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Motivations of the studyMotivations of the study

 Coating optical absorptionCoating optical absorption


 

Thermal lensing


 

limits the power injected in the cavity
Limits the reduction of the Shot noise at high frequency



 

Mechanical losses from dielectric mirror coatings are a significMechanical losses from dielectric mirror coatings are a significant source of thermal noise in the ant source of thermal noise in the 

more crucial frequency range (~ 100 Hz)more crucial frequency range (~ 100 Hz)

Limit the design sensitivity for advanced detectors

G0900651-v1
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 TaTa22 OO55 is the dominant source of dissipation in current SiOis the dominant source of dissipation in current SiO2 2 //

 

TaTa22 OO55 coatingscoatings

Ratio Ratio ~ ~ 6 6 betweenbetween

 

silicasilica

 

and and tantalatantala

Goal Goal ::

 

ImproveImprove

 

the the mechanicalmechanical

 

qualityquality

 

factor of factor of the high index materialthe high index material

ΦΦSiO2SiO2 ~~

 

0.5 100.5 10--4    4    

ΦΦTa2O5Ta2O5 ~~

 

3 103 10--44

MechanicalMechanical losseslosses

 The stress of the coating must be controlledThe stress of the coating must be controlled

Deformation of the surfaceDeformation of the surface

Adherence of the coatingAdherence of the coating

Formation of defects (bubbles)Formation of defects (bubbles)

typical

 

stress values : --300 300 MPaMPa

 

TaTa22

 

OO55

 

and 200 and 200 MPaMPa

 

for SiOfor SiO22

G0900651-v1
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LMA IBSLMA IBS (Ion (Ion BeamBeam SputteringSputtering) ) depositiondeposition FacilitiesFacilities

•

 

Large IBS coater

 

: GC


 

2,2 m X 2,2 m X 2,0 m inner

 

deposition

 

chamber


 

Designed

 

to coat

 

substrates

 

up to 1 meter

 

diameter


 

Used

 

for VIRGO large mirrors

 

since

 

2001


 

Periodic

 

quarter wave

 

doublet stacks

 

(Ta2

 

O5

 

and SiO2

 

)


 

Between

 

130 and 180 nm layer thickness

•

 

Small IBS coater

 

: DIBS


 

Able to coat

 

homogeneously

 

up to 3“

 

substrates


 

Continual upgrades since 1990 : now equipped with 
an RF ion source (filament ion source before) like in 
the large coater



 

Very flexible machine  ideal for prototyping

350 mm diameter VIRGO mirrors

Large IBS Coater

Small IBS coater

IBS technique is

 

the deposition

 

process

 

to obtain

 

optical

 

stacks

 

with

 

the lower

 

optical

 
losses

 

on large surface

G0900651-v1

Presenter
Presentation Notes
Very flexible : secondary ion source, assistance source to compact the atom during the deposition process with less energy than the main ion source 
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•• 2 Absorption measurement benches at LMA
Optical Optical losseslosses measurementmeasurement benchbench

4 quadrants 
detector

Pump beam

Lens
Sample

Local heating 
T

Probe 
beam



PhotoThermal detection bench

Bulk absorption resolution : 0.01 ppm/cm 
Surface absorption resolution (coatings) : 0.02 ppm

O
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LMA Q LMA Q measurementmeasurement benchbench
Collaboration Collaboration withwith

 

INFN (PERUGIA)INFN (PERUGIA)

Goal:Goal: Have aHave a

 

quickquick

 

andand

 

lowlow

 

costcost

 

measurementmeasurement

 

for the LMA for the LMA coatingscoatings

•• MeasurementMeasurement

 

atat

 

lowlow

 

frequencyfrequency

 

(60 Hz (60 Hz ––

 

1000 Hz)1000 Hz)

45 mm

5 mm110 µm

• Cantilever : Silica

 

SUPRASIL 311 from

 

HERAEUS 

G0900651-v1
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LMA Q LMA Q measurementmeasurement benchbench
 Polishing

 

+ working

 

on the vice      


 

minimize

 

clamping

 

losses

MeasuredMeasured

 

SuprasilSuprasil

 

membrane membrane losseslosses

 

: : 

 

= 4.10-6

Determines minimum measurable losses 

Remove

 

the polishing

 

impurities

 Cleaning

 

of the cantilever

 Long annealing

 

of the cantilever

Cure some

 

cracks of the sub-surface

Improvement of 25 % of the Q factor

G0900651-v1
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SamplesSamples
Collaboration Collaboration withwith

 

IGR (IGR (UniversityUniversity

 

of Glasgowof Glasgow))
LMA membranes, COLMA membranes, CO22 laser laser weldedwelded

 

in Glasgowin Glasgow

Goal :Goal :

 

MinimizeMinimize

 

the the clampingclamping

 

losseslosses

Coating

 

on 
the upper

 
side

Free vibration length : 45 mm -

 

Thickness membrane : 104 µm

suspicious white marks near the welding point : (silica vapor) ?

