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energy with 100% efficiency can be very 
useful in energy harvesting and invisi-
bility-related applications.[2–4] Moreover, it 
is even more fascinating if one can com-
bine those two functionalities into one 
single device, which can behave either as 
an ideal filter (as shown in Figure 1a) or a 
perfect absorber (as shown in Figure 1b), 
controlled dynamically by certain external 
knobs. Such tunable devices can be poten-
tially useful in many application scenarios 
(e.g., smart radar radomes and solar cells), 
but are extremely challenging to realize 
since the two EM-wave properties (i.e., 
scattering and absorption) of an ultrathin 
slab are strongly coupled with each other. 
In fact, early theoretical studies have 
demonstrated that the largest absorption 
enabled by an ultrathin screen is 50% (as 
shown in Figure 1c,d),[5] not mentioning 
further difficulties in making the device 
actively tunable.

Recent developments on metasurface (particularly on tunable 
metasurfaces) provide possible solutions to make such optical 
devices. Metasurfaces,[6–12] ultrathin metamaterials composed by 
planar meta-atoms with tailored EM properties, have exhibited 
strong abilities to control EM waves,[6,7,13–16] with perfect trans-
mission[17] and absorption[18] of EM waves both realized. With 
active elements integrated, one can further construct tunable 
metasurfaces with dynamically controlled functionalities[19–29] 
including tunable absorbers and filters. However, most tun-
able metadevices realized so far are based on reflection geom-
etry[20–23,26–29] which are relatively easy to design, since only two 
channels exist in such systems for EM waves to radiate or dis-
sipate (i.e., the reflection port and absorption).[30] In contrast, 
high-performance tunable metadevices in transmission modes 
are rarely seen, not mentioning those exhibiting dynamically 
switched dual functionalities. The intrinsic physics is that a trans-
missive metasurface has three channels (i.e., transmission and 
reflection ports, and absorption) to transport/dissipate energy, 
which must be carefully balanced to yield the desired function-
alities (i.e., perfect transmission or perfect absorption). However, 
the competitions between these three channels are very compli-
cated, which make a transmission-absorption switchable metade-
vice very difficult to realize, especially on an ultrathin platform.

In this paper, we design and experimentally realize such a 
metadevice with ultrathin thickness. In Section 2, we start from 
examining the EM properties a trilayer metasurface with PIN 
diodes loaded and controlled by the same voltages, and show 
that such a device cannot exhibit freely controlled transmission 
and absorption properties. We next employ the coupled-mode 

A thin screen exhibiting dynamically switchable transmission/absorption 
functionalities is highly desired in practice. However, a trilayer transmissive 
metasurface with active elements controlled in a uniform manner cannot 
exhibit independently controlled transmission and absorption properties due to 
intriguing interplays between the scattering and absorbing properties in systems 
exhibiting inversion symmetries. This motivates to employ the coupled-mode 
theory to establish a generic phase diagram for such transmissive metasur-
faces with active elements loaded in different layers tuned independently and 
to guide researchers design tunable metadevices with completely decoupled 
transmission/absorption responses. Based on such a phase diagram, a micro-
wave metasurface is designed/fabricated with PIN diodes incorporated, and it is 
experimentally demonstrated that its functionality can switch from perfect trans-
parency to perfect absorption, controlled by external voltages applied across the 
diodes. In addition to finding immediate applications in practice (e.g., smart 
radomes), the results of this study also provide a new type of tunable meta-atom 
for building metasurfaces with flexible wave-front control abilities.
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1. Introduction

Manipulating electromagnetic (EM) waves in predesigned man-
ners are of great importance, due to many different applica-
tion requests in practice. For example, a thin screen that allows 
perfect transmission of EM waves within a certain frequency 
interval is highly desired in applications related to EM-wave 
filters and radar radomes,[1] while a thin film that absorbs EM 
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theory (CMT)[31–34] to reveal that such issue is caused by the 
intrinsic correlations between transmission and absorption 
properties of ultrathin systems with inversion symmetries  
(Section 3). We further employ the CMT (Section 4) to establish 
a generic phase diagram for such trilayer metasurfaces with 
upper and bottom layers controlled in different manners, and 
reveal the critical role of such actively inserted asymmetry to 
decouple these two strongly connected properties. As a proof 
of concept, we finally design and fabricate a tunable microwave 
metasurface based on the generic phase diagram, and experi-
mentally demonstrate that it exhibits the desired dual function-
alities, dynamically controlled by appropriate voltages applied 
across the PIN diodes incorporated. Our results not only pro-
vide new solutions to dynamically control the transmission and 
absorption of EM waves which may find many applications 
in practice, but also offer a new type of active meta-atom for 
building transmissive metasurfaces to dynamically manipulate 
EM wave fronts.

