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High-Efficiency Generation of Airy Beams with Huygens’ Metasurface

Weiming Hao,1 Ming Deng,1 Shuqi Chen,2,* and Lin Chen1,†

1
Wuhan National Laboratory for Optoelectronics, Huazhong University of Science and Technology,

Wuhan 430074, China
2
Laboratory of Weak Light Nonlinear Photonics Ministry of Education School of Physics, Teda Applied Physics

Institute, Nankai University, Tianjin 300071, China

 (Received 26 January 2019; revised manuscript received 12 April 2019; published 6 May 2019)

Metasurfaces have shown great potential to generate Airy beams, but the available schemes with
dielectric and plasmonic metasurfaces suffer from a lack of amplitude modulation and/or low transmis-
sion efficiency. Huygens’ metasurfaces have the capability of manipulating electromagnetic wave fronts
without reflection, and hence have offered a robust approach to exploit empowered functionalities, such
as reflecting, refracting, and focusing plane waves. Here we propose a Huygens’ metasurface structure
comprised of a metal capacitor sandwiched between double-pair U-shaped ring resonators, which is capa-
ble of independently controlling the electric and magnetic dipole responses. The electric admittance and
magnetic impedance can be tuned within a wide range, which enables us to achieve nearly arbitrary trans-
mission amplitude and phase for the transmitted waves. The meta-atom of Huygens’ metasurface can be
designed to have ultrahigh transmission amplitude (nearly 100% for the maximum value), and the resultant
Airy-beam generators assembled with the Huygens’ metasurfaces present high transmission efficiency. We
theoretically design transmissive Airy-beam generators that require polynary amplitude and binary phase
distributions, and experimentally verify their excellent performances in terms of transmission efficiency.
Our results, based on the independent control of electric admittance and magnetic impedance, can stim-
ulate making high-efficiency wave-front manipulation devices with diversified functionalities in different
frequency domains.
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I. INTRODUCTION

Metasurfaces, two-dimensional equivalent of metama-
terials, have recently shown an unprecedented approach
to the extreme control of the reflective and transmissive
properties of electromagnetic (EM) waves [1,2]. Metasur-
faces utilize interfacial phase discontinuities introduced by
subwavelength-sized planar resonators to locally control
the amplitude and phase of scattered waves and thus to
reshape the wave front of EM waves, leading to a vari-
ety of intriguing phenomena and applications such as light
bending [3], unidirectional surface-plasmon coupling [4],
invisibility [5,6], flat lenses [7–9], holography [10,11],
generation of vortex beam [3], and achromatic optics lens
[12–15]. Benefiting from the flexibility of modulating the
amplitude and phase of EM waves, metasurfaces have also
been extensively used to generate various complex field
distributions, such as Airy beams [16–21], which typi-
cally need to introduce complicated amplitude and phase
distributions. The dielectric metasurface Airy-beam gen-
erators have the advantage of realizing high transmission
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[16], but the available metadevices inevitably suffer from
limited nondiffracting propagation distance due to a lack of
amplitude modulation. While promising steps have been
taken to generate Airy beams with simultaneous ampli-
tude and phase modulation with single-layer plasmonic
metasurface [17–21], the transmission efficiency is highly
limited because of intrinsically low transmission amplitude
for a plasmonic meta-atom.

Huygens’ metasurfaces (HMSs) have offered a promis-
ing approach to construct high-efficiency transmissive
metadevices by generating orthogonal equivalent electric
and magnetic currents to exquisitely control the scatter-
ing fields for specific EM response [22]. A noticeable
feature of a HMS meta-atom is that nearly 100% transmis-
sion amplitude is possible, hence representing a promising
avenue to tackle the challenge faced by plasmonic meta-
surfaces. To avoid the plasmonic loss incurred by metals,
dielectric HMSs have been widely proposed to address
the issue of low working efficiency at high frequencies
[23–28]. A large amount of studies on HMSs are focused
on phase modulation, while maintaining a high transmis-
sion efficiency. By means of independently controlling
the amplitude and phase of transmissive waves, HMSs
have been successfully designed to expand the practical
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applications such as controlling the diffraction waves
[29–32]. While a HMS meta-atom has the capability of
modulating amplitude of 0%–100%, associated with 0–2π

phase modulation, realizing high-efficiency Airy beams
with HMSs still remains unexplored.

