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Bulk and Shear LossS In
oatings

A new characterization of

'A New Characterization of | M&O «trelsmrne
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Coating Thermal Noise” [ ]

Traditionally, the coating Browmnian

thermal noise in an interferometer has

been  «© lated from the ooating

a e r n a y mechanical loss using &, and ,, which

are the components of the mechanical

kosz parallel and perpendicular to the

coating surface, respectivalyl, | 1 .

Unfortunately, ¢, has heen difficult to subslrate ¥

measure, and has been assumed to be
equal to gy,

A mnew poblication by writers at

Caltech®* has  reformulated  the F|¢|n1 Mistration of differsnt coating deformation modes.
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cogtimge layers

Erownian thermal noise in terms of the H Tm?ﬂm'—‘; :JTH‘W";T:"F Df;;:'mfm
- Pr - ks T lhl'nﬂ-' volving om B diagonal slamants B St
mechanical ]n:-.ll._s of bulk and shear S i < alrrceas b 2 ciramg i a1
deformations [Figure 11, VallTA Gement, ol 1 fz-dlagens nnm:nmn.

strain tensos. Baprodisced from Hong of al*

deling to Improve
derstanding

Using Finite Element Analysis (FEA), it
iz possible to caloolate the amount of
energy stored in each of these
deformation modes.  Using the
mechanical loss measured from a
number of different mechanical
of a coated disc [Figure Z]. it is
to fully characterize the mechanical loss,

Flgura 2: Finlte Elamant modals of dlsc mechanical modes, . o
These models are wsad o m@lcolate S amount of ey
storad I The coating™s bulk and shoar deformalsons.

What It Means

i ™ 1

The figure of merit for the level of
coating Brownian noise in the detector
is the ratio g,/ _. Historically, this
ratio has t:erﬁlii'a-a%éﬁ?:i to be 1, Figure 3
shows how the mnoise wvares with
changing ratin. The next step is to
measure this value directly in the lab for
each coating material.

Flgure X Flob showing the effect of varying dys /S
ratios for silica (med) and tamtala (hlug) on the iotal
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Measurement of Q-factors of silicon wafers vibrational modes

at low temperatures
L.G. Prokhorov, V.P. Mitrofanov

Moscow State University

A
Silicon test masses and silicon suspensions are
considered as prospective candidates for the third
generation of GW detectors due to wery low
mechanical loss in crystalling silicon and its other
excellent properties [1]. They will operate at the low
temperature of about 120 K in order to reduce
significantly thermoelastic losz in silicon  and
associsted thermal noise. Internal mechanical losses
of silicon single-crystals allowed one to obtain
@ » 10° for the silicon ribbons at these
termperatures [2]. The main problem is surface losses
because silicon fibers or silicon ribbons have large
ratio of the surface to volume, so the lasses in their
surface |ayers dominate. It is necessary to realize a
technique for silicon ribbons/fibers fabrication and
subsequent their treatment which provide low
surface losses. It is possible to febricate silicon
ribbons from standard silicon wafers. Thera are

Experimental setup.

Schematic of the setup iz shown in Fig.l. The dewar with
liquid nitrogen is mounted inside the vacuum chamber. The
silicom wafer is suspended inside & special frame which iz
attached to the dewar bottomn. We use 100 pm diametsr
michrome wire for the wafer suspension. In order to provide
the constant wire tension in the process of cooling the
weight iz hung on the wire end. The additional piece of
silicon wafer with attached thermocouple is used to measure
the temperature. Resonant excitation of the wafer vibrational
maodes is realized by the electrostatic drive. Optical sensor is
usad to monitor the vibration amplitude of the wafer modes.
Local bending of the wafer produced by its vibration results
in deflection of the laser beam reflactad from the silicon
wafer which passes through the mirror system and iz
detected by a split photodiode set outside the vacuum
chamber. Q-factor of the mode is determined measuring the
decay time of the mode free vibration.