2. Experimental Characterizations on a Symmetric 
Metasurface

As schematically shown in Figure 2a, we start from examining 
the EM properties of a trilayer metasurface with active elements 
incorporated and controlled in the same way. We choose such 
ABA geometry to build our passive metasurface since such struc-
ture is proven to allow perfect transmission of EM waves within 
a certain frequency interval under appropriate conditions.[1] 
Specifically, the passive metasurface consists of a metallic mesh 

layer (B layer) sandwiched by two layers of metallic patches  
(A layer). To make the metasurface actively tunable, we insert 
PIN diodes (SMP1321-079) into those gaps between two metallic 
patches on two A layers. As shown in Figure 2a, we apply the 
same bias voltage (Vg) across each PIN diode, which can tune the 
dynamic resistance RD (see inset to Figure 2b for equivalent cir-
cuit model of the PIN diode), and in turn, the EM properties of 
the patch resonators in two A layers. We fabricate a sample (see 
Figure 2b for its picture) and then experimentally characterize 
its EM properties as varying the bias voltage Vg. In our measure-
ments, we illuminate the sample at a small incidence angle (≈ 5°)  
by a x-polarized plane wave emitted from a horn antenna, and 
then collect the reflected and transmitted signals by another 
horn antenna. Both source and detecting horn antennas are con-
nected to a vector-field analyzer (Agilent E8362C).

Figure 2c–g depicts how the measured transmittance/reflec-
tance spectra vary against the bias voltages applied. When 
the PIN diodes are unbiased (Vg = 0 V) indicating that each 
diode has a maximum resistance RD  ≈ 1 × 106 Ω, the meta-
surface exhibits a transparency window (5.8 − 7.4 GHz) with 
two perfect transmission peaks, caused by the resonance-
induced transparency in ABA structures.[1] Meanwhile, the 
metasurface exhibits negligible absorption, as expected. As Vg 
increases, transmittance through our metasurface drops con-
tinuously with two peaks remaining at the same frequencies. 
At a threshold bias voltage (Vs = 0.55 V), the PIN diodes exhibit 
small-enough resistances (RD  ≈ 273 Ω) to electrically connect 
two adjacent metallic patches, which completely eliminates 
the original resonances supported by two A layers. As a result, 
the transmittance spectrum of our metasurface stops showing 
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Figure 1. Schematics and working principles of the active optical transparent window. a) ON-state is an ideal filter and b) OFF-state is a perfect 
absorber. c,d) Working status of conductive surface with σ = 0 (perfect transparent) and σ = 2/ (Z0h) (maximum absorption A = 50%.). Z0 is the vacuum 
impedance and h is thickness of conductive surface in free space (see Section SI in the Supporting Information).
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any transparency feature at Vg > Vs, simply because the reso-
nances in A layers are killed by electric shorting. All experiment 
results are in excellent agreement with finite-difference-time-
domain (FDTD) simulations on realistic systems, in which an 
equivalent circuit consisting of a capacitor (CD) and a resistor 
(RD) (see Figure 2b) is adopted model for the PIN diode. In 
our simulations, we set CD as 0.15 pF according to ref. [35], and 
obtained the relation of R V~D g  directly from the experimental 
IV curves. (Experimental data in very good agreement with the 
Shockley equation, see Section SIV in the Supporting Informa-
tion for details). Our experimental results clearly demonstrate 
that a full-range transmittance modulation can be achieved 
through tuning the bias voltage.

On the other side, the absorption spectrum of our metasur-
face exhibits a distinct Vg dependence compared to the trans-
mittance spectrum. As illustrated in Figure 2h–l, as Vg increases 
from 0 to 0.55 V, a peak appears in the absorption spectrum 
(defined as A = 1 − |t|2 − |r|2) and its strength increases monoton-
ically along with the decrement in transmission. However, as 
Vg further increases to exceed a critical value (0.55 V), the peak 
absorption value starts to drop in the same manner as the trans-
mittance, indicating that such a system exhibits a maximum 
absorption (A ≈ 66%) at a critical bias voltage (Vg = 0.55 V).  
Compared with the single conductive sheet with maximum 
absorption A = 50%, our trilayer metasurface can achieve an 
enhanced maximum absorption, but the achieved value is still 
much less than 100%.[36] Obviously, as Vg > 0.55 V, the reflec-
tance starts to increase dramatically, which explains why we 
cannot further enhance A through suppressing T.

