
Sun et al. 2024 | https://doi.org/10.34133/research.0514 1

RESEARCH ARTICLE

Intelligent Transmissive Microwave Metasurface 
with Optical Sensing and Transparency
Ya Lun  Sun1†, Xin Ge  Zhang1†, Zhixiang  Huang2, Han Wei  Tian1,  
Tie Jun  Cui1,3*, and Wei Xiang  Jiang1,3,4*

1State Key Laboratory of Millimeter Waves, School of Information Science and Engineering, Southeast 

University, Nanjing 210096, China. 2Information Materials and Intelligent Sensing Laboratory of Anhui 

Province, Anhui University, Hefei 230039, China. 3Institute of Electromagnetic Space, Southeast University, 

Nanjing 210096, China. 4Purple Mountain Laboratories, Nanjing 211111, China.

*Address correspondence to: wxjiang81@seu.edu.cn (W.X.J.); tjcui@seu.edu.cn (T.J.C.)

†These authors contributed equally to this work.

Transmissive metasurfaces are essentially conducive to stealth, absorbers, and communications. However, 
most of the current schemes only allow microwave to transmit and generally adopt multilayer structures or 
thick dielectric substrates to improve the electromagnetic performance, restricting optical transmission and 
conformal application. In addition, most metasurfaces still require metal wires and external power suppliers 
for programmability. Here, we propose and design an intelligent transmissive microwave metasurface with 
optical sensing and transparency, which provides both microwave and optical channels without redundant 
optical devices and power suppliers, and the 2 transmission channels are associated with each other. The 
metasurface is realized by validly integrating photosensitive materials into microwave meta-structures. 
As a demonstration, we fabricate an ultrathin optically transparent transmissive metasurface based on 
polyethylene terephthalate substrate and photoresistors, whose thickness is only 0.125 mm. We further 
construct cross-wavelength transmission links based on the metasurface sample and experimentally 
validate that the microwave transmissions vary with light intensities under full-polarization and large-angle 
incidences, and this metasurface possesses high optical transparency. The intelligent transmissive microwave 
metasurface with optical sensing and transparency has potential applications in optical–microwave hybrid 
transmission devices and stealth technology.

Introduction

   Metasurfaces are ultrathin arti�cially manufactured 2-dimen-
sional (2D) metamaterials and are generally made of metal 
conductors and dielectric substrates in the early days [  1 ]. Due 
to their unique capabilities in manipulating electromagnetic 
(EM) waves to realize various particular functions, they have 
acquired extensive research interests. By regularly arranging 
elaborately designed metasurface units in array, metasurface is 
able to tune the amplitude, phase, and frequency of EM waves 
conveniently and rapidly [  2 –  7 ]. Furthermore, digital and pro-
grammable metasurfaces are capable of recon�guring EM waves 
in real time [  8 –  14 ], which have demonstrated great freedom in 
EM manipulation. In advanced information transmission, EM 
stealth, and electronic countermeasures, metasurface gradually 
reveals its distinctive capabilities, especially the stealth with 
transmission window [  15 –  17 ]. Nevertheless, vast majority of 
these metasurfaces are opaque substantially and the transmitted 
wave is microwave, which seriously restricts the e�cient utiliza-
tion of optical wavelength.

   In reality, capabilities of visibility and transparency are 
important for EM devices, because of the supplementary win-
dow for optical transmission. �us, numerous attempts have 

been made in optically transparent metasurfaces, which have 
great potentials in optical and EM stealth, integrated commu-
nications, absorbers, and lens [  18 –  28 ]. Recently, several optically 
transparent materials have been explored for EM metasurface, 
such as indium tin oxide, silver nanowires, polycarbonate, and 
polyethylene terephthalate (PET) [  26 –  33 ]. However, the EM 
performance and optical transparency are mutually restricted 
[  34 ,  35 ], leading to the low light transmittance of transmissive 
metasurfaces with complicated EM features. Nowadays, in addi-
tion to transparency, the adjustability and recon�gurability of 
metasurfaces appear more and more important gradually, like 
the graphene-based [  36 ] and varactor-integrated [  37 ,  38 ] opti-
cally transparent metasurfaces. �ese metasurfaces employ 
transparent materials as dielectric substrate and require metal 
wires and external direct current (DC) voltage sources to pro-
vide bias signals for integrated graphene and varactor, which 
will interfere with the EM performance of the metasurface 
and increase power dissipation. To remove the redundant DC 
voltage sources and realize low-power metasurfaces, research-
ers innovatively integrated photoelectric devices into meta-
surfaces to achieve optical–microwave coupling [  39 –  42 ], but 
these metasurfaces are unable to realize optical transmission. 
�us, how to realize low-power EM metasurfaces with �exible 
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microwave manipulation and optical transmission still remains 
challenging.