In this paper, we propose a HMS design that is capa-
ble of achieving nearly arbitrary transmission amplitude
and phase for the transmitted waves. The meta-atom of
the HMS, consisting of a metal capacitor sandwiched
between double-pair U-shaped ring resonators, is pur-
posely designed to have electric and magnetic dipole
responses, respectively. Once the double-pair U-shaped
ring resonators are already designed for magnetic dipole
response, one can simply design the metal capacitor to
tune the electric dipole response with less influence of the
magnetic dipole response. As a result, one is able to gen-
erate nearly arbitrary transmission amplitude and phase
for the transmitted waves with an appropriate design of
the HMS units. This thus expands the HMSs’ functionali-
ties besides reflecting, refracting, or focusing plane waves,
which typically requires uniform transmission-amplitude
distributions. The meta-atom of HMS presents ultrahigh
transmission amplitude (nearly 100% for the maximum
value), and the resultant Airy-beam generators assembled
with the HMSs present high transmission efficiency. The
concept of HMS Airy-beam generators is demonstrated in
the microwave and terahertz domain.

II. RESULTS

A. Operating principle

Figure 1(a) schematically shows the arbitrary EM fields
in two regions (regions 1 and 2) separated by a surface ele-
ment S that offers electric and magnetic surface currents.

Considering the fact that the field intensities are discontin-
uous at the surface S, the fictitious electric and magnetic
surface-current densities JS and MS are required to follow
the boundary conditions as [22]

JS = n̂ × (H2 − H1), (1a)

MS = −n̂ × (E2 − E1). (1b)

We can use the local equivalent electric admittance tensor,
Yes, and magnetic impedance tensor, Zms, representing the
EM properties of HMSs, to link up JS and MS. We note the
effective permittivity and permeability are frequently used
to describe EM properties of metamaterials that are treated
as a bulk material having a certain thickness. However, it
is not suited to correlate them with JS and MS. In contrast,
the equivalent electric admittance and magnetic impedance
are suitable for describing the EM response at the interface
of two regions. Considering that the HMSs are ultrathin,
we can thus use Yes and Zms to completely represent the
EM properties of HMSs. Under the conditions that the inci-
dent waves are x polarized and no polarization conversion
occurs during the whole process, we can thus merely take
Yes,xx and Zms,yy into consideration. When the HMSs are
surrounded by air, Yes,xx and Zms,yy can be normalized to
the wave impedance of free space as

Y = Yes,xxη = Js · x̂
1
2 (E1 + E2) · x̂

η = 2η(H y
2 − H y

1 )

Ex
1 + Ex

2
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1
η

= Ms · ŷ
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2 (H1 + H2) · ŷ

1
η
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1 + H y
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FIG. 1. Schematic illustration of the
HMS and its working principle. (a)
Arbitrary fields in the two regions sep-
arated by a surface element S. (b) The
meta-atom of the HMS consisting of
three-layer metal patterns (one metal
capacitor sandwiched between double-
pair U-shaped ring resonators), spaced
by dielectric layer. (c)–(e) Metallic
patterns and induced currents in the
TL, ML, and BL for a meta-atom.
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where x̂ and ŷ are the unit vector along the x and y
directions, respectively, Ex

1 and Ex
2, H y

1 and H y
2 are the

tangential components of electric and magnetic fields in
regions 1 and 2, respectively. According to the generalized
sheet transition condition [33], and its derivation [34], the
transmission and reflection complex coefficients of surface
element S can be written as

T = (4 − YZ)
/

[(2 + Y)(2 + Z)], (3a)

R = 2(Z − Y)
/

[(2 + Y)(2 + Z)], (3b)

where T = t exp(ϕt) and R = r exp(ϕr) are the transmittance
and reflectance, t (ϕt), and r (ϕr) are the transmission and
reflection amplitude (phase), respectively. If the absorptiv-
ity of the HMSs is negligible, Y and Z are pure imaginary
values, and hence |T|2 + |R|2 = 1. Further, if Y is equal
to Z, the HMSs are reflectionless, which has been widely
used to enable high-performance wave-front manipulation
[22–28]. In addition, we note arbitrary electric admittance
and magnetic impedance have been previously employed
in HMSs to introduce nonuniform scattered-field distribu-
tions to control the diffracted field [29–32].