Naked silica membranes mechanical losses

Not welded welded

4.10-6 < 3.10-6

G0900651-v1
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-

New New highhigh opticaloptical index index coatingcoating materialsmaterials : : ZrOZrO22 (DIBS) & (DIBS) & NbNb22 OO55 (DIBS)(DIBS)

Easy to synthetize by IBS

High index : > 2.1

Promising mechanical losses : Ø ~ 2.3.10-4

Coating

 

* Optical index Absorption (ppm) Losses Stress (Mpa)

ZrO2 2.1 11 2.3.10-4 ~ -

 

1780

ZrO2 : Ti 2.15 37 6.8.10-4 ~ -

 

180

ZrO2 : W 2.12 10 2.8.10-4 ~ -

 

600

* Monolayer thickness : 500 nm

Very stressed material > 1-2  GPa

High absorption : ~ few tens of ppm

Coating Optical index Scattering

 

(ppm)** Absorption *(ppm) Losses*

Nb2

 

O5 2.21 10 2.25 4,6.10-4
NbNb22 OO55 (DIBS)(DIBS)

ZrOZrO22 (DIBS)(DIBS)

* Monolayer thickness : 820 nm

 

& ** L(HL)15

 

HH L

 

@ 1064 nm

+

 Absorption on complete mirror

 

L(HL)15 HH L

 

: 2,25 ppm

ZrO2 study  No relation : Stress – Mechanical Losses

G0900651-v1
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Coating

 

* Optical index Absorption (ppm) Losses Stress (Mpa)

Ta2

 

O5 2.035 1.22 3.10-4 ~ -

 

225

Ta2

 

O5

 

: Co 2.11 5 000 ! 11.10-4 NA

Ta2

 

O5

 

: W ~ 2.07 2.45 7.5.10-4 NA

Ta2

 

O5

 

: W+Ti ** 2.05<n<2.1 1.65 3.28.10-4 NA

Ta2

 

O5

 

: Ti 2.07 1.7 2.4.10-4 NA

* Monolayer thickness : 500 nm

** Absorption too high for a complete mirror (>80ppm)

 Doping increases

 

index contrast

 

between

 

high

 

and low

 

index materials



 

may

 

lower

 

the coating

 

brownian

 

noise

 It is

 

not easy

 

to lower

 

the mechanical

 

loss

 

without

 

increasing

 

the absorption

New New highhigh opticaloptical index index coatingcoating materialsmaterials : : doped:Tadoped:Ta22 OO55 (DIBS)(DIBS)

The best doping for Tantala coating is the Titanium

G0900651-v1
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New New highhigh opticaloptical index index coatingcoating materialsmaterials : : Ti:TaTi:Ta22 OO55 (DIBS)(DIBS)
Sligth increase optical index versus % Ti

Sligth decrease of the absorption versus % Ti
Absorption versus %Ti
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Ti : TaTi : Ta22 OO55 (Large (Large CoaterCoater))

ΦΦ

 

Ta2O5Ta2O5 ==

 

2.4 102.4 10--44

TaTa22 OO55

ΦΦ

 

Ta2O5Ta2O5 = 3 103 10--44

OptimizationOptimization

 

of of processprocess

 

parametersparameters + + ~ ~ 26 %26 %

+ + ~~

 

22 %22 %

ΦΦ
 

~~
 

1.9 101.9 10--44

Ti Ti dopingdoping

Refractive index ~

 

2.065
Monolayer absorption : 1,5 ppm
Mechanical losses : 1,9.10-4

Monolayer (500 nm) @ 1064 nm Complete mirror (HL)19 HLL @ 1064 nm
Optical properties unchanged compare to pure Tantala

 

mirror

Absorption : 0.5 ppm

Diffusion < 5 ppm

G0900651-v1
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RBS (Rutherford RBS (Rutherford BackscatteringBackscattering SpectroscopySpectroscopy) ) analysisanalysis on on TantalaTantala coatingscoatings
Principle of the méthod : RBS is