   In this article, we propose and realize an intelligent transmis-
sive microwave metasurface with optical sensing and transpar-
ency, which can supply an adaptive light-dependent microwave 
channel and a �exible optical channel simultaneously. �e 
microwave transmission amplitude of the metasurface can be 
remotely tuned by light in real time, and high optical transmis-
sion and physical �exibility can be achieved since the metasur-
face is designed by etching out thin copper wires on the surface 
of PET dielectric substrate. To realize the light-controllable 
microwave transmissions, each metasurface element is inte-
grated with photosensitive materials with tunable impedance, 
thus a�ecting the microwave transmission level. �e photosensi-
tive transmissive metasurface element is able to perceive light 
and tune microwave simultaneously. �erefore, the microwave 
transmission amplitude of the metasurface can be tuned by light, 
without redundant optical devices and power supply. Besides, 
the metasurface adopts single-layer ultrathin PET and the thick-
ness is only 0.125 mm, with good conformal properties, easy to 
be attached to windows, walls, and other objects.   

Results and Discussion
   �e intelligent transmissive microwave metasurface with optical 
sensing and transparency is shown in Fig.  1 , and such a meta-
surface has adaptively light-dependent microwave and �exible 
optical channels. It can transmit not only microwaves, but also 
optical waves, realizing cross-wavelength information transmis-
sion. Moreover, the microwave transmission depends on optical 
transmission, because the metasurface is sensitive to light inten-
sity and can regulate the microwave transmission amplitude by 
dynamic light adaptively. �us, when the illuminating light is 
closed, the microwave channel operates well. While illuminated 
by strong light, the optical channel works, and the microwave 
channel will be stopped adaptively. On the microwave channel, 
this metasurface allows microwave transmission with optical 
transparency. However, when it is necessary to avoid radar 
detection or protect internal electronic components from EM 
damage, the metasurface allows light transmission for optical 
communication, optical energy transmission, and illumination; 
meanwhile, it can realize microwave shielding automatically. 
�e metasurface unit is composed of a microwave resonator 
structured to respond to microwaves and photosensitive materi-
als such as photoresistors in response to the light intensity, in 
which the impedance changes by light; subsequently, the reso-
nance state of the metasurface unit is di�erent, thus tuning 
microwave amplitudes. �is material integration is simultane-
ously responds to the incident optical and microwave �elds, 
realizing dynamically manipulating transmission amplitude by 
light on a single-layer metasurface without additional optical 
devices or power components. �e distinctively designed meta-
surface unit is able to tune amplitudes under full polarization 
and large angle incidence. Moreover, this metasurface is manu-
factured by transparent thin materials as substrates, to obtain 
properties of optical transparency and �exibility. �erefore, the 
optically transparent and �exible transmissive metasurface �lm 
with light-dependent microwave and optical channels is able to 
be covered on windows and other non-planar objects without 
a�ecting visibility.        

   Importantly, compared with traditional transmissive meta-
surface, our intelligent transmissive microwave metasurfaces 

with optical sensing and transparency provide more diverse 
transmission windows including microwave and optical chan-
nels, which promises to bring more advantages in EM coun-
termeasures. In addition, the switch of microwave channel is 
dependent on optical channel, and transmission amplitudes 
can be tuned in real time completely and directly by light wire-
lessly, without redundant optical devices, power supplies, or 
complex control circuits. Besides, due to the optical control 
method and unique metasurface structure, the metasurface can 
adopt a single-layer ultrathin dielectric substrate instead of a 
multilayer structure with via holes, with good conformal prop-
erties and high optical transparency. �erefore, our metasur-
face has great potentials in cross-wavelength transmission and 
remote EM regulation, and provides a new approach for con-
structing optical microwave hybrid devices.

