N
N

N

HAL

open science

Comment on ”Visualizing coherent phonon propagation
in the 100 GHz range: A broadband picosecond acoustic
approach”

Eric Courtens, Benoit Ruffle, Marie Foret, René Vacher, Arnaud Devos

» To cite this version:

Eric Courtens, Benoit Ruffle, Marie Foret, René Vacher, Arnaud Devos. Comment on ”Visualizing
coherent phonon propagation in the 100 GHz range: A broadband picosecond acoustic approach”.
Applied Physics Letters, 2011, 98, pp.246101.

10.1063/1.3599855 . hal-00601656

HAL Id: hal-00601656
https://hal.science/hal-00601656

Submitted on 27 May 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-00601656
https://hal.archives-ouvertes.fr

(7))

G

()

ajd

e

()]

—l

7))
R

7))

>
L

Qo

O
9

0
Q
<

Comment on “Visualizing coherent
phonon propagation in the 100 GHz
range: A broadband picosecond acoustic
approach” [Appl. Phys. Lett. 98, 011901
(2011)]

Cite as: Appl. Phys. Lett. 98, 246101 (2011); https://doi.org/10.1063/1.3599855
Submitted: 27 January 2011 - Accepted: 23 May 2011 - Published Online: 17 June 2011

E. Courtens, B. Rufflé, M. Foret, et al.

AT ?
L A |

A\ J

N 74 0

View Online Export Citation

ARTICLES YOU MAY BE INTERESTED IN

Visualizing coherent phonon propagation in the 100 GHz range: A broadband picosecond
acoustics approach
Applied Physics Letters 98, 011901 (2011); https://doi.org/10.1063/1.3532961

Response to “Comment on ‘Visualizing coherent phonon propagation in the 100 GHz range:
A broadband picosecond acoustic approach” [Appl. Phys. Lett. 98, 246101 (2011)]

Applied Physics Letters 98, 246102 (2011); https://doi.org/10.1063/1.3599856

p-type conduction induced by N-doping in a-Fe,0O5
Applied Physics Letters 98, 242108 (2011); https://doi.org/10.1063/1.3599852

Lock-in Amplifiers
up to 600 MHz

N A/ Zurich
Z '\ Instruments (IS

Appl. Phys. Lett. 98, 246101 (2011); https://doi.org/10.1063/1.3599855 98, 246101

© 2011 American Institute of Physics.


https://images.scitation.org/redirect.spark?MID=176720&plid=1735780&setID=378288&channelID=0&CID=634322&banID=520641639&PID=0&textadID=0&tc=1&type=tclick&mt=1&hc=17d51660356541d41e539deb3392e38992ee4070&location=
https://doi.org/10.1063/1.3599855
https://doi.org/10.1063/1.3599855
https://aip.scitation.org/author/Courtens%2C+E
https://aip.scitation.org/author/Ruffl%C3%A9%2C+B
https://aip.scitation.org/author/Foret%2C+M
https://doi.org/10.1063/1.3599855
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/1.3599855
https://aip.scitation.org/doi/10.1063/1.3532961
https://aip.scitation.org/doi/10.1063/1.3532961
https://doi.org/10.1063/1.3532961
https://aip.scitation.org/doi/10.1063/1.3599856
https://aip.scitation.org/doi/10.1063/1.3599856
https://doi.org/10.1063/1.3599856
https://aip.scitation.org/doi/10.1063/1.3599852
https://doi.org/10.1063/1.3599852

APPLIED PHYSICS LETTERS 98, 246101 (2011)

Comment on “Visualizing coherent phonon propagation in the 100 GHz
range: A broadband picosecond acoustic approach”

[Appl. Phys. Lett. 98, 011901 (2011)]

E. Courtens,?? B. Rufflé,"®> M. Foret,"? R. Vacher,"

2 and A. Devos®

Laboratozre Charles Coulomb, UMR 5221, Université Montpellier 2, F-34095 Montpellier, France
Laboratozre Charles Coulomb, UMR 5221, CNRS, F-34095 Montpellier, France
SUMR CNRS 8250, Institut d’ Electronique, de Microélectronique et de Nanotechnologie, BP 69,

Avenue Poincaré, F-59652 Villeneuve d’Ascq Cedex, France

(Received 27 January 2011; accepted 23 May 2011; published online 17 June 2011)

[doi:10.1063/1.3599855]

Reference 1 presents a new 1mplementat10n of a previ-
ous picosecond optical technique (POT).>? It allows address-
ing a range of sound frequencies v in single acquisition
sweeps. The authors measured the sound-attenuation line-
width T of fused silica and concluded that it exhibits an
acoustic crossover at v=170 GHz. Although the role of
multiple interferences” is mentioned, these are not included
in the analysis. To justify this neglect, the authors show that
the squared linear-correlation coefficient > of their least-
square fits is nearly one around the purported crossover. The
main intent of this Comment is to warn readers that account-
ing for multiple interferences is essential in POT if one de-
sires better than just an order-of-magnitude estimate of the
sound-attenuation coefficient, even if % seems close to one.
A second objective is to briefly discuss the acoustic attenua-
tion of fused silica, pointing out the absence of POT evi-
dence for any new crossover at frequencies up to 300 GHz.

To illustrate the effect of multiple interferences, we cal-
culate, for an initially smooth linewidth function I'(v), the
result of the simplified evaluation procedure in the experi-
mental conditions of Ref. 1. Our choice for I'(v) is to adjust
the approximative I' of Ref. 1 to the anharmonic law I'(v)
o« 12, Indeed, at room temperature and at these frequencies
anharmonicity should be the leading damping mechanism.
This gives the dashed line in Fig. 1. We calculate then the
ratios Asl/Aslo defined in Ref. 1 for their 51x sample thick-
nesses, taking full account of 1nterferences and using the
refractive index values of titanium.® We obtain thereby a
series of diagrams similar to Fig. 3(b) of Ref. 1, except that
there are no random errors on the data points. The crucial
approximation is the fitting of these diagrams to straight
lines, as done in Ref. 1, which amounts to neglecting mul-
tiple interferences. This leads to the calculated apparent Val—
ues Iy, and the related squared correlation coefficient 12
shown in Fig. 1. One first notes the rather large excursions of
I'.y away from I'(v). The exact position of the wiggles
strongly depends on the precise sample thicknesses. The be-
havior is remarkably similar to the I' reported in Ref. 1. The
“crossover” around 170 GHz, absent from the initial I'(v),
can be fully explained by the neglected interferences. Inter-
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FIG. 1. (Color online) The measured I" from Ref. 1, the fitted I'(v) 1%, and
the calculated Ty and 72, (see text).

estingly, the oscillatory features in r%, whlle unrelated to
random errors, also closely resemble the 72 in Ref. 1. Obvi-
ously 7% is not a good criterion to validate the simplified
evaluation procedure.

The true acoustic damping of the silica films measured
in Ref. 1 is probably closer to the dashed line in Fig. 1 than
to the reported red line, and it shows no convincing cross-
over. This dashed line can be compared to recent POT results
for which all interferences were taken into account.” The v
dependence of I' is there fully explained by thermally acti-
vated relaxations plus anharmonicity, extrapolating the low
frequency regime and without any new crossover up to 320
GHz.> Tt is interesting that the latter half widths fall some-
what below the dashed line. This may relate to different
preparations of the oxide layers. Also, with the broadband
technique,1 the enhanced acquisition rate must be at the cost
of a higher transient heating of the samples that can affect
the results.
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