3. CMT Analyses on Experimental Results

To understand the intriguing experimental results reported 
in last section, we employ a CMT model to analyze the EM 
properties of such tunable metasurfaces.[31–33] Noting that the 
metallic mesh can well block EM waves at frequencies below 
25 GHz (the cutoff frequency of the mesh),[37] thus severing as 
an optically opaque background for the whole system, and the 
patches on two A layers provide two electric resonances, we can 
describe such a system as a two-port model with two resona-
tors embedded inside an opaque background (see Figure 3a). 
Therefore, according to the CMT model,[32,33] we find that the 
time evolution of the amplitudes ai (i = 1, 2) of two resonant 
modes (contributed by two A layers) are governed by the fol-
lowing equations
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where f1 and f2 are the resonating frequencies of two modes, 
Γi and i

AΓ  are the radiation and absorptive decay rates of the 
ith mode (i = 1, 2), dni describes the coupling between the ith 
mode and the nth external port (n = 1, 2 stands for the reflec-
tion and transmission ports, respectively), κ denotes the 
near-field coupling between two “modes” through the evanes-
cent-wave overlapping across the metallic mesh, and X  denotes 
the interactions between two resonant modes at the far field. 
We note that X and Γi are not independent parameters, but 
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Figure 2. Sample design, fabrication, and experimental characterization. a) Scheme of the trilayer structure (metallic mesh layer (B layer) sandwiched 
by two layers of metallic patches (A layer)) with optimized geometric parameters of p = 8 mm, l = 6 mm, w = 1 mm, h = 1 mm, and a = 1.75 mm.  
b) The photograph of the fabricated sample. Inset shows the enlarged view of the unit cell and equivalent circuit of the PIN diode. c–l) The transmittance 
(blue), reflectance (red), and absorption (green) with different bias voltages or equivalent resistances of PIN diodes, obtained by experiment (symbols), 
FDTD simulation (curves), and CMT mode (short dot).
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are correlated with each other via X d d d d( )/2* *
11 12 21 22= − +  and 

Γi = (|d1i|2 + |d2i|2)/2.[32,33] Moreover, while Equation (1) applies 
to general two-mode systems without any restrictions, for the 
cases studied in last section, we have the following relations 
between different parameters: f1 = f2, Γ1 = Γ2, 

A A A
1 2Γ = Γ = Γ . 

Therefore, we have totally four independent model parameters, 
which are f1, Γ1, ΓA, and κ. Here, f1, Γ1, and κ are determined by 
the unbiased resonant structure (the original structure plus the 
PIN diodes but with inserted resistance set to infinity), while 
ΓA (the absorption decay rate of the resonator) is mainly deter-
mined by the resistance of the PIN diode. The PIN diode we 
used contains a capacitor in parallel connection with a resistor 
whose resistance can be dynamically tuned by the bias voltage. 
Within the tuning range of the resistance (91 Ω to 1 MΩ), we 
can approximately treat the effect of the resistor as a perturba-
tion to the whole system. Based on the perturbation theory,[38] 
we finally derived a semianalytical relation between ΓA and RD, 

showing that ΓA is inversely proportional to RD (see Section SIV 
in the Supporting Information for details). However, lacking 
analytical forms of other three parameters, here we chose to 
determine all four independent model parameters from fitting 
with FDTD results, for the sake of consistency.

We diagonalize the matrix (see Section SII in the Supporting 
Information) in Equation (1) containing the near-field coupling 
κ, and arrive at the following equation to determine the evolu-
tions of amplitude a±  (tilde (∼) denotes CMT parameters for 
collective modes) of two resulting collective modes
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where f f 1 κ= −−  and f f 2 κ= ++  are the eigenfrequencies 
of two collective modes with radiation decay rates given by 
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Figure 3. CMT model and theoretical analysis. a) Scheme of two resonators system coupled with two ports in opaque background. b) Retrieved 
relationship between absorptive decay rate (ΓA) and gate voltage Vg. c) Transmission, d) reflection, and e) absorption of the symmetric mode and 
antisymmetric mode as a function of gate voltage Vg. f) Amplitude of symmetric and antisymmetric collective mode as a function of gate voltage Vg.
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 XS
1Γ = Γ +−  and  XS

