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ABSTRACT: Reconfigurability is a crucial capability for electromagnetic devices to achieve high flexibility in accommodating various
scenarios. In this study, we present a reconfigurable microwave rasorber with dynamically tunable helicity polarization for the passband
wave using a compound unit cell composed of two-bit chiral meta-atoms. Our specific samples demonstrate low reflectivity (< —10 dB)
across the entire C-band, while also offering four distinct states (two-bit) for the passband (reflection/transmission) wave in a narrow
window around 6.25 GHz, including circular polarization control or complete blockage. We experimentally demonstrated the switching
capability for both chirality and intensity of the passing band wave. These results are significant in expanding the application scenarios

of rasorbers with more versatile polarization controllability.

1. INTRODUCTION

-band (including 5G) is distinguished by its high speed,

low latency, high reliability, and high communication den-
sity and is gaining significant attentions in military technolo-
gies [1], particularly in areas such as time-sensitive target-
ing, covert special operations, command and control [2], train-
ing [3], and logistics. Besides the wide coverage capabilities
and cost-effective communication solutions, C-band satellite
beams are resilient to weather disturbances, making them ideal
for ensuring consistent service availability [4, 5]. To counter-
act the reconnaissance radar detection for military equipments
working in this band, frequency-selective rasorbers (FSRs) [6—
10] having transmission windows [7, 8] for external communi-
cation are highly desired in practice. Moreover, in wireless ap-
plications that require minimized mutual interference and cou-
pling, as well as a low radar cross section (RCS), an FSR fea-
turing a reflection window [9, 10] is integrated with antennas
to facilitate RCS reduction. Considering various application
scenarios, active components like varactors or pin diodes have
been utilized to realize tunable [11-13] or switchable [14—18]
transmission windows. More comprehensive functions can be
achieved by combining them together, such as dual-mode FSR
that can switch a tunable transmission window into a reflection
window [19] or a broad absorption band [20]. Graphene can
be integrated into an FSR to have a tunable transmission ampli-
tude [21]. These FSRs mostly work for the incidence of linearly
polarized (LP) waves. In practice, there is a possibility of po-
larization rotation, as well as movement of the antenna position
(with respect to the source). Circularly polarized (CP) antennas
are well suited for dealing with these complex situations, offer-
ing flexibility for robust wireless communication [22, 23]. Fur-
thermore, certain receiver antennas are sensitive to left-handed
circularly polarized (LCP) or right-handed circularly polarized
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(RCP) waves, underscoring the importance of controlling the
chirality of the electromagnetic wave to ensure compatibility
with diverse systems [24].

Chiral windows in the FSR have the practical significance
by transmitting the LCP or RCP wave and completely block-
ing the others with opposite handedness [25-27]. These chiral-
sensitive planar devices can be engineered by arrays of artificial
meta-atoms without mirror and inversion symmetries [28-31].
By incorporating tunable elements, such as phase-transition
materials or pin diodes, their functionality can be further ex-
panded to achieve more versatile wave control [32-34]. In
this work, we present a microwave chiral rasorber having a re-
configurable reflection/transmission window in the C-band (4—
8 GHz), which can transmit LCP or RCP wave or even com-
pletely block it by controlling the state of metamaterial com-
prising two-bit meta-atoms. We utilize a pair of PIN diodes in
the meta-atoms to actively modulate symmetries, and thus, chi-
ral responses by controlling the coupling of localized electric-
magnetic dipolar resonant modes. Experimentally, our rasor-
bers show a wideband reflectivity less than —10 dB from 3.7 to
8.8 GHz, and simultaneously possess a variable reflection win-
dow around 6.25 GHz by offering four different states, namely
the LCP, RCP, LP wave or complete blocking. These results are
of practical importance by providing comprehensive polariza-
tion manipulation capabilities for the conventional band control
for microwave rasobrers.

This paper is organized as follows. Section 2 discusses the
unit cell of the reflective/transmissive switchable chiral polar-
izer and the design algorithm exploiting Jones matrix. Sec-
tion 3 describes the design method of the FSR implementing
the equivalent circuit model (ECM) and then comparing with
the full-wave simulation, followed by the analysis of reflec-
tive/transmissive switchable chiral rasorber. Section 4 focuses
on the experimental setup and discussion of the measured re-
sults, and Section 5 provides the conclusive remark.
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FIGURE 1. Unit-cell of the reflective switchable chiral polarizer; (a) top view, and (b) perspective view.
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FIGURE 2. Simulated reflection for the reflective switchable chiral polarizer. (a) LCP polarizer: the pin diodes on the right side of the mirror-symmetry
axis are under on-state, and (b) RCP polarizer: the pin diodes on the right side of the mirror-symmetry axis are under off-state.

