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The Gentle Nodal
Suspension

GeNNS is currently the most used technique in coating loss angle measurements

E. Cesarini et al., A gentle nodal suspension for measurements of the acoustic attenuation in materials,
REVIEW OF SCI. INSTRUM. (2009) , vol.80, 5

“...relevant parameters of the suspension can be measured and eventually varied, giving the
experimentalist the possibility to identify whether the measured loss is limited by the suspension system
in use or it is an intrinsic property of the sample under investigation.”

~ 10% for ¢p = 107 — 1078 (substrates)
Typical repeatability:

~ 5% or better for ¢ ~ 107% — 10> (coated samples)

Cryo-GeNS at LMA Univ. of Roma-ToV Quad-GeNS GeNS
at Caltech at Urbino Univ.

» cryogenic GeNS at Caltech
* GeNS at Syracuse University
cand... - atIGRin Glasgow ...and maybe others

* in Maastricht
Cryo-GeNS at ILM * in Perugia



Issue:

Metrological issue: S
y * Dilution measurement accuracy: the role of temperature
Frequency shift vs
ILINEL LA GITE f, 2 Strong assumption: the mass variation (m, ; m) and the
D=1- (—0) (—O) frequency variation (f, ; f) are only due to the coating
f m deposition.
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» Correction of the frequency values
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30 35 40 45 50 55

e  Granataetal. P2100113 Temperature [-C]

In (/f0)
(67




Metrological issue:

Frequency shift vs
curvature

Issue:

* One-side coating produces a curvature on the sample, inducing a spurious
frequency shift -> systematic error in dilution factor

Butterfly modes goes down

Coating T
Mixed modes goes up
Butterfly modes goes up
Annealing
Mixed modes goes down
Solution:

* Coating deposition in both
sides.
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Granata, M., et al. Archives of Metallurgy and Materials 60 (2015).



Metrological issue: [ssue:

Frequency shift vs . .
curvature/annealing * Annealing can change sample curvature, and produces frequency shifts

Experiments in Urbino, Roma ToV, LMA, ILM

* Annealing of a 27, 0.1mm substrate for 20 h at 900 °C, T
ramp (up and downwards) = 100 °C/h

silica
sample




Metrological issue: Initial situation (Before Annealing): Final situation (After Annealing):

Frequency shift vs _ The sample is curved, like a dome with a radius of
curvature/annealing The sample is nearly flat. curvature: R ~ (3.5 + 0.4)m
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Metrological issue:

Frequency shift vs
curvature/annealing

After a further annealing of the
flipped sample global curvature is
cancelled (irregularities are still
present)
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MetrOIOglcal 1ssue: Different FEA simulations of curved samples, seems to do not reproduce the observed frequency
Frequency shift vs shifts

curvature/annealing . .
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Metrological issue: Issue:
Thermoelastic shift Coating deposition influences the thermoelastic dissipation of the substrate

 Dissipation of substrates (disks) for cryogenic measurements (silicon / sapphire) is dominated by
thermoelastic damping for most of the temperature range

104
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Loss angles are reduced by the
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The thermoelastic dissipation of the substrate changes by the presence of the coating

Metrological issue:

Thermoelastic shift * TED of coated samples is modeled as a * It depends on the thermo-
series of Debye peaks mechanical properties of the coating
J. E. Bishop and V. K. Kinra, Comp. Mater. Struct. 3 83-95 (199) (thermal Condu.CtIVIty’ h-near
S. Vengallatore et al., Jour. of Micromech. and Microen. (2005) thermal €xpansion, SpeCIﬁC heat)
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Naked sample Coating sample

_ t=0 _ — t (coating thickness)

Metrological issue:
Thermoelastic shift

Thermoelastic shift

d’meas(o) — ¢§ntr + DTE(O)ng:E(O)

breas(®) = (1= De()) freas (0 D (P
N\

We have two unknown quantities

We need two equations!




Metrological issue: Possible experimental approach: exploit mode shape and frequency dependence
Thermoelastic shift

(F. Fabrizi, F. Piergiovanni)

The factor DTE is
highly dependent

" on the mode

especially for

modes of different

families
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Pmeas(t;m1) = (1 = Dc(t, ml))(pmeas(o) ++ D¢ (t; ml
¢meas(t; m2) — (1 — Dc(t, mz))¢meas(0) +_|_ DC(t; mz)(péntr

Now we have three unkowns, but we can write a relation between A¢p E (t; m2) and A¢pTE (¢; m1)




Metrological issue:
Thermoelastic shift

Possible experimental approach: exploit mode shape and frequency dependence

We can select two modes:
* as close in frequency as possible
e as different as possible in DT

Thermoelastc loss angle
s o

ans A

Butterfly mode (0, 5)
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Mixed mode (1, 2)
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If we suppose DTE(t;m) =~ DTE(0; m) then: D, are measured

TE (4. _ TE « DTE can be found G.
AP (t' mZ) = (1 Dc(t' mZ))D (mZ) Cagnoli et al., Phys. Lett. A
APTE(t;m1) (1 — Dc(t,m1))DTE(m1) 382 (2018)

We have the third equation!



Metrological issue:
Thermoelastic shift

Pmeas(t;m1) = (1 = D (t,m1))Prmeqas (0) + APTF (t;m1) + De(¢; m1 '
¢meas(t} m2) = (1 — D, (¢t, mz))¢meas(0) + A¢TE(t; m2) + D, (t; m2 v

We have assumed the coating loss angle to be the same for the two modes, but for
modes of different families the contributions of bulk and shear will be different

Conversely, any measurement hoping to determine bulk and shear losses on silicon
substrates must contend with the difference in thermoelastic background

\ ¢

Possible systematic in bulk/shear disentangle



Metrological issue:

Coating edge effect

Mode families observed in silica coating measurement A. Amato G1801791
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Metrological issue: 3 | T . 7.0
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Conclusions

GeNS has proven to be a powerful instrument/technique for mechanical
spectroscopy

Measurement protocols for cleaning and sample preparation are well established
Some issues have been solved as aging, substrate edge effects, temperature effects...
Some issues are still open:

v" Frequency shifts induced by annealing and their connection with the sample
curvature

v" The possible systematics caused by coating edge inhomogeneities, in particular
for measuring bulk and shear loss angle separately.

v" Substrate thermoelastic shift given by coating deposition adds an unknown to
cryogenic measurement






