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q Context & motivations
Ø From 3D metamaterials…
Ø … to 2D metasurfaces

q Soft gradient-index metasurfaces

Ø Soft porous silicone rubbers
Ø Wavefront shaping at ultrasonic frequencies

q Quasi-flat high-index acoustic lenses

Ø A quite simple approach for…
Ø … 3D underwater ultrasound focusing

q Conclusion & perspectives

Ø Towards soft tuneable acoustic lenses
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Soft gradient-index metasurfaces
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λ0

λ0 >> thickness

Xie et al.
Nature Communications 5, 5553 (2014)
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λ0

λ0 >> thickness

Brunet et al.
Nature Communications 10, 143 (2019)
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Are there any materials
with tunable acoustic index?
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Soft porous silicone rubbers
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For soft porous silicone rubbers:
𝐾! ≈ 1 GPa ≫ 𝐺!

⇒ 𝑛 ≈ 𝑛! 1 +
3𝐾!
4𝐺!

𝜙
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ultrasonic transducer

sample thickness = 2 mm = !!
"#
@ 75 kHz
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2D wavefront shaping at ultrasonic frequencies 
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no metasurface « linear » metasurface « hyperbolic » metasurface



3D wavefront focusing at ultrasonic frequencies
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Radially graded flat lens

R

¬ w/o metasurface
◊ with metasurface

num. simulations1 cm



3D wavefront twisting at ultrasonic frequencies
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Azimuthally graded flat lens

θ
1 cm

¬ w/o metasurface
◊ with metasurface

num. simulations
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Quasi-flat high-index acoustic lenses
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Quasi-flat high-index acoustic lenses
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US transducer
with the lens
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