 

used

 

to determine

 

the structure and composition of 
materials

 

by measuring

 

the backscattering

 

of a beam

 

of 
high

 

energy

 

ions impinging

 

on a sample

k =
m1

 

cosθ+(M2
2-m1

2sin2θ)1/2

m1+M2

Back-Scattered ion energy : E=k2E0

m1

 

: Mass of the incident particle

M2

 

: Mass of the target

 

atom

θ

 

: detection

 

angle

Method performances : the analysis

 

is

 

more sensitive 
when

 

you

 

analyse a heavier

 

material

 

into

 

a lighter

 

matrix

E0

 

: Incident particles

 

Energy

k : Kinematic

 

factor

Incident ions beam

 

He4+

 

Energy

 

2.5 MeV

Interesting data :  quantify the element concentration

 gives the density of the layer
G0900651-v1
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lam 153-4H-nvelles c ibles
S im ulated
O  
S i
A r
Ta

Channel
1 8001 6001 4001 2001 0008006004002000

C
ou

nt
s
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2 400

2 200

2 000

1 800
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1 400

1 200

1 000

800

600

400

200

0

500 1000 1500 2000 2500 3000 3500

 Energy [keV]  
RBS RBS analysisanalysis on on TantalaTantala coatingscoatings : Pure Ta: Pure Ta22 OO55

Ar

• Stoechiometry respected
• Presence of Ar (Gas used in the ion source)
• Density can be increased

GC DIBS

% Ar

 

: 4 % % Ar

 

: 2,8

Density : 
6,8

Density

 

: 
7,1



 

: 3.10-4 

 

: 3,7.10-4

Tantalum 
peak

G0900651-v1
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-500

0

500

1000

1500

2000

0 500 1000 1500 2000 2500

non annealed
under vacuum annealing
atmospheric annealing

AnnealingAnnealing studystudy : first tests on pure Ta : first tests on pure Ta coatingcoating
Annealing test under vacuum on membrane and 1" silica substrate

RBS 
Spectra

Preliminary results on vacuum annealing :

 No composition differencies ( % Ar, Density )

 increased mechanical losses : 4,3.10-4 compared to 3.10-4 (air annealing)

 optical losses : absorption some tens of ppm

Oxydation during air annealing  interest in controlled atmosphere annealing
G0900651-v1
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RBS RBS analysisanalysis on on TantalaTantala coatingscoatings Ti:TaTi:Ta22 OO55 (Large (Large CoaterCoater))

lam 114-4HdopéTi-3c ry o
S im ulated
O  
S i
A r
Ti
Ta

C hanne l
2 0001 8001 6001 4001 2001 0008006004002000

C
ou

nt
s

2 500
2 400
2 300
2 200
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1 900
1 800
1 700
1 600
1 500
1 400
1 300
1 200
1 100
1 000

900
800
700
600
500
400
300
200
100

0

500 1000 1500 2000 2500 3000 3500

 E nergy [keV]  

Ar

Ti

Ti doped Tantala

Ratio Ta/Ti ~ 3

Ti doped Tantala

Density = 6,40

N = 2.065



 

= 2.10-4

Ti

Ar

Ratio Ta/Ti : 1,25

Fo
rm

ul
a 

4
Fo

rm
ul

a 
5

Density = 5,50

N = 2.18



 

= 2,2.10-4

G0900651-v1
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TransmittanceTransmittance, index & , index & coatingcoating brownianbrownian noisenoise
Reference coating: quarter wavelength mirror (HL)19 HLL

H: TaH: Ta

 

22 OO

 

5          5          nn

 

HH

 

~ 2.035 ~ 2.035 ––

 

i.3.10i.3.10--88

 

@ 1064 nm & @ 1064 nm & 

 

~ 2.10~ 2.10--4 4 @ 60 Hz@ 60 Hz

L: SiOL: SiO

 

2              2              nn

 

LL

 

~ 1.472 ~ 1.472 ––

 

i 4.10i 4.10--88

 

@ 1064 nm & @ 1064 nm & 

 

~ 5.10~ 5.10--5 5 @ 60 Hz@ 60 Hz

Reference coating losses : 8.39.10-9

NH

 

=2.035 NH

 

=2.06 NH

 

= 2.10 NH

 

=2.14 NH

 

=2.18

Stack 
(Number 
of 
doublets)