   To achieve good optical transmission and �exibility based 
on PET as the substrate, the photosensitive transmissive meta-
surface unit is mainly designed by using ultrathin and �ne cop-
per wires, as shown in Fig.  2 A. To realize good polarization 
insensitivity, we adopt an symmetric square structure to imple-
ment the metasurface unit, in which there are 2 concentric 
square rings made of copper wires. Between the 2 metal square 
rings, 4 identical photoresistors are arranged central symmetri-
cally, connected to the sides of meta square rings by metal short 
wires, and the distance from the center of the photoresistor to 
the 2 contiguous metal rings is the same. �is symmetric geom-
etry contributes to high polarization insensitivity. To ensure 
�ne �exibility and transparency, the thickness of PET (dielec-
tric constant 3.00, loss tangent 0.06) and copper wire is 0.125 
and 300 nm, respectively. �e width of all copper wires is 
smaller than 0.3 mm, to reduce the impact on light penetrability 
as much as possible, without destroying microwave functions 
of metasurface. Additionally, to achieve the wide-angle char-
acteristic, miniaturizing metasurface unit is a feasible solution, 
which has been veri�ed in previous works [  43 ,  44 ]. According 
to this miniaturized-unit scheme to realize angle insensitivity, 
we design a small-dimension metasurface unit (only 0.26 λ at 
2.6 GHz). �e subsequent simulation results demonstrate that 
our proposed metasurface unit has angle insensitivity with a 
maximum incidence angle of 60°. �e speci�c parameters of 
the metasurface unit are determined through simulation and 
optimization, to achieve the optimal manipulation of micro-
wave transmission. �e speci�c parameters are optimally deter-
mined as a = 30.0 mm, b = 29.0 mm, w = 7.0 mm, t 1 = 0.15 mm, 
 t 2 = 0.2 mm, t 3 = 0.25 mm (t 1, t 2, and t 3 indicate the width of 
copper wires). �ese integrated photoresistors are adopted as 
microwave tunable components and light perception simulta-
neously. �rough such integration of microwave unit and 
photosensitive materials, we can reach the light-adaptive micro-
wave regulation directly without extra voltage sources, optical 
components, or photoelectric conversion.        

   �e metasurface unit is simulated in the so�ware CST 
Microwave Studio, in which the scattering parameters of pho-
toresistor we used are experimentally measured. Under the 
illuminations of light, the resistance of photoresistor reduces 
to about 50 Ω from 200 kΩ, which tunes the transmission coef-
�cients (S 21) of the metasurface unit. When the light is turned 
o�, the resistance of the photoresistor is 200 kΩ, and then the 
microwave will be transmitted at the designed frequency band. 
When the light is turned on, the resistance of the photoresistor 
is 50 Ω, and then the microwave is hard to transmit due to 
impedance mismatch. However, at this state, the light can pass 
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through well due to the high transparency property of the meta-
surface. In this case, the transmission states of the microwave 
channel and optical channel are opposite. According to these 
measured scattering parameters of the used photoresistor for 
state “light on” and “light o� ” (see Fig.  2 B), in the unit cell 
boundary condition, the simulation is conducted and results 
are presented in Fig.  2 C and D. Due to the centrosymmetric 
structure of the photosensitive transmissive metasurface unit, 
it is able to regularly operate under the irradiation of full-polar-
ization microwave. Figure  2 C shows the S 21 curves under the 
TE polarized incidence of several di�erent angles like 0°, 30°, 
and 60°, respectively. While the angle is 0°, microwaves are 
vertically irradiated on the metasurface, and the amplitude dif-
ferences of S 21 between 2 states are 7 dB at 2.6 GHz and 13 dB 

at 3.2 GHz. �e S 21 curves under the TM polarized incidence 
shown in Fig.  2 D are basically consistent with that under the 
TE polarized incidence. �eoretically, at high frequencies, the 
photoresistor also has parasitic capacitance variable by light 
with resistance. Hence, we substitute the scattering parameters 
measured at high frequencies into the simulation of the meta-
surface unit, instead of elementary resistor–inductor–capacitor 
equivalent circuits. �erefore, the resonant peak frequency 
point of “light on” and “light o� ” is di�erent, shi�ing from 2.6 
to 3.2 GHz, meaning that the resonance state of the metasurface 
unit can be changed by light. During 1.5 and 2.91 GHz, the S 21
of state “light o� ” is greater than “light on”, and it is the opposite 
when the frequency is above 2.91 GHz. In the range of 2.28 to 
2.87 GHz and 3 to 3.4 GHz, the amplitude di�erences of S 21 are 

