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High Coordination Number Glasses: SiC

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

Low TLS density in high coordination number
[ Reduction of total materials:
number of TLS » SiC: mainly hexagonal coordination geometry of
J, Siand C
* Potentially of interest in several
High coordination applications where high transparency
number glasses needs to pair with good mechanical
\l/ properties.
 However a-SiC is a rather unexplored
(" Coordination number is the ) material.
number of atoms bonded to a * Its properties may depend both in the
central one: if it is hlgher than 3, Comp05|t|0n and on the depOS|t|0n
the structure is more rigid (high methods
coordination number materials are o o ) )
often linked via their edges or their * The microscopic origin of its properties
faces making structural needs to be investigated.

\ reorganization more difficult) Y,
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Amorphous SiC samples oo

1. lon Beam Sputtering (IBS) SiC m

rupo de Optica de | dminas Delgadas

+* 3 samples produced @GOLD Coating Solutions Provider

¢ 1x100 nm [nominal thickness] on 1” Al,O; witness
sample

e 2x200 nm [nominal thickness] on each side of 2 “ SiO,
disks

» SiC sputtering target purity = 99,9995%

2. Magnetron Sputtering (MS) SiC INFN

LNL
0:0 Seve ra | sam ples p rOd uced @ | N FN _LN L Istituto Nazionale di Fisica Nucleare

Laboratori Nazionali di Legnaro
* 100-500 nm

* Different stoichiometries
 Different substrates (Si, SiO,)

» SiC sputtering target purity = 99,999%
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Morphological characterization

roughness

SiC
Sample: SiO, substrate t = 0.1 mm + MS - SiC coating 500 nm [nominal] Si/C=0.74 Si
2
AFM topographies of SiC surface. The image scale-bars are respectively
(@) 5um and (b) 500 nm.
35.0 nm ( 12.0 nm
30.0 10.0
| L 25.0 S0 RMS Roughness = 2.25 nm
20.0 It seems to be present some
6.0 raw textures (probably due to
15.0 the polishing)
4.0
10.0
50 2.0
0.0 0.0
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Structural characterizations

Sample: Al,O; substrate 1”7 + IBS — SiC coating 104.3 nm ALO,

XRR analysis
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GI-XRD analysis

— w=1"
— w=2°
— w=3°

» No evidence of crystalline phases
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Structural characterizations

Sample: SiO, substrate 2” + MS — SiC coating 423.1 nm (on one side)

SIiC
XRR analysis GI-XRD analysis
; » No evidence of SiC crystalline phase
10 ' > ' ' § » Background structure due to underlying SiO, substrate
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Composition characterization (NN

Istituto Nazionale di Fisica Nucleare
Laboratori Nazionali di Legnaro

RBS analysis IBS — SiC RBS analysis MS - SiC
As-deposited IBS samples are close to the stoichiometric MS deposited samples are weak in Si (Si/C = 0.74). By adding some Si
composition. pieces on the target the composition can be tuned.
Energy (MeV) 300
i 0.4 0.4 0.8 1.0 12
e a | | ' ol Si/IC=1.05-1.10  °
[ 4— sample C21017 : \ ¢
20 [ W SIIC ~1 i 1%‘ !
[ ﬂ‘u‘ 200 | [
Sl : 3™
s — by
"5‘ [ \ﬂ-\ 5 150 'Nh ‘ |
= | 1 Pty & II ' |
=] 10 - [ ] \
5 H*w 100 | | | L
= | C | |
g [ ; | | |
[ 50 |I [*l I| ]
[ \ / \ \
U [ T T T T i | J ! T i 1 T v v i Ill\‘l- 0 L N 1W|W-#Wur_\uuﬂ_w.___~,le \\\‘; MaprarEA
104 200 300 400 v 200 400 600 800 1000 1200 1400
Channel Energy (keV)
19/05/2021 GWADW?2021 - Properties of amorphous SiC (Diana Lumaca) -

VIR-0513A-21 8



Optical characterizations

Sample: Al,O, substrate t =5 mm + IBS — SiC coating 101.59 nm Si/C=1
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Transmission

Refractive index of sample SiC/AI203
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Transmission measurement of sample LMA3 SiC/AI203
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SE fit results
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First estimation of the
absorption: it is way
too high

ktarget ~107°
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Transmission

Optical characterizations

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

Transmission measurement of samples SIC/SI02 PD1 and PD2

Universita di Roma

roughness

SiC

~ 0,02

The annealing reduces
the absorption of about
5 times

The absorption is still
way too high
ktarget ~107°

The stoichiometry does
not seem to modify
significantly the optical
properties: further
investigation ongoing!
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Mechanical characterizations &&W@f;}

rouahness

Resonant ring-down method and Gentle Nodal Suspension Sfe\mple: SiC
Vibrating body (disc-shaped sample, properly suspended) damping S'Oz substrate t =0.5 mm
characteristic time of free oscillation: 4 IBS — SiC coating 2x 220 nm SiC

x 10
1 : :
o= — ¢ 16 asDep
nfT ¢ 17 asDep
Coating loss angle detection: i |
~ Psub +(D—1) Qsup mo (fo\?
Oroar = — teoat 5 U where: D =1 — 70(70) 9.4D 7
M Granata et al 2020 Class. Quantum Grav. 37 095004 8

Procedure: o o

* fand f, measured £ ¢

* mand my measured S ¢ 3

* Psub and Psub+coat O 85r il E .