2Γ = Γ −+ ,  

A A AΓ = Γ = Γ+ −  are the absorptive 
decay rates, and subscript “+” denotes the symmetric mode  
(  d d1 2=+ +) and “−” denotes antisymmetric mode ( d d1 2= −− −). 
Through standard CMT analyses, we find that the transmission 
coefficients and reflection coefficients are given by
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Here, we have assumed for simplicity that the transmission 
through the background (i.e., the metallic mesh) is essentially 
0, while the reflection from the background is −1, which is a 
reasonable assumption at frequencies far below the cutoff.

All experimental/numerical results depicted in Figure 2 
can be well described by the CMT (i.e., Equations (3) and (4)) 
through carefully determining four fitting parameters (f1, Γ1, 
ΓA, and κ). As the starting point, for the unbiased (Vg = 0 V)  
metasurface, we find that the fitting parameters should 
be set as f0 = f1 = f2 = 6.6, Γ1 = Γ2 = 0.54, ΓA = 0, κ = − 0.8,  
|d11|2 = |d22|2 = 1.07, |d12|2 = |d21|2 = 0.01, all in units of GHz. 
The transmission/reflection/absorption spectra computed via 
Equations (3) and (4) with above fitting parameters are plotted 
in Figure 2c,h, which are in excellent agreement with both sim-
ulation and experimental results.

To reveal the underlying physics more clearly, we rewrite the 
transmission/reflection coefficients (t and r) and the absorption 
(A) of our system as the following independent-oscillator forms
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where  


a i f fj j
S

j j
S A/( ( ) )= Γ − + Γ + Γ  with j = + (−) denoting 

the collective mode with symmetric (antisymmetric) wave func-
tion (see Section SII in the Supporting information). Through 
carefully examining Equation (5), we find that ΓA is the only 
parameter tuned by the external bias voltage Vg, which must 
play an important role in manipulating the EM response of our 
system. We retrieved the ΓA ∼ Vg relation (see Figure 3b) by fit-
ting the CMT spectra with the FDTD ones (see dashed curves in 
Figure 2c–l and see CMT fitting parameters in Section SV in the 
Supporting Information). Obviously, ΓA is an increasing func-
tion of Vg since increasing Vg decreases the inserted resistance 
of PIN diodes and thus enhances the absorptive decay rate of the 
resonator. Such VA ~ gΓ  dependence is also proven by the semi-
analytical model shown in Figure S7c of Section IV in the Sup-
porting Information. By inserting VA ~ gΓ  relation at the working 
frequency (f0) into Equation (5), we obtain the t f Vj ( ) ~0 g, 
r f Vj ( ) ~0 g and A f Vj ( ) ~0 g relations as shown in Figure 3c–e. To 
better illustrate the physics, we plot in Figure 3c,d how the com-
plex transmission and reflection coefficients vary as changing Vg 
in the complex plane (i.e., the Smith curves). We find that the 
transmission of our system decreases against ΓA monotonically, 

but the absorption shows a nonmonotonic dependence on Vg, 
which reaches a maximum at a critical value Vg = 0.55 V.

We now establish a clear picture to understand the intriguing 
experimental behaviors reported in last section, based on our 
simplified model (Equation (5)). Obviously, the strengths of 
two collective modes (i.e., a j) directly determine the trans-
mitted signal since there is no background transmission (due 
to the presence of the metallic mesh) and re-emissions of these 
“modes” are the only sources to generate the transmitted signal. 
Enhancing the bias voltage Vg increases the intrinsic absorp-
tion inside the resonator, which, in turn, suppresses the mode 
amplitude a j (see Figure 3f). As the result, the transmission 
is naturally diminished, which exhibits a monotonic depend-
ence on Vg. However, the same arguments do not apply to the 
absorption A of the system, since the absorption of a collective 
mode, A aj

A
j2 | |2= Γ , depends not only on the mode strength 

a j  but also on the damping rate ΓA. An interesting fact is that a j 
and ΓA exhibit opposite dependences on Vg, and therefore, their 
competitions lead to a nonmonotonic Vg dependence of A. In 
particular, such intriguing competition dictates that the absorp-
tion can never reach 100%, but exhibits a maximum at a certain 
critical bias voltage.

