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Scientific Case

Power spectrum of mirror thermal noise:

Noise Spectrum of Virgo GW interferometer i

Advanced Virgo Noise Budget
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Scientific Case

Noise Spectrum of Virgo GW interferometer

Advanced Virgo Noise Budget
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Power spectrum of mirror thermal noise:
Temperature
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Scientific Case

Cryo-friendly coating
! materials exist..
'l Ti-doped Tantala i w—
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Scientific Case
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Cryo-friendly coating
materials exist..
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Background of UniSa/UniSannio group

Design, production & characterization of innovative optical coatings

Modified Bragg Reflector

UniSa/UniSannio
group research line

Condition of highest Reflectivity Optimized design with minimum thermal

o noise [PRD 81 (2010) 122001]

Replace homogeneous layers with
stratified nano-composites



Background of UniSa/UniSannio group
Nanolayered

Composites

N nano-doublets

!—A—I
. _ . Equivalent TiO,/SiO, subwavelength doublet
based, QWL thick composites with n, f=2.09

8u &y R
N T ) N i) |TLTTL 4 Sills [TI.'T.*'I..]

. i : : 78.055¢ 49.2168 14 5.57542 3.51549
determines uniquely the thickness ratio of 5 300279 9246084 15 5.20373 398112
the low / high index materials 3 26.0186 16.4056 16 4.87849 3.07605

5 " 19.514 12.3042 17 4.59152 2.89511
8,  (nu” — gy 5 15.6112 0.84337 18 4.33644 2.73427
N — M2 13.0093 8.20281 19 4.1082 2.59036
eff L e e e e T e —
11.1508 7.03098 20 3.90279 2.46084
8 9.75699 6.1521 21 3.71695 2.34366
i : : 9  B.67288 5.46854 22 3.548 2.23713
Prescrlbn.'ng the c.>pt|c.ja\l thickness z of the 10 780550  4.92168 93 339373 213986
nanolaminate (in units of Ay/n.sr) and a 11 7.09599 4.47426 24 3.25233 2.0507

L)

fiducial minimum thickness of the nanolayers 12 6.50466 4.1014 25 3.12224 1.96867
s 2 . ¢ > A~ QTR _—
yields all feasible (N,&y,8;) designs, from 13 6.0043 378591

N8y + 6;) = zloneff‘l Many equivalent designs, with different N,§,,6y

a_




Background of UniSa/UniSannio group

& o nullyras e comniamen|

Main Advantage: Nano-layering inhibits crystallization upon annealing!

Thickness-dependent crystallization on thermal
anneal for titania/silica nm-layer composites
deposited by ion beam sputter method

Hunng:Wei Pan. Shun-Jin Wang," Ling-Chi Kuo,' Shiuh Clhiao.!” Maria Principe,
Innocenzo M. Pinto,™ and Riccardo DeS 3
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TiO, does not crystallize upon annealing up to 300°C when stack Ti0, doe§ }?Ot_ Cry.stallizle.ilpon annealing up to 700 ;(i when stack
with Si0,, in multilayers structure (10 nm each layer). with Si0,, in multilayers structure (3 nm each layer).



Background of UniSa/UniSannio group

Main Advantage: ...thus resulting into lower losses even at cryo-T!

Intensity(counts)
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Background of UniSa/UniSannio group

Main Advantage of nano-layering strategy:

Higher crystallization temperature.

‘ guaranteeing

B Single Si0> as-deposited (thick)
] 75-Ia_§er as-deposited

O 75-layer anneal 600°C

B Single TiO, as-deposited (thick)

Higher temperature of post-deposition annealing. % -0
l 8 15

leading to §
é 1.0

1. Reduction of optical absorption S
and/or mechanical losses; 8 0.5
2. Smoother surfaces and interfaces. 0.0

3.Material stress and strain release. 0 20 40 60 80 100 120

Temperature (K)




Optical Coatings — Deposition Facility




Optical Coatings — Deposition Facility
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Optical Coatings — Deposition Facility
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Scanning Electron Microscopes
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X-Ray Diffractometers
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Scanning Probe Microscopes




Gas Feedthrough

<+ === Heater Controller

Recent addition: Annealing Facility

Adjustable annealing temperature from room
temperature up to 900°C;

PID Feedback controlled power supply heater - with
stability of 0.05°C;

Adjustable annealing pressure from room pressure
down to 3x10-* mBar;

Controllable annealing atmosphere.
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Collaborations

1506
i 7 | A\ & TGN < UNIVERSITA
Universita di Roma M ) 4 JYU-E) DEGLI STUDI
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.for optical characterization and mechanical loss measurements.
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Results and Future Plans

Oct.-Nov.-Dic. || Jen.-Feb.-Mar. | Apr.-May-June | July-Aug.-Sept. | Oct.-Nov.-Dic. [| Jen.-Feb.-Mar. | Apr.-May-June | July-Aug.-Sept. | Oct.-Nov.-Dic.
18 2018 2019 2019 20