2. REFLECTIVE/TRANSMISSIVE SWITCHABLE CHI-
RAL POLARIZER

2.1. Reflective Switchable Chiral Polarizer

The reconfigurable rasorber is made of an FSR with a trans-
mission window and a switchable chiral polarizer. Firstly, we
design a reflective chiral polarizer with certain bandwidth in the
C-band. Figs. 1(a) and (b) depict the schematic of four unit cells
of the chiral polarizer design in the form of a metal-insulator-
metal (MIM) configuration. The top metasurface is composed
of metallic split-ring patterns, whose electromagnetic response
could be freely modulated by the length of their arms and gap
sizes. In order to gain different responses for the LCP and RCP
waves (i.e., the chiral-sensitive behavior), the mirror symme-
try of the unit cell needs to be violated, which is realized by
using two pin diodes (blue color) embedded symmetrically in
the two arms of meta-atoms. These lumped active elements act
as a small resistor under forward bias voltage (on-state) or as a
capacitor under zero bias voltage (off-state), corresponding to a
short and open circuit, respectively [14—18]. When they work at
different states, the unit symmetry breaks, and the chiral effect
takes place. As such, the response for the LCP and RCP waves
can be modulated or switched by dynamically controlling the
bias states of the pair of pin diodes.

The CST Studio Suite software, along with its frequency-
domain solver, is utilized to conduct full-wave simulations aim-
ing to derive the scattering parameters of the device. In full-
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wave simulation, pin diodes (SMP1330-040LF, Skyworks) are
modeled by a circuit consisting of a 0.45 nH inductor in serial
with a 1.5 € resistor at the on-state or in serial with a 0.25 pF
capacitor at the off-state. In this subsection, we design a switch-
able chiral polarizer to operate in the reflective mode with a
copper substrate applied to block transmission. Firstly, we
set the pin diode on the right side in one unit as on-state and
the other on the left side as off-state. We introduce the in-
ductor (LQWI18ANI15NGOOD, 15nH) to isolate the alternat-
ing current between the unit cells but to pass the direct cur-
rent for biasing the pin diodes. The other ends of pin diodes
are connected with the bottom ground through a conductive
hole. We optimize the geometric parameters depicted in Fig. 1
as: t = 3.5mm,p = 26 mm, s = 1.5mm, ro = 4.995mm,
ry = 3.6dmm, g = 2mm, ¢ = 3.046 mm, w = 7.219mm,
and [ = 3.673mm. We use copper layers with conductivity
o = 5.8 x 107 S/m and thickness 0.035 mm at the top and bot-
tom, and FR4 with the relative permittivity of 4.2 and the loss
tangent of 0.025 as spacer.

Herein, 71cp,Lcp and rrep, Lop, Tespectively, denote the re-
flectivities of the LCP and RCP components under the LCP
wave incidence, and rcp, rcp and rrep, rep are those due to the
RCP wave incidence. Furthermore, chiral polarization incident
on a perfect electric conductor (PEC) reverses its handedness
after reflection. The simulation results plotted in Fig. 2(a) indi-
cate that, at the designed frequency of 6.25 GHz (middle region
of the C—band), T'LCP, RCP> TRCP, RCP> and TRCP, LCP are all smaller
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than —10 dB, while ricp, Lcp is larger than —0.8 dB, thereby in-
dicating the realization of the LCP polarizer operation. When
the biasing states of the left and right pin diodes are switched, as
shown in Fig. 2(b), the reflection features of the LCP and RCP
incidences will be opposite to those shown in Fig. 2(a). Hence,
areflective switchable chiral polarizer is realized by controlling
the operating state of pin diodes.

We apply Jones calculus to explain the chirality response of
the above design. First, we define a transfer T matrix to con-
nect the complex amplitudes of the incident and transmitted

fields [35], i.e.,
iy
iy

(5 )=(
(e n)()-m()

where the subscript f designates propagation in the forward di-
rection (the positive z-axis shown in Fig. 1). In (2), T}, describes
the transmission matrix for the wave propagating in the back-

ward direction:
~ A -C
A-(4 %)

Changing the coordinate from the Cartesian base to the circular
base, the Ty matrix becomes

— 1/1 1\ '~/1 1
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If the unit cell is mirror-symmetric with respect to the xz-plane,
the T’y matrix for the mirror image is identical to the original

one, i.e.,
—1
1 0 —~(1 0 —~
(o ) (o %)-T
4)
A -B A B

If the unit cell is mirror-symmetric with respect to the yz-plane,
the following equations can be obtained:

—1
-1 0 = ( -1 0 s
(v 1) o 7)=m
A -B

From (4) and (5), the Tf matrix under circular base can be writ-

ten as
_ 1
=5 ,

®)
A B
C D

A+D A-D
A-D A+D

TfC’LTC

(6)

85

which means that a chiral polarizer cannot be achieved as nei-
ther of the four elements of the matrix is unique. Hence, mirror-
symmetry with respect to the plane parallel to the propagation
axis should be broken for a chiral polarizer. Considering the
structure in Fig. 1(a), its mirror structure with respect to the
xz-plane (described by the red dashed line) is identical viewed
from the back side. Thus, the following equations can be ob-

tained:
-1
1 0 ~/(1 0 ~
(o &) (o %)-7
- A -C
"\ -B D

. A -B
-C D

Then, the T matrix under the circular base can be written as

-4 ) o

In this case, if A = 0.5, B = 0.5, and D = —0.5, the matrix

(7
)%BC.