The underlying physics is ultimately connected with the 
intrinsic correlations between transmission, reflection and 
absorption properties of systems exhibiting inversion symme-
tries. As clearly shown in Figure 3c,d, the inversion symmetry 
possessed by the system (with or without external bias voltage) 
impose the following strict constraints on the re-radiations of 
two collective modes to two different ports: r+ = t+ and r− = −t−. 
It is such symmetry-protected property that links the transmis-
sion coefficient t with the reflection coefficient r. In particular, 
although increasing Vg can decrease t through diminishing 
two scattering amplitudes t+ and t− (see Figure 3c), it also sup-
presses the strengths of r+ and r−, which results in enhanced 
reflection (r = − 1 + r+ + r−, see Figure 3d). Such opposite  
Vg-dependences of |t| and |r| are the key reason accounting for 
the nonmonotonic Vg-dependence of the absorption A.

4. General Phase Diagram for Trilayer  
Tunable Metasurface

In last section, we already see that the inversion symmetry pos-
sessed by the metasurface imposes strict constrains on transmis-
sion and absorption properties of the system. Therefore, in order 
to realize full-range and independent manipulations on the trans-
mission and absorption properties of a given system, we have to 
break the inversion symmetry of the system. Here, we keep using 
the symmetric ABA system as our basic structure, since it exhibits 
perfect transparency without external control. However, we 
choose to impose different voltages (Vg,1 ≠ Vg,2) on the PIN diodes 
loaded in two different A layers (see Figure 4a), which leads to 
different damping rates A A

1 2Γ ≠ Γ  in our CMT model. Under such 
a biasing condition, we find that the evolutions of the symmetric 
and antisymmetric mode amplitudes a± are governed by
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where  

A A A A( )/21 2Γ = Γ = Γ + Γ+ −  are the absorptive decay rates of 
the two modes and X A

A A( )/21 2= Γ − Γ  is absorption cross-cou-
pling between two modes, caused by the inserted asymmetry. 
Solving Equation (6), we obtain the following expressions for 
the transmission and reflection coefficients
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where     W i f f t r W W W Xj j j
S

j
A

A( ) , /( )S 2= − + Γ + Γ = = Γ −+ + − + + − ,  
   t r W W W XS

A/( )2= − = − Γ −− − + − + − . It is worth noting that tj and 
rj take different forms as those in Equation (5) due to the 
appearance of the cross-coupling damping rate X A, although 
they possess similar physical meanings as those defined 
in Equation (5). Meanwhile, two new terms appear in such 
asymmetric cases, which are 

 
  r X d d W W XX A A2 /( )1 1

2= −− + + −  
and 

   
  t X d d d d W W XX A A( )/( )1 2 1 2

2= + −− + + − + − , denoting the  

cross-coupling terms in reflection and transmission coeffi-
cients, respectively. Considering further the symmetry proper-
ties of two collective modes (  d d1 2=+ + and  d d1 2= −− −), we find 
that tX is strictly zero while rX is not zero.

We now employ Equations (7) and (8) to compute how the 
transmission and absorption of our metasurface (calculated at 
the frequency f0 = 6.6 GHz) vary against two damping param-
eters ( A

1Γ  and A
2Γ ), and depict the obtained results in two phase 

diagrams shown in Figure 4b,c. Interestingly, we find that now 
the transmittance and absorption of our system can be inde-
pendently controlled within full ranges via tuning two bias 
voltages (and thus A

1Γ  and A
2Γ ) appropriately. As shown in 

Figure 4b, perfect transmission occurs as A A, 01 2Γ Γ →  (denoted 
as state I), while the transmittance decreases significantly as we 
increase either A

1Γ  or A
2Γ  (or both of them). Meanwhile, the 

absorption exhibits much more intriguing and richer behav-
iors. As shown in Figure 4c, perfect absorption (A ≈ 100%) only 
occurs inside a specific region with damping parameters sat-
isfying A 4 GHz2Γ → and A 0.54 GHz1Γ → (denoted as state 
III), while the calculated absorption decreases significantly 
as leaving that region no matter one increases and decreases 
the damping rates. We note that perfect absorption can never 
happen along the line satisfying A A

1 2Γ = Γ , in consistency with 
our experimental results reported in last section for the sym-
metrically biased system. However, in present case with two 
bias voltages varying independently, we can choose any appro-
priate path connecting two states in the phase diagram to 
realize the functionality transition from perfect transparency 
(state I) to perfect absorption state (state III).