@ 4 0]
— _ -4
z gcﬁ“é;‘l [-I'-7,ISGP 10,0] x 10 8| Unexpected behaviour in 9 O D -
> B 0 21—+ 0 0a1 frequency: may be related Q)
v=N - to deposition technique?
7.5 — ‘ ‘ ‘ — ] : ‘ ]

» Openissue: density p = 2,25 + 0,8 g/cm3 10*

Measured thanks to SE measurements of thickness =220 £ 5 nm Frequency [Hz]
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https://iopscience.iop.org/article/10.1088/1361-6382/ab77e9
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Mechanical characterizations

rouahness

Sample: SiC

SiO, substrate t = 0.35 mm

MS — SiC coating 431 + 422 nm SiC

roughness

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

1 11 % 107 Coating loss angle summary plot
T T T T T T T
¢ = nft
. ) 10
Coating loss angle detection: [ -
® ~ Psub+coat+(D—1) Qsyp where: D =1 — mo (&)2 or - -
coat = D : m \f [ -
M Granata et al 2020 Class. Quantum Grav. 37 095004 8 K - -~ i
Procedure: o | =
* fand f, measured g s
* mand mg calculated (thanks to SE measurement of the 8 ¢ -7
. . . = 7r _- .
coating thicknesses and XRR measurement of density) : - General model Power1:
L e fix) = a*x?
* gosu,b and <p5ub+coat L~ = Coefficients (with 95% confidence bounds):
i a= 0.0002507 (0.000175, 0.0003263) |1
6 T b= 0.1354 (0.1032, 0.1676) .
= — -4 Butterfly modes Goodness of fit:
¥ QPcoat = [_5 11] x10 _ . SSE: 1.78e-08
» Y and v still to be evaluated $  Mixed modes (1° family) R-square: 0.9052
Adjusted R-square: 0.8966
$ Mixed modes (2° family) RMSE: 4.023e-05
5 | i ) n n n n T
102 10*
frequency (Hz)
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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).

Rate 104 K/ns

CF: 50-80%

VIR-0379A-21

Rate 10° K/ns

CF <5%

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

Simulated amorphous-SiC: 0.1

Density p = 2.98 g/cm3 i\
Young modulus E = 150 + 10 Gpa

Poisson’s ratio v =0.29 + 0.01
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» Density in good agreement with observed experimental values
» Poor agreement for mechanical properties
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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 ~107° desired value]: k ~ 2 X 10~2 (after annealing)
* IBS and MS SiC loss angle values in agreement: ¢ ~ [5 — 11] x 10™%

* 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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Coating cholce for 05: Summay ®15m
Coating cholce for 05: Discussion ®30m
Metrology open Issues In GeNS measurements ®15m

The Gentle Nodal Suspension (GeNS) has become the mast commaon technigue for measuring coating mechanical dissipation, showing an unprecedented
result repeatability on disk shaped substrates. GeMNS gives the possibilities to perform measurement so accurate that it is possible to follow even tiny
changes in the sample mechanical behavior. The high level of sensitivity makes some new systematic effect to be relevant, posing metrological issues
which are currently unsolved.

Sample curvature changes caused by non symmetrical coatings and post-deposition thermal treatments, and changes of few degrees in sample
temperature, produce mode frequency shifts which overlap to the ones given by the coating itself. This overlapping spoils the accuracy of dilution factor
measurement and elastic parameters estimation.

Dissipation of silicon and sapphire substrates, commonly used in cryogenics measurements, are dominated for most of the temperature span by
thermoelastic damping. Changing in the thermoelastic dissipation is shown to be induced by coating deposition. Since coating loss angle is measured by
difference, this effect gives a systematic error in assuming bare substrate not altered by deposition. Lastly both the thermoelastic damping shift, as well
as the dishomogeneity of the coating at the sample edge, can give systematics in trying to disentangle different bulk and shear loss angles. A description
of these open issues will be given and a path for solutions will be presented.

Speaker: Francesco Piergiovanni (1stwio

azlonale di Fisica Mucle

Propertles of amorphous SIC films @im | 2~

The observational horizon of interferometric gravitational wave (GW) detectors is limited by thermal noise in the coating at midsange frequency, where
first GW signals have been detected and many others are expected. The main responsible are the intrinsic dissipations, intimately linked to the inelastic
behaviour of the amorphous coating materials. This behaviour is generally explained by the presence of a number of metastable atomic configurations of
the amorphous matrix which can switch between two different states by thermally activated processes. Any two of these states that are separated by an
energy barrier is called a two level system (TLS). In order to reduce the dissipation of ameorphous materials two basic ideas can be pursued: a reduction of
the total number density of TLS or an optimal distribution of TLS. Depositing amorphous film of materials whose coordination number is superior to three
should lead to a low number of TLS.

Among the candidate high coordination number glasses, we investigated amorphous SiC, interesting for advanced applications and still lacking a deep
study. Here are presented structural, chemical, optical and mechanical characterizations of a-SiC films, deposited by lon Beam Sputtering and Magnetron
Sputtering technigues. Furthermore, molecular dynamic simulations to evaluate elastic properties in a wide energetic range are shown.

Speaker: Diana Lumaca (un & 0l Roma Tor Verga

& dl Roma Tor Vergata & INFN 5

n

Optical and mechanical characterization of lon-beam-sputtered MgF2 and AIF3 thin films ®5m

GW detector highly reflective coatings are obtained by altemate layers of material with different refractive indexes. Brownian thermal noise associated
with the coating stack, limits the mid-frequency region of the GW detector designed sensitivity. Thermal noise reduction can be achieved minimizing the
overall thickness of the stack, increasing the refractive index contrast . Fluoride’s coatings, largely used in UV application, show the lowest measured
values of refractive index, and they can be interesting for future GW detectors as low index material. The first optical and mechanical characterization of
ion-beam-sputtered MgF2 and AIF3 thin films has been performed, starting the investigation on the possible utilization of fluorides in future GW detectors.
Methods and results will be described, effects of post deposition thermal treatments will be presented.

Speaker: Matteo Bischi (st

Nazicnale dl Fisica Nu
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