A+D
A-D+2iB

A-D-2B
A+D

circ
Tf‘

, realizing a chiral po-

under circular base turns into ( 0 (1) )

larizer. For the reflective device describing in Fig. 1, the Jones
matrix under circular base should be written as

pare 1 A+D A-D-2B
“ 2\ A-D+2iB A+D
©)
_ [ "RCP,LCP TLCP,LCP
TRCP,RCP "LCP,RCP

Then, rrep,Lcp = 7TLcp,rep is satisfied. When the structure
turns into its mirror image, substituting —B for B into (9), the
reflective matrix is written as

W—1< A+ D A—D+2jB)
2\ A—-D-2jB A+D
(10)
_ [ "RCP,LCP "LCP,LCP
TRCP,RCP "LCP,RCP

It can be obtained from (9) and (10) that two mirrored struc-
tures interact with the LCP and RCP waves oppositely, which
is confirmed by the simulation results shown in Fig. 2.

The underlying physical mechanism for the different helicity
responses of mirror-asymmetric structures can be intuitively
understood from the surface current distributions [33,34].
Fig. 3(a) depicts the current profile on the copper patterns of
the LCP polarizer under the incidences of LCP and RCP waves.
We see that the local inductive and capacitive responses of
meta-atoms induce strong resonance at 6.25 GHz and greatly
enhances the wave-matter interaction, and thus, the transfer
efficiency for the polarizations [36]. Under the LCP incidence,
the left and right copper arms of the unit cell exhibit identical
instantaneous current directions, thereby determining weak
dipolar response. However, under the RCP incidence, a closed
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FIGURE 3. Simulated surface current distributions of the (a) LCP polarizer (left column), and (b) RCP polarizer (right column) under the LCP (top

row) and RCP (lower row) incidences at 6.25 GHz.

current loop is formed by the two copper arms which leads to a
local magnetic mode arising from the electric-magnetic dipolar
coupling. The reflection waves from the magnetic resonance
will destructively interfere with that directly reflected by the
background, thus leading to perfect absorption at the designed
frequencies for the RCP incidence [37], while the LCP wave is
largely reflected. In the case of the RCP polarizer, illustrated
in Fig. 3(b), the surface current patterns observed under the
LCP and RCP incidences are analogous to those exhibited
by the LCP polarizer under the RCP and LCP incidences,
respectively. The surface current distributions of the LCP and
RCP polarizer agree with their chirality-selective responses.

2.2. Transmissive Switchable Chiral Polarizer

We also design a switchable chiral polarizer to operate in the
transmissive mode. The top layer has a similar layout to that
in Fig. 1, and the copper substrate is replaced by the mir-
ror structure of the upper layer, as Fig. 4 shows. We choose
the geometric parameters to be: ¢ = 4.5mm, p = 26 mm,
s = 2.14mm, ro = 4.803mm, r; = 4.113mm, g = 1.74 mm,

FIGURE 4. Perspective view of the unit cell of the transmissive switch-
able chiral polarizer.
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g = 2.961mm, w = 4.338mm and [ = 0.877mm. We de-
note the transmissivity of the LCP and RCP components un-
der the LCP wave incidence by tcp, Lcp and trcp, Lcp, Tespec-
tively, and those under the RCP wave incidence by trcp, rcp
and trcp, rep, respectively.

The simulation results depicted in Figs. 5(a) and (b) indi-
cate that at 6.25 GHz, the amplitudes of all reflective compo-
nents are smaller than —10 dB. Additionally, trcp, Lcp, tLcp, ReP
and trcp, rep also exhibit values smaller than —10dB, while
trep, Lep exceeds —1.5 dB. This suggests the achievement of a
transmissive chiral polarizer. By switching the pin diodes on
both layers, and the simulation results plotted in Figs. 5(c) and
(d) show that the mirror structure interacts with the LCP wave
in a manner similar to the previous structure’s interaction with
the RCP wave. Consequently, control of the operation of pin
diodes yields a switchable transmissive chiral polarizer.