Figure 1(b) schematically shows the proposed
meta-atom of the HMS consisting of a metal capaci-
tor sandwiched between double-pair U-shaped ring res-
onators. The three-layer metallic patterns, i.e., top layer
(TL), middle layer (ML), and bottom layer (BL), are pre-
sented in Figs. 1(c)–1(e). Compared with commonly used
single metal strip and double metal strips, the metal capac-
itor and double-pair U-shaped ring can reduce the size
of the meta-atom, which thus increases the number of
sampling dots, and hence benefits sampling accuracy. In
addition, they can avoid the cross-polarization conversion,
owing to their mirror symmetries to the x axis and y axis.
Once such meta-atom is illuminated with x-polarized EM
waves, the surface currents are induced in the three layers,
denoted as Jtop, Jmid and Jbot, respectively. The induced

currents in the TL or BL are the sum of conduction currents
in the two opposite U-shaped rings, while the induced cur-
rent in the ML comes from the displacement current across
the capacitor

Jtop = Jtop,+ + Jtop,−, (4a)

Jmid = JD, (4b)

Jbot = Jbot,+ + Jbot,−. (4c)

The surface currents in the three layers are presented in
detail in Note 1 within the Supplemental Material [35].
We find that a meta-atom can support one magnetic dipole,
associated with the resonance frequency fM , and two elec-
tric dipoles, associated with two resonance frequencies,
fE1 and fE2, respectively. We conduct the finite-difference
time domain (FDTD) method using commercial software
Lumerical FDTD Solutions to model the EM response of
the HMS presented in Fig. 1(b). The electric admittance,
Y, and magnetic impedance, Z, are retrieved by incor-
porating the transmission and reflection coefficients into
Eq. (3). The geometrical parameters used for the simula-
tions are px = py = 4 mm, td = 1 mm, wl = 0.2 mm, and
ay = 3.7 mm (all are fixed in this work), and, ag , ax, bg ,
and by (are variable in the following work) is 1.2, 2.2,
0.3, 2.0 mm. The thickness of each metal (copper) pat-
tern is 0.017 mm. The conductivity of cooper is set as
5 × 107 �−1 m−1, and the relative permittivity of the FR4
layer is set as 4.3 + 0.05i. It can be seen from Fig. 2(a) that
three resonance frequencies occur in the frequency range
of interest, associated with fE1, fM , and fE2 mentioned
above. As a comparison, we can see that, fM , associated
with the magnetic response, is unchanged, while fE1 van-
ishes and fE2 is slightly shifted without the involvement
of the ML [Fig. 2(b)]. Both fM and fE2 vanish and fE1
undergoes a shift when we remove the TL and the BL
[Fig. 2(c)]. The comparative study presented here verifies
that the coupling between the TL (BL) and ML, contributes
to the two electric responses, and hence fE1 and fE2 can

(a) (b) (c)

FIG. 2. Imaginary parts of Y and Z versus frequencies. (a) One magnetic response (fM ) and two electric responses (fE1 and fE2) occur
as both the metal capacitor and double-pair U-shaped ring resonators are used. (b) The magnetic response (fM ) is unchanged, while fE1
vanishes and fE2 is slightly shifted with the absence of the metal capacitor. (c) Merely fE1 is left with the absence of the double-pair
U-shaped ring resonators. The structural parameters used for the metallic patterns are ag = 1.2 mm, ax = 2.2 mm, bg = 0.3 mm, and
by = 2.0 mm.
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be slightly shifted. Meanwhile, the magnetic response suf-
fers little from the coupling, and hence fM is unchanged.
More simulation results demonstrate that the ML signifi-
cantly affects the electric response, but does not influence
the magnetic response at all, even if the thickness of the
dielectric spacer experiences a large variation (see more
details in Note 2 within the Supplemental Material [35]).