Microwave transmission

Light incidence

Intelligent transmissive microwave metasurface 
with optical sensing and transparency

Microwave incidence

Light transmission

Optical channel

Microwave channel

Optical sensor

Microwave incidence Microwave shielding
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materials

Fig. 1. Illustration of the proposed intelligent transmissive microwave metasurface with optical sensing and transparency. The intelligent transmissive microwave metasurface 
has adaptively light-dependent microwave and flexible optical channels. It is realized by integrating photosensitive materials into microwave meta-structure, which can respond 
to the incident optical and microwave fields simultaneously. Therefore, the transmission microwave amplitude of this metasurface is able to be tuned by light dynamically, 
without redundant optical devices and power suppliers, realizing light-dependent microwave transmission and optical transmission.
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larger than 3 dB. Furthermore, the elaborately designed metal 
square rings of the metasurface unit can certainly contain the 
angular dispersion; thus, this metasurface has a wide incidence 
angle and the maximum angle reaches 60°. It is obviously indi-
cated that resonant frequency points shi� slightly with inci-
dence angle increasing. Overall, under a 0° to 60° incidence 
angle, the S 21 di�erences are substantially similar at frequen-
cies near 2.6 and 3.2 GHz. �erefore, this proposed photo-
sensitive transmissive metasurface unit indeed has capabilities 
of responding to full-polarization microwaves with wide inci-
dence angles and tuning transmission amplitudes by light 
simulatively.

   Based on the realized photosensitive transmissive meta-
surface unit, we construct the metasurface to further explore 
its optical and microwave features. Comprehensively consid-
ering actual manufacturing and microwave performance, we 
arranged 13 × 13 metasurface units into a square array as the 
metasurface. By etching metal patterns on pet substrates and 
soldering photoresistors onto metal wires, this optically trans-
parent and �exible metasurface sample was fabricated. �e 
model of photoresistor is SG3624, which is surface-mount 

component packaging, with a size of 2.4 mm × 3.6 mm. �e 
size of this metasurface sample is 390 mm × 390 mm. As shown 
in Fig.  3 A, the whole metasurface is practically optically trans-
parent except for photoresistors, and it is an ultrathin �lm, so 
we can see the picture under the metasurface clearly. To accu-
rately demonstrate the transparency of the metasurface, we 
measured the light transmittance rate under di�erent wave-
lengths from 300 to 900 nm by using the Shimadzu UV-VIS 
spectrophotometer UV2600 (see Note S1 for the experiment 
on optical transmittance). �is spectrophotometer is a commonly 
used instrument for accurately measuring the transmission or 
absorption of a sample in di�erent spectra. In measurement, 
the sample needs to be placed in the sample chamber and cov-
ered with a lid to prevent interference of external light, and the 
experiment should be conducted in a dry environment for 
accurate measurement. Due to limited space of the sample 
chamber that requires the area of the measured �lm to be within 
4 cm × 4 cm generally, a metasurface unit sample was cut out 
to be measured instead of the whole sample. �e unit sample 
was placed vertically on the optical path to reduce optical 
re�ection and then the transmittance within the con�gurated 
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Fig. 2. The structure and simulation results of the metasurface unit and measured S-parameters of the photoresistor. (A) Overall view of the metasurface unit; 4 identical 
photoresistors are arranged central symmetrically between 2 metal concentric square rings. (B) The measured S11 and S21 curves of the used “SG3624” photoresistor. Simulated 
transmission amplitudes of the designed metasurface unit for 2 different states (“light on” and “light off”) under (C) TE and (D) TM polarized microwave incidence of several 
different angles like 0°, 30°, and 60°, respectively.
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spectral range was scanned and plotted as a curve. �e mea-
sured results are shown in Fig.  3 B. �is metasurface has a high 
optical transparency of about 80% over the whole visible wave-
length spectrum from 400 to 760 nm, basically not obstructing 
the normal transmission of visible light, because of the distinc-
tively designed single-layer dielectric substrate and slender 
metal wires. According to such results, the metasurface is veri-
�ed to have high light transparency, and as microwave devices, 
its impacts on antennas are worth considering as well. �us, 
we set up experiments in the anechoic chamber to measure the 
in�uence of this metasurface on antennas. �e metasurface 
sample is placed 0.9 m in front of the transmitting horn 
antenna, while the receiving horn antenna is located far away, 
as shown in Fig.  3 C. Figure  3 D shows the measured far-�eld 
patterns without and with the metasurface sample (“light o� ” 
state), respectively, at 2.6 GHz, and it is obvious that the pat-
terns of 2 cases are hardly di�erent except for a loss of 1.4 dB 
caused by the metasurface sample. �erefore, this metasurface 
has satisfactory optical and microwave transmission perform-
ance. On the other hand, this metasurface can be attached to 

other objects, intentionally transforming them to be light-
dependent microwave tunable objects conveniently, approxi-
mately without changing the original visibility and microwave 
performance.        