Results of mezsurements

The main measuraments were carried out for  FigZ

3 inch diameter 320 pm thickness double side

polished commerdal n-type single-crystal silicon

oo

0,002

<111 wafer doped with antimony (the electrical

-

resistivity is 0.02 Ohm-cm). Seversl vibrational
modes  are  measured. The temperaturs
dependence of the relative vanations of the

0,004

modes frequencies is shown in Fig. 2.
We uss two regimes of measurement of

tempersture  dependence  of the mode’s Fg3

O-factor. In the first one the O-factor is measured 107
in process of cooling of the wafer after the dewar %

wras filled with liquid nitrogen. The cooling of the & 1
wafer is realized by radiative heat transfer at the  § 10
pressure of about 3x10°° Torr in the vacuum

chamber. in the second regime the o-factor is

measured in process of heating of the wafer

which was cooled preliminary by means of

several techniques of stching of silicon used for  Figl - el exchange gas-nitrogen at the pressure of about
fabrication of micromechanical structures. Wet or | oticai fiser 3x10°* Torr in the vacuum chamber.
dry etching is likely the most appropriate, because R The temperature dependence of loss for two
allows obtaining of the smooth surface without vibrational modes of the silicon wafer is shown in
defects. Anisotropy of etching allows one to fabricate . Fig.3. The Ilep-en‘lum were measursd in
ribbons from silicon wafer making slots in & wafer ;_,Jnnm process of heating of the wafer.
‘with vertical walls. Estimates of thermoslastic loss were made using
The losses in silicon ribbons can be determined by .-—‘deT it caloulations for silicon beam with rectangular
measuring the O-factors of mechanical oscillators Photodetecior cross section and the same thickness as the
formed on the base of the ribbons. It is necessary to thickness of the wafer usad in cur measurements
clamp the oscillator so that the clamping losses are
negligible. Inwork [3] the thicker block at one end of
the thin flexure was fabricated in order to reduce sum nd
damping losses of thin silicon flexure. We suppose to Silizan samgie Summary and future work
iﬁt:i':lversialsn‘fdmmeinmdut} [for temparmturs: The mechanical dissipation in silicon wafer which we measure at the temperature range near
measure dissipation in silicon ribbons which i not mamzuremans| 120 K is mainly associated with damping losses_ We plan to improve the wafer suspension and
associated with clamping losses. It is proposed to I I‘L Jrr— to measure the dissipation in silicon oscillators fabricated in the wafers.
fabricate the mechanical osdllator in the silicon *, = Acknowledgements
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"Measurements of Charging

Noise with a Torsion Balance
Paul Campsie, Giles Hammond,
James Hough, Sheila Rowan

Charging Noise

Measurements of Charging Moise Using a Torsion Balance

Paul Campsie, Am Hough, Shella Rowan and Gles Hammond
Insitute for Gravitaiionsi Ressanch, SUR, University of Glasgow, Glasgow, G12 800
E-mall: Paul Campeief) giasgow.ac. Lk

Introduction

A meren confroiled borsion balance syperiment fas besn in
deveiopment at the UniversEy of Glasgow [1) over the past few
¥ears for the purpose of diFectly messunng changing noise [J].
Afer making several Improverments to the exparimental sat up,
InCluding elecrusiatic shieidng and Empemaluretit
monitorng, the: INSIUmEnt 1S Aow St SUTICEnS Sersivity.

H charging nolse can be thought of simply as & decaying
exponendal with & singie coreiadon time, 1, S Gme domain
torque, ), acting on Be forsion balance can be writien as
(T o}
where <[> |3 the averape forgue arsing fom Coulomb
interaciion between the surface charge and the bob of the
torsion balance. Taking the Fourler ransform yields the: omue