B. Design of the building block and Airy-beam
generator

We aim to design a meta-atom of a HMS [Fig. 1(b)]
that is capable of achieving nearly arbitrary transmission
amplitude and phase for the transmitted waves. Under-
standing the EM response mentioned in the above section
helps us with the design. We should first design ag and
ax to determine fM so as to fix the Z, associated with the
magnetic response. In this way, we can simply modulate
the geometrical parameters of the ML (bg and by) to con-
trol fE1 and fE2 so as to flexibly tune the Y, associated with
the electric response, without shifting fM . These two design
steps are intended to make both Z and Y vary within a wide
range so that arbitrary transmission amplitude and phase
distributions are expected. Figure 3 illustrates that nearly
arbitrary transmission amplitude and phase distributions
are realized as Z and Y range from (−10i, 10i). Consid-
ering the practical structure shown in Fig. 1(b) where the
absorption loss is so small due to the involvement of the
FR4 layer, the Z and Y can be treated as pure imagi-
nary values. We can thus achieve the required transmission
amplitude and phase distributions for the particular wave-
front manipulation. As an example, we design two groups
of meta-atoms whose transmission phases have a differ-
ence of π , while their transmission amplitudes vary within
the range of 0 to 1 [Fig. 4]. The geometrical parameters, Z
and Y, retrieved from Eq. (3) can be found in Table SI and
Fig. S3 of Note 3 within the Supplemental Material [35].

The arbitrarily controlled transmission amplitude and
phase with the presented HMS in Fig. 1(b) is applica-
ble to the construction of practical functional devices that
require complex transmission coefficients. It should be

noted here, much effort has been previously devoted to
exploring HMSs to manipulate light wave front such as
reflection, refraction, focusing of light, as well as manip-
ulating the diffracted fields [22–32]. However, there is
little work targeted towards generating Airy beams using
HMSs, although plenty of work on Airy beams has been
demonstrated with single-layered plasmonic and dielec-
tric metasurfaces [16–21]. Airy beam is an analogy to
Airy wave-packet solution for a free particle derived from
the free-particle Schrödinger equation in electromagnetism
[36–38]. As one type of nondiffraction wave, Airy beams
have many unique features, including nondiffracting, self-
bending [38], and self-healing [39], which stimulate enor-
mous potential applications such as curved plasma-channel
generation [40], particle manipulation [39], and light bullet
[41,42]. The electric field envelope of a finite energy Airy
beam can be described as [37]

U(ξ , s) = A · Ai

[
s −

(
ξ

2

)2

+ i(αξ)

]
exp

[
αs − αξ 2

2

−i
(

ξ 3

12

)
+ i

(
α2ξ

2

)
+ i

(
sξ
2

)]
, (5)

where A and Ai represent the amplitude factor of electric
field and Airy function, respectively, and the exponen-
tial part indicates the decaying feature. The parameter α

is the decay factor, and s = (x − x0)/w is the dimension-
less normalized transverse coordinate, where x is the real
laboratory coordinate, x0 is the reference coordinate for
normalization, and w represents the scaling length. ξ =
z/(k0w2) is the propagation length normalized by Rayleigh
distance, where k0 is the wave number in free space. The
initial field envelope of Airy beam is given by the condition
ξ = 0 as

U0(x) = U(0, x) = A · Ai
(

x − x0

w

)
exp

[
α

(
x − x0

w

)]
,

(6)

Phase
(a) (b) FIG. 3. Local transmission ampli-

tudes (a) and phases (b) as a function
of the purely imaginary value of Y
and Z.
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2.5 π FIG. 4. Two groups of meta-
atoms undergo a π difference,
while their transmittance varies
within the range of 0 to 1. (a),(b)
Transmission phases and transmit-
tance of meta-atoms in group A.
(c),(d) Transmission phases and
transmittance of meta-atoms in
group B.

where U0(x) is a real-value function, in which the initial
phase experiences a difference of π as U0(x) is altered from
positive to negative value. To maximize the efficiency of
the Airy-beam generator, one should properly select A to
satisfy |U0(x)|max = Ain, where Ain is the amplitude of the
incident plane waves.

To design practical Airy-beam generators with the
present HMSs, 60 units of meta-atoms are used along
the x direction, while it is assumed that the HMSs along
the y direction are uniform and sufficiently long. Specif-
ically, two sets of parameters (w, x0) = (24, 216 mm)
and (21.7, 218.3 mm) with α = 0.0001 are employed to
construct the Airy-beam generators at 13.8 GHz. The geo-
metrical parameters of the used HMSs, together with their
Z and Y retrieved from Eq. (3), can be found in Table
SII and Fig. S4 of Note 4 within the Supplemental Mate-
rial [35], where the blue circles represent the samplings
in Figs. 5(a) and 5(b). In the frequency range of interest
(7–17 GHz), only the electric resonance, associated with
fE1, and the magnetic resonance, associated with fM , are
excited simultaneously. The electric resonance, associated
with fE2, is far from the operating frequency, and hence
its contribution to Z and Y is negligible. Figures 5(c) and
5(d) show the ideal field intensity distributions for the two
designs, retrieved via analytical method with Eq. (5). Fig-
ures 5(e) and 5(f) present the simulated field intensity dis-
tributions when the designed HMSs are involved. To verify
the analyzed and simulated prediction, we implement stan-
dard printed circuit-board technology to fabricate realistic
samples with 49 units being used along the y direction,

