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From 3D metamaterials...

Review Article | Published: 31 January 2019

3D metamaterials

Muamer Kadic, Graeme W. Milton, Martin van Hecke & Martin Wegener &

Nature Reviews Physics 1,198-210 (2019) | Cite this article
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Fig. 2| Gallery of designed 3D optical metamaterial unit cells and corresponding experimental realizations.

al An arrangement of metallic split-ring resonators leading to artificial magnetism. b | A fishnet arrangement for
uniaxial negative refractive indices. ¢ | An ABAB...AB laminate, whichis aunit cell used in many metamaterials, including
hyperbolic metamaterials.d | Helices providing chiral behaviour. e | Multiple intertwined helices for recovering three-fold
rotational symmetry. Panel a is adapted with permission from REF*, Wiley-VCH. Panel bis adapted from REF", Springer
Nature Limited. Panel ¢ is adapted from REF.***, Springer Nature Limited. Panel d is adapted with permission from REF*’,
AAAS, Panel e is adapted with permission from REE ", OSA.
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Fig. 3| Gallery of designed 3D ical and mechanical ial unit cells and corresponding experimental
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From 3D metamaterials...

PERSPECTIVE MATERIALS SCIENCE
Soft Acoustic Metamaterials

Thomas Brunet’, Jacques Leng?, Olivier Mondain-Monval®
+ See all authors and affiliations

Science 18 Oct 2013:
Vol. 342, Issue 6156, pp. 323-324
DOI: 10.1126/science.1241727

Abstract

Resonance phenomena occur with all types of vibrations or waves and may play a
part in spectacular events, such as the collapse of structures—for example, the fall
of the Broughton suspension bridge near Manchester in 1831 (/). Indeed, the oscil-
lations of a structure submitted to harmonic excitation reaches its maximum am-
plitude at the resonance frequency wg of the system. At low driving frequencies (w®
< @), its response is in phase with the forcing but becomes out of phase just be-
yond (wg < ®). Such an out-of-phase response has been exploited with “locally res-
onant materials” (2). The proposed strategy is to embed a large enough collection
of identical mechanical resonators in a passive structure to control wave propaga-
tion. These features are used to reach unusual macroscopic behaviors such as ul-
tradamping of noise or negative refraction for imaging (3).
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From 3D metamaterials...

Letter | Published: 15 December 2014

Soft 3D acoustic metamaterial with
negative index

Thomas Brunet™, Aurore Merlin, Benoit Mascaro, Kevin Zimny, Jacques
Leng, Olivier Poncelet, Christophe Aristégui & Olivier Mondain-Monval
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Nature Materials 14, 384-388(2015) | Cite this article

x
@
©
£
B
17
oo
(o)
&)
<<
0 100 200 300
Radius (um)

0 0.2 03 04 0.5
Frequency (MHz)

S Archi-META, 27 Nov. 2023 / 3D wavefront shaping with flat & thin acoustic lenses, Thomas Brunet H



From 3D metamaterials...

Letter | Published: 15 December 2014

Soft 3D acoustic metamaterial with 9 | | ' '
o real part
negative index RS | : .
5t — — 4 — ¢ — o - = = =Imaginary part |-
Thomas Brunet™, Aurore Merlin, Benoit Mascaro, Kevin Zimny, Jacque ’

Leng, Olivier Poncelet, Christophe Aristégui & Olivier Mondain-Monval

Nature Materials 14, 384-388(2015) | Cite this article
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From 3D metamaterials...

RESEARCH ARTICLE | APRIL 21 2023

Pressure effects on the resonant attenuation of soft porous
beads-based materials for underwater acoustics ¥

Thomas Lacour © ; Romain Poupart © ; Olivier Mondain-Monval @ ; Christophe Aristégui; Olivier Poncelet;
Thomas Brunet & ©
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to 2D metasurfaces

Review Article | Published: 23 January 2014

Flat optics with designer metasurfaces

Nanfang_Yu &9 & Federico Capasso &

Nature Materials 13, 139-150 (2014) | Cite this article
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. to 2D metasurfaces

Review Article | Published: 17 October 2018

Acoustic metasurfaces

Badreddine Assouar &2, Bin Liang &, Ying Wu, Yong_Li, Jian-Chun Cheng & Yun Jing &

Nature Reviews Materials 3, 460-472 (2018) | Cite this article
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Soft gradient-index metasurfaces

Ao >> thickness #

Nature Communications 5, 5553 (2014)
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Soft gradient-index metasurfaces

10

i Are there any materials
i with tunable acoustic index?

refractive acoustic index n
- N W A O O N 00 ©

position x

-
E d(x) = om —n(x)d

Ao
Brunet et al.
Nature Communications 10, 143 (2019)
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Soft porous silicone rubbers
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, . For soft porous silicone rubbers:
Article | Open access | Published: 05 January 2017

Soft porous silicone rubbers with ultra-low sound K, = 1 GPa > G,
speeds in acoustic metamaterials

Abdoulaye Ba, Artem Kovalenko, Christophe Aristégui, Olivier Mondain-Monval & Thomas Brunet & 3 0
>n=ny [1+—
Scientific Reports 7, Article number: 40106 (2017) | Cite this article 4 GO
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Soft gradient-index metasurfaces
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Flat acoustics with soft gradient-index metasurfaces

Yabin Jin, Raj Kumar, Olivier Poncelet, Olivier Mondain-Monval & Thomas Brunet &

sample thickness = 2 mm = 'I—g @ 75 kHz

Nature Communications 10, Article number: 143 (2019) | Cite this article
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Soft gradient-index metasurfaces

N sin(0) X JX* 4+ =F
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2D wavefront at ultrasonic frequencies
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3D wavefront

at ultrasonic frequencies

Acousticindex
O = N O a o

16 12 8 4 4 8 12 16
R (mm)

Radially graded flat lens
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3D wavefront at ultrasonic frequencies
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Quasi-flat high-index acoustic lenses

UV polymerization

(a) Liquid emulsion 1 1 l l 1

L

3D printed hyperbolic
mold (equation (3))

(b)

Supercritical
drying

Top view Side view

nF — +\/a? + F?

i) = ncos(0) — 1
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Quasi-flat high-index acoustic lenses

US transducer
with the lens

Applied Physics Letters ARTICLE ‘ scitation.orgljournaliap!

Quasi-flat high-index acoustic lens for 3D

H 20
underwater ultrasound focusing . =
E
g3
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