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Background: Metasurface for EM waves
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Background: Metasurface for Acousitc Waves

@ PL Z Pro % P Z Po=0 &

re ) £ -
0i6i p\( 6i0i 7 i 2 ;
Or *Or 0.9
PoCo y PG y
Inhomogeneous SAT mmhomogeneous SAI 98
(c) Reflected Pressure Field (Pa) Pressure Field (Pa) o
5 - 1.379 Neroral 1174 . 0.6
7 %5 ] 0.5
, --_ '91'5 A 0.4
p 8 0.3
0.2
: ~ 1386 0.807 -
W_ p . ; 0
y (m) y (m)
(e)_Beﬂected Pressure Field (Pa) (f) Reflected Pressure Field (Pa)
e T Ve 1467
a > b
<k
Mode 1
Membrane é I
Platelet i
=) — hard wall .
y- thin film " mf S, -
. l(y) B water }: r III X g ; \
‘., . J S -5--5-] y Solid Sealed gas
side view top view z

Sci. Rep. 3, 2537 (2013)
Nat. Mater. 13, 873 (2014)



if matched
Tmnsmi’r’redt impedance

Slab —

)

Il

== Reflected

Plane wave incidence
%’/




Sample design
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wave velocity: ¢; = ¢y /(1 + (i — 1) Ay/(mh)) —> Gradient index
mass density: p; = po(1 + (i — 1) 1,/ (mh))

Matched-impedance to the background (cy, po).



Proof-of-principle demonstration
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A steep drop of Transmittance from 98% to 1.6% around A5, = d






A unified analytic model based on coupled-
~mode analysis
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Matching the boundary conditions
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At short wavelength 1, = 0.6d

Analytic model prediction

6, = arcsin (4, /d ) =36.9"

large t;, small enough
t_1 and 1y, while t,
and ryq are almost O

COMSOL Simulation
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At critical point:

Analytic model prediction

k., =k —(27/d) =0
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large 1y and t44
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At long wavelength

Analytic model prediction
k

L.+ are purely imaginary
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Generalized Snell’s law

Manipulate wave Xront by engineering the phase

» Fermat’s principle:
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One Realization
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Conclusions

Acoustic metasurface can manipulate acoustic waves

— From normal incidence to obligue transmission or
surface bound wave

— Coupled mode theory

Sci. Rep. 4, 6517 (2014) Sci. Rep. 4, 6830 (2014) Nat. Commun. 5, 5553'(2014)