and characterized their device performance with near-field
scanning experiment. A part of the fabricated sample one
is schematically shown in Fig. 5(i) and the experimental
setup is illustrated in Figs. 5(j) and 5(k). The near-field
distributions are measured via a R&S ZVL13 vector net-
work analyzer, and the distance between the source and
the sample is Ls = 2500 mm [Fig. 5(j)]. The experimental
results shown in Figs. 5(g) and 5(h) are basically consis-
tent with the simulated results in Figs. 5(e) and 5(f). We
note there are limited side lobes presented in the simula-
tion and experiment, compared to the analyzed results in
Figs. 5(c) and 5(d). The main reason that causes the differ-
ence arises from the finite units of HMS used along the x
direction in the simulation and experiment. The deviation
between the simulated and measured results come from the
fabrication error and finite distance Ls between the horn
antenna (as the source) and sample. We have noted in
the recent study on Airy beams with plasmonic metasur-
faces [17–20], the transmission efficiencies of Airy beams,
defined as the ratio of the maximum electric field intensity
of output beam to that of the incident light [19], are all far
below 1 [17–20]. As for the present case, the transmission
efficiencies, where the electric field intensity is extracted
at z = 66 mm (around threefold wavelengths) away from
HMSs, are 1.18 and 0.98 for the two designed genera-
tors. The present results indicate that the HMS scheme
could significantly increase the transmission efficiency,
compared to those with plasmonic metasurfaces.

The self-healing feature of an Airy beam is usually
verified by placing a scatterer on the travelling path of
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FIG. 5. Experimental verification of HMS Airy-beam generators. (a),(b) Transmittance distributions along the x direction. Blue
circles represent the sampling points and red solid lines stand for the transmittance distributions required by the field envelop of
the Airy beam. (c)–(h) Field intensity distributions of output fields with analytical method (c),(d), according to Eq. (5), full-wave
simulation (e),(f), and experiment (g),(h). (i) A part of the fabricated sample. (j),(k) Near-field scanning experiment setup.

the main lobe. Here we numerically demonstrate that the
main lobe can still recover after placing a perfect elec-
tric conductor (PEC) of 16 × 20 mm2 in size (70 mm
away from the sample) on the path of the main lobe [see
Figs. S5(a) and S5(b) in Note 5 within the Supplemen-
tal Material [35]]. In addition, nondiffraction and self-bend
are the two other features of an Airy beam, and the mea-
surable indicators of them are the variation of the FWHM
and the deflection offset of the main lobe, respectively.
The FWHM is oscillating around the predesigned values
of 39.20 and 35.42 mm, respectively, as the propagation
distance is below 20-fold wavelengths [see Figs. S2(c)
and S2(d) in Note 5 within the Supplemental Material
[35]]. These values are further enhanced as the propaga-
tion distance increases but are kept below 1.5 times the

predesigned values (39.20 and 35.42 mm), even if the
propagation distance reaches 28- and 24-fold wavelengths.
We also investigate the self-bending characteristic of the
Airy beams, and the experimental and simulated results
are basically consistent with the theoretical prediction [see
Figs. S5(e) and S5(f) and the accompanied discussions in
Note 5 within the Supplemental Material [35]].

C. Extension to terahertz frequencies

The design strategy to generate arbitrary transmission
amplitude and phase using a meta-atom of the HMS is
so general that we can also employ it in higher-frequency
domains. As an illustration, we extend the working fre-
quencies to terahertz frequencies. The meta-atom of the

054012-6



HIGH-EFFICIENCY GENERATION OF AIRY. . . PHYS. REV. APPLIED 11, 054012 (2019)

(a) (b)
(e) (f) (g) (h)

(c) (d)

FIG. 6. Numerical demonstration of the Airy-beam generators at 0.3 THz. (a),(b) Schematic of a meta-atom (group T), with px,
py , ay , and wl fixed at px = py = 0.2 mm, ay = 0.185 mm, and wl = 0.01 mm. The other variables are listed in Table SIII of Note 6
within the Supplemental Material [35]. (c),(d) Transmittance distributions along the x direction. Blue circles represent the sampling
points and red solid lines stand for the transmittance distributions required by the field envelop of Airy beams. (e)–(h) Field intensity
distributions of output fields with analytical method (e),(f) according to Eq. (5), and full-wave simulation (g),(h). In the modeling, α is
set as 0.0001, (w, x0) are (1.2, 10.8 mm) in (c), (e), and (g), and (1.086, 10.914 mm) in (d), (f), and (h).