   As experimental veri�cations of the adaptively light-dependent 
microwave transmission channel, we further established a mea-
surement scenario, as shown in Fig.  4 A. �ere is a couple of 
horn antennas placed on di�erent sides of the metasurface 
sample, connected to the vector network analyzer as receiving 
and transmitting, respectively, with the same height and linear 
polarization. From the front view inset, we can observe that 
the metasurface sample is �xed on the absorbing surface with 
a rectangular window to transmit EM waves, to avoid measured 
error caused by interferences of irrelevant microwaves. �e 
distance between metasurface and 2 antennas is 1 m separately. 
�e state is “light on” when the metasurface sample is illumi-
nated by the light source and, conversely, “light o� ” without 
light. Additionally, to further verify its EM properties under 
wide angle incidence, we manufactured a cylinder model 
(shown in Fig.  4 C) with a radius of 21 cm and a wave model 
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(D) The measured far-field patterns of antenna without and with metasurface sample (“light off” state) at 2.6 GHz.
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(shown in Fig.  4 D) made of foam with a dielectric constant of 
around 1. �en, the metasurface sample was stuck on the sur-
face of the cylinder model and wave model, respectively; in this 
situation, the maximum incidence angle can reach 60°. �us, 
the wide-angle incidence performance can also be measured 
when the transmitting antenna irradiates on the metasurface 
vertically, and it is able to demonstrate the practical capability 
when conforming on complex surfaces.        

   �e measured results are shown in Fig.  4 B to D. According 
to the measured S 21 curves of the metasurface stuck on the 
plane surface in Fig.  4 B, we can investigate that the frequency 
point of the resonant peak about “light on” and “light o� ” is 
2.78 and 3.22 GHz, respectively, substantially consistent with 
simulation results. �e amplitude di�erences of S 21 at the 2 
frequency points are approximately 10 and 15 dB, respectively. 
From 2.48 to 3.02 GHz, the S 21 of state “light o� ” is larger than 
that of state “light on”, while during 3.16 and 3.38 GHz, the S 21 
of state “light on” is greater in contrast, and within the 2 fre-
quency bands, the transmission amplitude di�erences between 
2 states are beyond 3 dB. As to the metasurface sample con-
formed on the cylinder model and wave model, the measured 

 S 21 curves are similar to that of the plane model, indicating the 
e�ective angular stability. Besides, the actual manufactured 
square rings in the metasurface composed of ultrathin slender 
copper wires introducing additional resistances and the posi-
tion of metasurface and antennas both a�ect the measured 
results. On the other hand, each photoresistor integrated in 
the metasurface may not be completely identical on resist-
ance and required light intensity, causing certain in�uences. 
Consequently, the proposed photosensitive transmissive meta-
surface is able to respond to full-polarization microwaves with 
wide incidence angles and tune microwave transmission ampli-
tudes by light adaptively.