Exparimental Sat Up

The iorzion balance (Figurs 1) i= housed In a vacuum ank that
hazs two motorised nshbon siages, In an X-Y configuration.
A il disc Is fived o these mobors and can be moved near
the forsion bob io fake measurements. There |5 a Kelvin probe:
iocated near the siica dsc in onder 5o monkor S decaying
Crame. Them ane han frther manual transiason sages, in an
X-¥ configuration, and 2 rolation stage, controled with a
siepper moinr, atisched to the fop plate of The sructure (Figure
1)/t aillow firs: ACUESTTENt Of the angular DOSSon of the hob.
The forsion belance b5 contolied wish & cusiom LabVIEW
program which mornitors e capadiive sensor culput and uses
a i=ast sguares 1t of the bob position bo derfve the approprate
ProporSonaiHntegrabDerivalive confroliers. The fres rumning
torgue noise is ~3 x 10 NmHE at imHz and s dominabed
by thermal stabilty of &

Py i oo Qe Used i Radil lhe fiE
wnghe fal e cuiscds of ot etion and spohing offset 1o goe

Ragults

The lorsion balanoe must be calbrated ik oorder b0 comert the
MENUFE] SErd0 CUEDLE oM the iorsion Bslance Imo 3 omue
special densfy. This mquires measurement of the dosed loop
tansfer function betwesn the tomue Input and the serm
conbol wolage. This i= comvenienty achieved by rotting the
enfare fbre through a known angle (with the stepper motor in
Figure 1) and monkoring the FID oufput.

LG DO Membar - GHMIGHY

Uniraruiby of Gilmagoes, chay nurmbes SO0

Chamge was deposiied on the fused silca disc through mulliple
contacts with a copper pad heid at a potential of 10%. This
resulted In the iorsion balance becoming wncontroliable wntl!
the DO secrslic mue was canosied by meatng e
forsion fbre with the siepper motor through an angie of
appodmately 30 degrees. From this measunement, and
knowiedge of the sETnass Of e fibre, the aemge Coulomb
forque aciing on the torsion bob was estimaked 2z 3.6+10%m
and resuits In a dhange density of the omder 10-7'Cime. The ime:
CONSEANt of the decaying charge ws determinsd io be 35 days
through measurement with the Kehvin probe shown In Figare 2.

Figera & Fined dute from the | evscuss Kebin probe

Fgure 3 shows the Callbrabed torsion balance iorgus sensivity
withwithouwt Se charped slica sampie In e wacuum chamber:
An estimaie of e chamging nolze, ikulsted from Eguaton (2)
andl using reasurements of the average Coulomb forgue and
fime constant, s also shown. There ks a very dear decrexse In
the sErsivity of B Instrument when Chame |5 present on he
fused slica disc which seems corsisient Wil the expecied
moise leved and spectral content (1) as shown I FAgure £

the iomsien balance with'
) ool il i

Figurs 4 R of S Ssaured anhd Peorelosl 19U fohe Speciie
‘Conpluslons

An initial measurement of the tomue noise acfing from change
decyy desmibed by A Single cOMAton Ime Fas besn made
with a forsion balance and shows good agreement with theorg
A higher sersitivity instrument |s curently being developed o
study the =Msct in more detal
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Mechanical Loss Measurements of TRA-DUCT 2902 Epoxy and
Shear and Bulk Mechanical Loss of Silica

Jonathan Newport', Danika Balas', David Belyea', Alexandra France', Steve Penn’, Raymond Robie', Gregory Harry'
'American University, ‘Hobart and William Smith Colleges
We measured the mechanical loss of TRA-DUCT 2902 conductive epoxy and bare silica disks. Both were analyzed to determine separately
the shear and bulk components of mechanical loss. The epoxy is of interest as a way of attaching tuned mass dampers to Advanced LIGO
test masses to help mitigate parametric instability. Measuring the shear and bulk components of silica mechanical loss are a first step towards
designing coatings with partial cancellation of shear and bulk thermal noise. L/GO-G1300163

Shear and Bulk Mechanical Loss in Silica

Theory: We modeled the mechanical loss in silica starting with the technique of
Penn et al, Physics Letters A 352, (2006) 3, but expanded to allow for a loss angle
associated with the shear modulus, ., and bulk modulus, ¢,

¢suhsirate(fn) =a, ¢sm=ar f“0‘77+ (T-an) ¢‘hum fnu77

where ¢..,,... is the mechanical loss of the silica substrate (excluding surface effects),
n is normal mode number, f, is the normal mode frequency, a, is the fraction of
elastic energy of the normal mode in shear deformation, and ..., and ¢,,, are loss
angle coefficients to be determined from experimental data.