Without losing generality, we select one specific path to illus-
trate the underlying physics. We define an intermediate state 
as the state II (with A 0 GHz1Γ = and A 4 GHz)2Γ =  to connect 
the states I and III through two straight lines (see the path 
defined in Figure 4b,c). With the VA ~ gΓ  relation known (see 
Figure 3b), we thus unambiguously know how the two bias 
voltages (Vg,1 and Vg,2) vary along the path. To make clear com-
parisons with the symmetric cases (Figure 3c,d), we purposely 
depict in Figure 4d,e as Smith curves how the complex ampli-
tudes t+, t−, and r+, r− vary along the path defined in Figure 4b,c. 
It is not surprising to see that all Smith curves in Figure 4d,e 
contain two segments, which correspond to the evolutions of 
these complex amplitudes along the I–II path and the II–III 
path. Comparisons between Figures 4d,e and 3c,d reveal clearly 
the role played by the asymmetry-induced term rX. Similar to 
the symmetric case, here in asymmetric case, we also find that 
the strength of |r+ + r−| decreases along with the vanishing of 
|t+ + t−|. However, here we have an additional rX to cancel the 
background reflection term −1 (see Equation (8)), which breaks 
the intrinsic correlation between t and r. As the result, through 
purposely adjusting this term, we can suppress both the trans-
mission and reflection simultaneously to finally achieve perfect 
absorption under particular condition.

We now experimentally verify the above predications. As 
schematically depicted in Figure 4a, we apply different bias volt-
ages on PIN diodes in two A layers following the requirement 
discussed above, and measure the transmittance/reflectance 
spectra of the metasurface. First, keeping Vg,1 = 0 V, we increase 
Vg,2 continuously from 0 to 0.6 V, driving the system to transit 
from state I to state II. The measured transmittance spectra of 

Adv. Optical Mater. 2020, 8, 1901548

Figure 4. Geometry and working mechanism of our metasurface with 
applying bias voltages to two sides independently. a) Scheme of how the 
bias voltages are applied independently. Phase diagrams of b) transmis-
sion and c) absorption vary against absorptive decay rates ( 1

AΓ  and 2
AΓ ). 

d) Smith curves of t+ and t− along the solid line path of indicated in the 
phase diagram. e) Smith curves of r+, r−, and rX along the solid line path 
of indicated in the phase diagram.
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our system are depicted in Figure 5a,b as blue lines. In consist-
ency with our theoretical predictions, the peak transmittance of 
the system changes from nearly 100% to nearly 0 upon varying 
bias voltages along this line. Meanwhile, we note that the reflec-
tance increases substantially and thus the total absorption does 
not reach 100% in state II, which is also consistent with the the-
oretical prediction. Next, we keep Vg,2 unchanged but increase 
Vg,1 from 0 to 0.53 V, which corresponds to the path from state 
II to state III as shown in Figure 4b,c. Measured transmittance/
reflectance/absorption spectra of our system at the state III 
are depicted in Figure 5c,f, indicating clearly that the system  
(at this state) can indeed absorb EM waves completely sup-
pressing both transmission and reflection, within the working 
frequency window. These results unambiguously demonstrated 
that we can switch the device’s functionality from perfect 
transparency to perfect absorption with asymmetric biasing 
controls along the path defined in Figure 4b,c. Certainly, one 
can also choose other paths linking states I and III to achieve 
the desired functionality switching. Finally, we also performed 
FDTD simulations on the studied cases, and then retrieved 
the CMT parameters from the simulated spectra. The spectra 
obtained by FDTD simulations and the CMT model match very 
well with experimental results (Figure 5a–f).

5. Conclusion

To summarize, we employed the CMT to establish a general 
phase diagram for trilayer metasurfaces with loaded PIN diodes 
controlled asymmetrically, revealing the crucial role of inserted 
asymmetry from external controls in delinking the intrinsic 
connections between transmission and reflection properties 
of such ultrathin systems. Based on the phase diagram, we 
proposed an asymmetric biasing approach to realize a tunable 
transmissive metadevice with functionality switchable from 
perfect transparency to perfect absorption, and experimen-
tally demonstrated the concept in the microwave regime. Our  
results can not only find immediate applications in practice, but 

also provide a new type of tunable meta-atoms for building tun-
able metadevices with dynamically controlled functionalities.
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Supporting Information is available from the Wiley Online Library or 
from the author.
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