   To further demonstrate the potential function of this intel-
ligent transmissive microwave metasurface with adaptively 
light-dependent microwave and �exible optical channels, we 
structured a cross-wavelength transmission link based on the 
metasurface sample, as shown in Fig.  5 . �e transmitter is com-
posed of a microwave transmitting horn antenna and light 
source, while the receiver consists of a microwave receiving 
horn antenna and a universal so�ware radio peripheral (USRP) 
with a computer, as well as a luxmeter to measure the received 
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light intensity. �e metasurface sample is emplaced between 
the transmitter and the receiver. �e operating frequency of the 
microwave channel in this transmission link is con�gured as 
2.78 GHz. When the light is o� (the received light intensity is 
15.1 lux), the data (a �ower picture) transmitted from the micro-
wave transmitting horn can be received by the receiving horn 
and displayed on the screen, in which the microwave channel 
can operate successfully. When the light is on, the data cannot 
be received due to the microwave shielding by the metasurface, 
and the received light intensity is 16,920 lux, realizing the high-
e�cient optical transmission. In this cross-wavelength trans-
mission link, the microwave channel is adaptively dependent 
on the optical channel, while the optical channel is �exible, in 
which light is used to tune microwave and transmitted simul-
taneously. In this experiment, we use the on and o� switching 
of light to tune the microwave channel and demonstrate the use 
of the optical channel for illumination with high-e�cient optical 
transmission. When using rapidly varying light intensity signals, 
the optical channel remains open, and the microwave channel 
of the metasurface can still remain the closed state (Fig. S1), 
without a�ecting the microwave shielding function (see Note 
S2 for measurement of the response time of the metasurface). 
Due to the channel stability of our metasurface under high-
speed varying light, we can use the optical channel to transmit 
information based on varying light intensity signals, with micro-
wave shielding. As shown in Fig. S2, we conducted experiments 
of using the optical channel to transmit information. �e optical 
information transmission module composed of the �eld pro-
grammable gate array, the digital-to-analog converter, and a 
light source is located on the right side of the metasurface sam-
ple. �e receiving module is located on the le� of the metasur-
face sample, composed of a photoelectric detection circuit and 
an oscilloscope. �rough the optical channel of the metasur-
face, the data signals composed of multiple waveforms can be 
received and then recovered to digital information (see Note 
S3 for experiments using an optical channel to transmit 
information). In normal states, the microwave channel oper-
ates, allowing normal radio frequency communication. When 

it is necessary to avoid EM detection and destruction, the optical 
channel operates and the microwave channel is shielded adap-
tively; thus, we can alternatively use strong light to transmit 
information, supply energy for devices, and illuminate, without 
being severely a�ected by electronic countermeasures.        

   �ese application scenarios demonstrated above use the on 
and o� switching of light to switch the state of the microwave 
channel, to realize intelligent microwave amplitude control. In 
addition, in certain applications, metasurfaces require the capa-
bility of quickly responding to varying light intensity for fast 
signal conversion and information transmission [  6 , 7 , 39 ]. In 
this case, instead of photoresistors, photosensitive materials 
with high-speed response (such as Si, InGaAs, and CdTe) can 
be used in our metasurface, which is able to respond to rapidly 
varying light intensity signals; thus, it can be used for quick 
conversion of light to microwave and hybrid wireless commu-
nication. �e photosensitive materials loaded on the metasur-
face can be selected according to usage scenarios. �erefore, 
our intelligent transmissive microwave metasurfaces with opti-
cal sensing and transparency can indeed be employed in cross-
wavelength transmission and active EM shielding.   

Conclusion
   We proposed and experimentally veri�ed an intelligent trans-
missive microwave metasurface with optical sensing and trans-
parency, which can tune the transmission amplitude by light 
dynamically, under full-polarization microwave incidence with 
wide angles, able to provide adaptively light-dependent micro-
wave and �exible optical channels. �e metasurface is con-
ducted based on PET, and 4 photoresistors are integrated into 
each metasurface unit, which is able to change impedances 
according to light intensity, thus regulating microwave ampli-
tudes and realizing the combination of microwave and photo-
electricity. Composed of 13 × 13 metasurface units, we have 
presented and fabricated a practical transparent and �exible 
transmissive metasurface, and further constructed a cross-
wavelength transmission link with light-dependent microwave 
and �exible optical channels based on the metasurface sample. 
Both measured and simulated results validate �ne perform-
ances of this metasurface, and the transmission amplitude dif-
ferences dependent on light intensity around 2.78 and 3.22 GHz 
exceed 9 dB, allowing a maximum conformal angle of 60°.

   Compared to conventional transmissive metasurfaces, our 
proposed intelligent transmissive microwave metasurface with 
optical sensing and transparency can not only provide control-
lable microwave transmissions, but also provide extra optical 
transmission channel; more importantly, the microwave chan-
nel is dynamically associated with the optical channel. �e 
metasurface is able to simultaneously respond to light and 
microwave without extra optical devices and power compo-
nents, and the transmission amplitudes vary with light inten-
sities �exibly. �is metasurface shows special potentials 
in low-power optical and microwave hybrid devices and �ex-
ible optical sensor components. Moreover, this metasurface 
provides a new approach for intelligent EM stealth and multi-
domain transmission.   
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