HMS is schematically presented in Fig. 6(a), with the side-
view schematic being shown in Fig. 6(b). We chose alu-
minum (Al) as the metallic material and benzocyclobutene
(BCB) as the dielectric spacer between the metal patterns.
Different from the HMS used in the microwave domain,
we introduce a BCB substrate to support the HMS, and
then use a BCB cladding layer (with the same thick-
ness of coating) to cover the HMS, for eliminating the
bianisotropy. The thicknesses of each metal layer, each
BCB spacer, and cladding and substrate layer are 200 nm,
60 µm, and 20 µm, respectively. The relative permittivity
of the Al layer is obtained by fitting the experimental data
to the well-known Drude model εω = 1 − ω2

p/ω(ω − iωτ ),
where ω is the angular frequency, ωp and ωτ are 3570 and
19.4 THz, respectively [43]. The relative dielectric con-
stant and loss tangent of the BCB layer are 2.45 and 0.01,
extracted from an experiment reference [44]. It should be
noted here, the conductivity of Al is still a very large value,
and BCB, as a typically used dielectric material, has an
ultralow loss in the terahertz domain. It can thus be rea-
sonably inferred that, the absorption loss of the meta-atom
presented in Fig. 6(a), arising form material loss of Al and
BCB can be ignored. Previous experimental results in the
terahertz region have proven the low-loss absorption as
Al and BCB are involved [45,46]. The BCB layers can
be obtained with spin-coating technique, and the metallic
pattern can be precisely formed by use of optical lithogra-
phy, followed by deposition techniques such as magnetron
sputtering deposition or electron beam evaporation. The
alternative Al and BCB layers can be formed by repeat-
ing the above process on a back plate. Finally, the HMS
Airy-beam generator can be obtained by removing the back
plate by wet etching [47]. Figures 6(c) and 6(d) present

two groups of transmission distributions versus x coor-
dinate at 0.3 THz, where the corresponding phase shift
experiences alternative π . The detailed structural param-
eters for the metal patterns can be found in Table SIII of
Note 6 within the Supplemental Material [35]. By arrang-
ing these meta-atoms along the x direction to enable the
transmission amplitude and phase distributions required
by the field envelope of the Airy beam, one can thus
construct the Airy-beam generator at terahertz frequen-
cies. The simulated electric field intensity distributions are
shown in Figs. 6(g) and 6(h), which are in accordance
with the theoretical analysis in Figs. 6(e) and 6(f). The
transmission efficiency for the two designed generators are
1.20 and 1.11, extracted at z = 3.0 mm (around threefold
wavelengths) away from HMSs.

III. CONCLUSION

To summarize, we design a building block of HMS
that can be used to independently control the electric and
magnetic dipole responses. The HMSs show the advan-
tages of introducing nearly arbitrary transmission ampli-
tude (0%–100%) and phase for the transmitted waves. This
thus extends the functionalities of previous HMSs that are
purposely designed to reflect, refract, or focus EM waves.
As a proof-of-concept demonstration, we design a series of
transmissive meta-atoms appearing as polynary amplitude
and binary-phase distributions. By arranging these meta-
atoms to follow the field envelope of the Airy beam, we
show that the assembled structures present the capability of
generating Airy beams with high transmission efficiency.
Such HMSs can be easily extended to higher frequencies
as well by scaling down the structural parameters, and we
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employ full wave simulations to demonstrate the gener-
ation of Airy beams at terahertz frequencies. The HMS
strategy is proven capable of increasing the transmission
efficiency of Airy-beam generation, with approximately
1 both in the microwave and teraterz frequencies, supe-
rior over the previously reported plasmonic-metasurface
scheme in the terahertz region. Our findings can inspire
the design of high-performance photonic components for
particular wave-front manipulation applications with the
requirement of flexibly tuning the transmission amplitude
and phase simultaneously.
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