literature and MD simulations

 Reasons for the strong absorption still to be understood

 Direct measurement may give better estimation, rather than SE (less sensitive at that  wavelength and depending on many fit 
variables)

 Investigation of stoichiometry: any correlation with the observed properties? Ongoing!

 Investigate possible reasons to explain the discrepancy with respect to MD simulations
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Thank you!

diana.lumaca@roma2.infn.it
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