Mode shape for mode n=0, ¢&=4

Measured Q Values 4

Mode Frequency Q
2699.3 Hz 2.17 X107
6148.5 Hz 1.90 X 10
9438.3 Hz 1.32 X107
10612 Hz 0.92 X 10

Silica Results Predicted and Measured Q’s

The two modes n=1, £=4 and n=0, £=4 Using the values found to the left for ¢,...
have the widest spread in their shear and ¢,,, we predict the Q's for the n=0, £=1
and bulk energy ratios. Using these  and n=0, £=3 modes and compare with
two modes, we find measured values.

[ - Quenoured

n=0, £=1 247 X10° 193X 10
n=0, £=3 136 X 10" 1.90 X 107

Mechanical Loss of TRA-DUCT 2902 Epoxy

Theory: Exchange of energy between optical and acoustical modes,

parametric instability, is a potential problem in high power operation of

Advanced LIGO. Tuned mass dampers, designed to reduce the modal Q's

of test masses have been proposed to solve this problem. These dampers

could be held to the test masses with epoxy. Excess thermal noise from

the epoxy is a concern. To predict the level of thermal noise, mechanical

loss of epoxy must be measured. TRA-DUCT 2902 conductive epoxy has

been proposed, and we have measured its mechanical loss.
it Sample showing epoxy (silver),
T T o m v w%w suspension bob and exciter (blue)

Measured Q Values
Energy %

... ] n Epox
T e ‘ ‘ 176 X10° 0.1

2.07 X 10° 0.09

4137.5 1.63 X 10° 0.1

6157.6 4.11X10°  0.09

6312.8 549X 10°  0.08

9457.8 215X10°  0.07

37071.2 9.51 X 10° 0.04

Amplitude and phase shift of n= . 37155.1 864X10°  0.04

Epoxy Results Future Plans: On the shear and bulk loss project, expand the
.~ model to include surface loss, measure additional modes including
higher bulk energy, and anneal substrates. Once silica is
understood, coatings like titania-tantala, AlGaAs, and Si,N, will be
measured.

=

This mechanical loss is about
a factor of 2 better than was

used in the model in G1001023. ‘On the epoxy project, measure additional epoxies including

- y “ MasterBond EP30-2, Hysol TRA-BOND, and natural resin from
::'J":"I‘z‘i’j'é)'(‘c'::g tf]ﬂ:[:‘sllﬁgi:;gh Australia. Also measure higher frequencies to determine any
in Advanced LIGO. frequency dependence of the epoxy loss.




LIGO Coatings and Materials

« Namjun Kim, Jonathan F. Stebbins,
“Structure of Amorphous Tantalum Oxide
Coatings: O-17 MAS NMR Studies”

e Steve Penn, “Mechanical Loss In
Annealed AlGaAs Coatings”

 R. Douglas, K. Haughian and M.van
Veggel, “Recent optical and mechanical
experiments with Sapphire”



LIGO Thermal Issues

e Aidan Brooks, "Advanced LIGO TCS
Status”

« Glacomo Ciani, "Production Ring Heaters
Qualification and Testing”

e R Adhikari and Nic Smith, “Just Cool
Enough: Ultra-LIGO”



Technical Noise and
Modeling

 Maria Pashentseva and lgor Bilenko
"Measurement of mechanical excess noise
from the stressed silicate bonding“

* D. Kelley, J. Lough, A. Perreca, S. Ballmer
"Optical Trap for Angular Degree of
Freedom®

e L.Carbone, D.Brown, C.Bond, P.Fulda,
A.Freise "FINESSE, a numerical
simulation tool for optical design and
detector commissioning*

LIGO



	Slide Number 1
	Bulk and Shear Loss in Coatings
	Cryogenic Q of Silicon
	Charging Noise
	Epoxy and Silica Mechanical Loss
	Coatings and Materials
	Thermal Issues
	Technical Noise and Modeling