19 19 18 18 17 17 16 16

Transmitt

 
ance

6.33 ppm 3.88 
ppm

7.60 
ppm

3.7 
ppm

7.45 
ppm

3.78 
ppm

8 
ppm

4.25 
ppm

coating/

 
ref

1 0.99 0.94 0.93 0.88 0.87 0.82 0.81

H so 
coating/

 
ref

 

= 1

2,00
.10-4

2,02
.10-4

2,16
.10-4

2,20
.10-4

2,35
.10-4

2,40
.10-4

2,56
.10-4

2,61
.10-4

The best material is a compromise between 
Index, mechanical losses, optical losses

G0900651-v1
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OptimizedOptimized coatingscoatings
ModifyModify the the physicalphysical stackstack withoutwithout changingchanging the the 

opticaloptical responseresponse

Mirror transmission : 278 ppm
H:Ta205 (n : 2.035-i.3.10-8, 

 

: 3.10-4)
L:SiO2 (n:1.465-i.4.10-8, 

 

: 5.10-5)
QWL mirror Lowest

 

noise end tweaked

 

stacked

 

doublet 
(PINTO-University

 

of Sannio)

(HL)13

 

HLL 0.56H(1.38 L0.62H)16 0.16L
Ta2

 

O5

 

thickness

 

: 1830 nm
SiO2

 

thickness

 

: 2722 nm
Ta2

 

O5

 

thickness

 

: 1347 nm
SiO2

 

thickness

 

: 4032 nm
Relative PSD (Power Spectral Density) : 1 Relative PSD : 0.83

n.d=λ/4

Substrate

n.d≠λ/4LH

Substrate

H L

G0900651-v1
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OptimizedOptimized coatingscoatings


 

Optimized stacks has been coated on 4 inches silica substrates for the TNI* 

(Thermal Noise Interferometer)project (E. BLACK – LIGO) with good results

0.86) , (0.83

0.85



 QWL
c

opt
c

qwl

opt

PSD
PSD

In very good agreement with
expected theory (See Akira’s talk)

 Unsuccessfull attempt to coat an optimized stack on thin silica membranes
 Exploded Ar bubbles (surface scratches, cleaning …)

 Tests of new polished silica Suprasil 311 membranes :

Roughness: <1 Å

 

RMS (Gooch

 

& Housego

 

)

Next step : coat optimized stack with Ti : Ta2 O5

Courtesy E.BLACK & A. VILLAR

G0900651-v1
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Eccentric

 

position : 12 cm 
from

 

the center
Membrane at

 

the center

Good homogeneity

HomogeneousHomogeneous

 

losseslosses

 

for for a 350 mm a 350 mm diameterdiameter

 

mirrormirror

Membrane Membrane atat

 

the centerthe centerEccentricEccentric

 

positionposition

ΦTa2O5 ~ 2.96 10-4

AfterAfter

 

annealingannealing

ΦTa2O5 ~ 3.02 10-4

AfterAfter

 

annealingannealing

Study

 

on the homogeneity

 

of the mechanical

 

losses

350 mm diameter

 

substrate

 

holder

MechanicalMechanical losseslosses homogeneityhomogeneity

G0900651-v1
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CoatingCoating uniformityuniformity and and losseslosses

interferometer

Ions 
Source

Robot
Substrate in 
rotation

Mask

Target

Sputtered 
atoms

MaskingMasking technique by IBS technique by IBS 
(Ions (Ions BeamBeam sputteringsputtering))

Goal : coat homogeneously 2 VIRGO mirrors in the same run with

TI doped Ta2 O5

2 VIRGO Ø 350 mm mirrors

750 mm

No effect of the masking technique on the 
mechanical losses : Ø=2.10-4 (Ti:Ta2 O5 ) 
and absorption

G0900651-v1
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SummarySummary

•

 

Need to improve coating mechanical losses while keeping sub ppm

 
optical losses

•

 

Several coating materials tested at LMA
–

 

ZrO2

 

(with and without doping)
–

 

Nb2

 

O5
–

 

Doped Ta2

 

O5

•

 

Ti doped Ta2

 

O5

 

still the best solution
•

 

RBS characterization confirms 
–

 

good stoechiometry

 

of doped and un-doped Ta2

 

O5
–

 

presence of Ar
•

 

Optimized coating (I. Pinto)
–

 

first coating with Ta2

 

O5

 

produced
–

 

Next to come: with Ti:Ta2

 

O5

•

 

Masking technique does not affect mechanical properties of high 
index material

–

 

Next: produce two input mirrors for Virgo+ (twin mirrors)
•

 

Prospective at LMA : extend investigations to low temperatures

G0900651-v1
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