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Reducing coating thermal noise
through atomic structure investigations
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Reduce coating Brownian thermal noise
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'Introduction

aLIGO mirrors are dielectric stacks of ion beam sputtered (IBS) silica anad
titania doped tantala

» Thermal noise related to mechanical loss through:
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= Tantalais the highest source of g *mer - L
mechanical loss . 1
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» Reduced by 40% through titania doping Ti cation concentration (%)

|G M Harry et al, Class. Quant. Grav. 24 405, 2007]

= Changesin mechanical loss are the result of changes in atomic structure
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Research Approach

lower
coating series mechanical loss
coatings

measure correlate structure design optimum

atomic structure to mechanical loss coating material

understana
structural modeling mechanical loss
mechanisms

R. Bassiri et.al, Appl. Phys. Lett. 98, 031904 (2011)
R Bassiri et al, Acta Mat. 61, 1070-1077 (2013)
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Atomic structure

= Main experimental tools for measuring the atomic structure:
= Pair Distribution Function (PDF), G(r), electron or X-ray diffraction
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Atomic structure
» Titania doped tantala
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[P. Murray et al, Glasgow]

» Increasing Ti-doping suppresses the low temperature l0ss peak
= 75% Ti-doping shows large reduction of loss

= Large differences in structure occur above 2 A
= Metal-metal and metal-oxygen distance suppression with higher doping
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Atomic structure
= Heat-treated tantala
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» Heat-treatment reSUItS N IOVV temperature IOSS pea kS [I W Martin et al, Class. Quant. Grav. 27 225020, 2010]

« Main differences in structure occur above 2 A

. Firs

e X-ray PDF measurements show changes in structure in short and medium range
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Atomic structure

= Mechanical loss mechanism

= Double-well potential
= Activation energy gives a range of possible movements
= (Changes with heat-treatment and doping

= Bad actors acting as loss centers
= Nano-crystalline structures in the medium range
= Defects over a longer range

» Ordering of metal-metal and > 2 A metal-oxygen distances
may be key to identitying further correlations with loss

» What can change/improve IBS coatings?

» Heat-treatment, doping

= Oxygen partial pressure

= Heat-treatment environments
= Multi component systems
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Future work

= Continuing atomic structure investigations

= Atomic modeling based on X-ray, TEM data
» Focus on mechanical loss correlations

= Depth dependent measurements

= Deptr
= Incluc

coatir

deper

e stua

ies of silica - understand silica

dent structure on coatings

Loss

o vs. surface vs. bulk

= Development of materials-by-design

approach
= Model effect of different dopants on structure,

correlate with loss based on Ti-doping model
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Conclusions

» Targeted approach: coating atomic structure vs. mechanical l0ss

» Tantala coating atomic structure

= Both heat-treatment and Ti-doping show larger differences in the atomic structure
beyond the first nearest neighbor
» Possible further correlation to mechanical loss

= Results will target studies to probe mechanical loss mechanisms

= Atomic structure investigations provide:

= Capability for materials-by-design approach

= Key route to understanding and mitigating mechanical loss,
to lower coating thermal noise

AT T

/M\\ . .
(2)) Stanford University GWADW 2014 - Takayama, Japan 10



Collaborators and funding

e
%%%%%%

Stanford | Byer, M. M. Fejer, N. Kim, B. Lantz, A. C. Lin, R. K. Route, J. F. Stebbins

:_;! A 7 ) Mehta, B.Shyam

CalteCh M. R. Abernathy, E. K. Gustafson

g}?}lﬁigé% K. Craig, M. Hart, J. Hough, I. MacLaren, I. W. Martin P. Murray, S. Rowan

SOUT%EKN/ S. C. McGuire

UNIVERSITY

9O .
HOBART AND WILLIAM SMITH U renn
COLLEGES

Funding from National Science Foundation - PHYS 1068596

GWADW 2014 - Takayama, Japan

11



} 24 ad
4-.«1& i
. ST

LVC Meeting e
Stanford B X

4
A
.

3 iy 5
E ot } : ; T, o .
- : : — g . o .
g ' ; o e
:. o';_\ ,:'.. % ; ] . 2
..kg‘_..? : tf‘ A s
= T ? . ;
: - | S e tads - 3 R e @y M
’ ' Y7 Rl = sy S 5 - i 7 |
, T, TR o ;
il il Hml'" Iil i il I ‘Q‘
. N !
i A AT ik e e
N R | 7 X T e e '
: ‘~';;';;“,;: f ‘ ’ { " l ] ‘#‘ i 2 T '-.' ]
7 — I il R | IF
f s P, 324 :
i i} % . ,
. mmw ;
; : HNUIBH i .
il AN EEN lll ER
2 :,1 /j.;.:' LA SR IO T I'??rJ
L NI anaials A o e\ G] et T S
7 /'52;‘;7 5 //,ia 7 5 ”4:;:3;.,,_. ,4 A
‘ =% 4 + peecii. )
! - -]é - J, T
N £ (e 1Y - BRI % e g gl g
. > N A g . ) «1 B it L s
¢ ™ e ¥ e - | = > 1 : .
e ~ e e R b g e N STAS
¢ - —— — #
= : o " 4
s - o .‘ : - . v :
% P : ;':-4‘,- 4:\ : ; - - o
Coatings Workshop o NEREEES
3 -“ ! ot o [\ i S 2 - ”:3 -\
\ :- ‘ ’ R :"(\\-;_; R @
Ul 748 b Fr ay, AUEUS e e