2017 2018 2013 AN '_| 2019
Setting-up of the coater / ‘ rodu
P
Production of test samples: roducggﬁi?at“ 1;22/ 7 Si ’/4 Z’ /
Si0, and Si0,/TiO, multilayers y
Characterization of test sample Characterization of TiO,/Zr0O,

to feedback production activity before heat treatment



Preliminary Tests

Oct.-Nov.-Dic. || Jen.-Feb.-Mar.
2017 2013

Setting-up of the coater
Production of test samples:
Si0, and Si0,/Ti0, multilayers




Preliminary Tests

Oct.-Nov.-Dic. || Jen.-Feb.-Mar. | Apr.-May-June | July-Aug.-Sept. | Oct.-Nov.-Dic. || Jen.-Feb.-Mar. | Apr.-May-June | July-Aug.-Sept. | Oct.-Nov.-Dic.
2017 2018 2018 2018 2018 2019 2019 2019 2019
I Spea 2 75 4 nm
‘I 1.2/ W : 2
AFM Topography.
Ny RMS roughness is 0.6nm

Profile (um)

Height (nm)

10

15
Profile (um)

Deposition Uniformity Evaluation.




Preliminary Results: Fabrication

Deposition of 200-nm single materials

TiO, and HfO, do not show cryo-peak
in mechanical losses BUT crystalize

RN o upon annealing at low temperature
S10, Yes 200 - 5“=‘:‘-:'m.zs;z’f"':” R | (200-300°C) with consequent blow-

Hafnia Tt up of optical properties!
TiO, Yes 200
7r0, Yes 200 :
é‘.:“
p :
HfO, Yes 200 z $
: :

100 200 300 400 500 600
Max Annealing Temperature °C

150

Temperature (K)



Preliminary Results: Fabrication

Deposition of multilayers

TiO, and HfO, do not show cryo-peak
in mechanical losses BUT crystalize
upon annealing at low temperature

TiO,/ZrO, Yes 8 25.6 205 (200-300°C) with consequent blow-
up of optical properties!

Ti0,/Zr0, Yes 16 12.6 202
Ti0,/Zr0, Yes 32 6.4 205 "
Ti0,/Zr0, Yes 64 3.2 205 3
$
TiO,/Zr0,, VES 122 1.6 195 £
Ti0,/Zr0, Yes 128 1.6 205 | W 0 % w0 s e

Max Annealing Temperature °C






Preliminary Results - Characterization
L0 -¢

. ‘ : -‘- L o

Before Annealing - as deposited:

We measured the AFM topography to qualify the iy
morphology and quantify surface roughness and ‘. - - ~Nonlinear curve fit P-V
uniformity of top-most TiO, surface : = SIS SRS

N
V

We found a reduction of surface roughness as the layer
thickness decreases (increased segmentation);
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Preliminary Results - Characterization

—8 layers

— 128 layers

Before Annealing - as deposited:

We measured the AFM topography to qualify the
morphology and quantify surface roughness and
uniformity of top-most TiO, surface

Intensity (a.u.)

We found a reduction of surface roughness as the layer 1000000
thickness decreases (increased segmentation);

Zr0,/T10, experiment

128 lavers —— simulaftion

100000

3
s
=
77}
3
E

We performed X-Ray diffraction and checked the
amorphic nature of our samples;

We performed SAXS on multilayered samples and
confirmed the presence of segmentation;



Preliminary Results - Characterization

Friction Force Microscopy

G
Ultrasomc Force Mlcroscopy

Colour contrast is representative of
different friction coefficient.

T]O 5, /Zr0,

TiO, surface
8-layer

Substrate

Q 41, um Colour contrast is representative of

different stiffness.

5m
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Ti0, - 200nm - single material

Preliminary Results - Characterization

After Annealing (12 hours - 10* mBar):
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Granular morphology is preserved after heat treatment.
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Annealing Temperature (C)

A decreasing trend of surface roughness is observed.




Ti0, - 200nm - single material

Preliminary Results - Characterization

After Annealing (12 hours - 10* mBar):

) ¥ . _ as deposited S0 ke
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Granular morphology is preserved after heat treatment.
| | 40 50
A decreasing trend of surface roughness is observed. 20 (degrees)

XRD demonstrate that T-crystallization is higher than
300C, given the used annealing conditions.



TiO,/ ZrO, multilayers

Preliminary Results - Characterization

(X1 Ix
WORK

{N PROGRESS

Annealing at higher temperatures, AFM and XRD

W analyses on annealed TiO,/Zr0O, are on-going!
vz Zx . 7
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TiO,/Zr0O,- as grown TiO,/Zr0,- annealed @ 150°C TiO,/Zr0,- annealed @ 250°C
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Results and Future Plans

Oct.-Nov.-Dic. || Jen.-Feb.-Mar. | Apr.-May-June | July-Aug.-Sept. | Oct.-Nov.-Dic. [| Jen.-Feb.-Mar. | Apr.-May-June | July-Aug.-Sept. | Oct.-Nov.-Dic.
18 2018 2019 2019 20

2017 2018 2013 AN '_| 2019
Setting-up of the coater / ‘ rodu
P
Production of test samples: roducggﬁi?at“ 1;22/ 7 Si ’/4 Z’ /
Si0, and Si0,/TiO, multilayers y
Characterization of test sample Characterization of TiO,/Zr0O,

to feedback production activity before heat treatment
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