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Abstract: Complicated manipulation of reflected acoustic waves is of fundamental significance in acoustics, with wide ap-
plications in various important situations, such as the improvement of acoustic quality in rooms and elimination of undesired
noise. In recent years, the acoustic metasurface has provided new inspiration for the miniaturization of acoustic functional de-
vices, therefore it would be physically and practically important to further reduce the size and weight of acoustic metasurfac-
es. In this paper, a lightweight and ultrathin acoustic metasurface for high-efficiency and precise manipulation of low-fre-
quency reflected airborne sound is introduced. Based on theoretical calculation, it is proven that the metasurface unit cell
with a simple planar hollow structure enables free control of reflected phase over the full 0~21 range via adjustment of one
sole structural parameter, with no need of sacrifice of energy reflectivity and mechanical rigidity or sophisticated inner struc-
tures that would increase the fabrication difficulty and device weight. Hence the resulting device has advantages of ultrathin
thickness (of A,/20), light weight, high reflection efficiency and simple and low-cost design. The performance of the de-
signed metasurface is demonstrated via three distinctive examples of anomalous reflection with arbitrary angle, ultrathin a-
coustic planar lens for focusing acoustic energy and production of Bessel-like beam based on ultrathin flat acoustic axicon.
The realization of flexible manipulation of reflected sound by using lightweight and ultrathin metasurface helps to promote the
novel acoustic planar devices and their applications, and may have important implication in many diverse scenarios ranging
from architectural acoustics to noise control to loudspeaker design.
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Schematic of the reflection manipulation by ultrathin lightweight
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Fig. 1
acoustic metasurface with mechanical rigidity based on the gen-
eralized Snell’s law (a), the images in the red dotted frame are
a perspective view and a cross section of the unit, the thickness
and width of the units are H=1,/20 and D=A,/4, respective-
ly, w is the only tunable parameter, a phase profile @ (x) is
provided at z=0; The simulated phase and amplitude response

of each unit cell as functions of w (b)
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Schematic of the design of metasurface for producing extraordinary reflection, with the length of red line referring to the phase differ-
ence the metasurface needs to provide (a) ; The phase profiles of the metasurfaces and the spatial distributions of normalized acoustic
pressure of 30°, 45° and 60°extraordinary reflection (b~d), in which the red curve refers to the desired continuous phase profile
along the metasurface, the red circles represent the discrete phases provided by the designed unit cells, and the blue triangles repre-

sent the neck width of each unit
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Fig. 3 Schematic for the ultrathin planar acoustic lens with focus length f (a) , in which the length of the red line refers to the phase difference the

metasurface needs to provide for producing the desired equiphase surface marked by the blue line; The phase profile on the metasurface (b) ,

the red curve and red circles refer to the desired continuous phase shift and the discrete phase shift provided by the metasurface along the x

direction respectively, and the blue triangles represent the neck width of each unit; Normalized spatial distribution of acoustic intensity field

for the designed lens with normal incidence (c¢) ; Transverse cross-section of the normalized intensity profile along the line which crosses the

focal point and is parallel to the metasurface (z=2A;) (d)
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Fig. 4 Schematic of the ultrathin planar decentered acoustic lens with focus length f, and decentered distance m (a), in which the length of the red
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line refers to the phase difference the metasurface needs to provide for producing the desired equiphase surface marked by the blue line; The

phase profile on the metasurface(b) , the red curve and red circles refer to the desired continuous phase shift and the discrete phase shift pro-

vided by the metasurface along the x direction respectively, and the blue triangles represent the neck width of each unit; Normalized spatial

distribution of acoustic intensity field for the designed decentered lens with normal incidence (c) ; Transverse cross-section of the normalized

intensity profile along the line which crosses the focal point and is parallel to the metasurface (z=2A;) (d)
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Fig. 5 Schematic for ultrathin planar acoustic axicon with length and
base angle of 7. 25\ and 7/20, respectively (a) , in which the
length of the red line refers to the phase difference the metasur-
face needs to provide for producing the desired equiphase surface
marked by the blue line; The phase profile on the metasurface
(b), the red curve and red circles refer to the desired continuous
phase shift and the discrete phase shift provided by the metasur-
face along the x direction respectively, and the blue triangles re-
present the neck width of each unit; Normalized spatial distribu-
tion of acoustic intensity field for the designed axicon with normal
incidence( ¢ ) ; Transverse cross-section of the normalized intensi-

ty profile at z=9A, from the metasurface(d)
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