Here, we also apply Jones matrix to reveal the condition for
a transmissive switchable chiral polarizer. In order to speed
up the optimization process, we choose the bottom layer as the
mirror image of the top layer with respect to the xz-plane, re-
ducing the number of variable geometric parameters. In this
scenario, the structure remains unchanged when being viewed
from the back side, which is in contrast to the reflective design
where the mirror image with respect to the xz-plane is the same
(upon viewing from the back side). It should be noted that,
if the bottom layer is identical to the top layer, a transmissive
chiral polarizer can also be achieved by designing appropriate
geometric parameters, as discussed in the previous subsection.
Subsequently, considering the structure depicted in Fig. 4, alter-
native equations distinct from those presented in the preceding
subsection can be derived:

=~ A A B A -C
TfZTb—)<C D):<—B D)—)B:—C, (11)
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FIGURE 5. Simulated S-parameters for the transmissive switchable chiral polarizer. (a) & (b) LCP polarizer: the pin diodes of the upper layer on
the right side of the mirror-symmetry axis are under on-state, and (c) & (d) RCP polarizer: the pin diodes of the upper layer on the right side of the

mirror-symmetry axis are under off-state.

The T matrix under the circular base can then be written as

Fae_L( A+D+2iB A—-D
2 A-D A+D-2jB
(12)
tLCP,LCP 'RCP,LCP

( )

and the reflective matrix (under the circular base) will be

{LCP,RCP !RCP,RCP

W1<A+D+2j3 A-D )
2 A-D  A+D-29B
(13)
_ [ TRCP,LCP TLCP,LCP
TRCP,RCP "LCP,RCP |’
We then obtain trcp,Lcp = fLcP,RCPs> TLCP,LCP = TRCP,RCP-

When the structure turns into its mirror image, substituting — B
for B into (12) and (13), the transmissive and reflective matri-
ces can be written as

1{6;021<A+D—2j3 A-D )
2 A-D A+D+2iB
(14)
_ ( 'LcpLcp  fRCP LCP
'LCP,RCP 'RCP,RCP |’
and
W1<A+D—2jB A-D )
2 A-D A+D+2iB
(15)
_ [ "RCP,LCP "LCP,LCP
TRCP,RCP "LCP,RCP |’
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respectively. Therefore, we can obtain from (14) and (15) that
two mirror-structures interact with the LCP and RCP waves op-
positely in both the transmissive and reflective modes, which is
confirmed by the simulation results shown in Fig. 5.

3. REFLECTIVE/TRANSMISSIVE SWITCHABLE CHI-
RAL RASORBER

The aforementioned discussion focused on the concept of trans-
missive and reflective chiral polarizers operating at 6.25 GHz.
However, in practical applications, the incident microwave sig-
nal may be broadband in the C-band. In cases where only a
narrow-band wave near 6.25 GHz is required, and low reflec-
tivity in the C-band is necessary for reflective mode, as well
as low reflectivity and transmissivity (in the C-band) for trans-
missive mode, we propose an FSR to address these require-
ments. Fig. 6(d) depicts the unit cell of reflective switchable
chiral rasorber consisting of three layers, namely the absorptive
(Fig. 6(a)), bandpass (Fig. 6(b)), and chiral layers. We design
these layers to have the same window at 6.25 GHz, with the re-
sistors (on the absorptive layer) absorbing the incident wave at
other frequencies in the C-band. The absorptive and bandpass
layers collectively function as an FSR with low reflectivity in
the C-band; the working mechanism can be explained using the
transmission-line theory [38, 39].

In order to determine the suitable parameter for the FSR, an
ECM is utilized as a design approach, as illustrated in Fig. 6(c).
The design incorporates the consideration of free-space wave
impedance (Zj), with the band-pass layer being conceptualized
as a parallel circuit. The components within the model include
a slot, an outer patch, and an inner square loop, which are,
respectively, denoted as capacitor Cpy, inductor Loo, and
Lo;. Here Loy serves the purpose of establishing a parallel
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FIGURE 6. Unit cell of the reflective switchable chiral rasorber. (a) Top view of the absorptive layer. (b) Top view of the bandpass layer. (¢) ECM
of the proposed FSR. (d) Perspective view of the reflective switchable chiral rasorber.
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Y5 Zy(—cosO + jsinf) — Y1 Zy(cos b + jsin) — jZ3Y1 Yz sinf

2
Sa1 =

1+ Y5) Zo+ 2|(cosf 4+ jsinf) + 1Yo sIn
[(Y1 4 Y2) Zo + 2](cos 0 + jsin ) ngYY'G ’

(16)

where Y7 and Y5 are, respectively, the admittances of the ab-
sorptive and band-pass layers, 6 = 2w fh/c, and f and ¢, re-
spectively, denote the frequency and speed of wave in free-
space. When a transmission window is needed, Y1 = Y5 = 0,
i.e., the impedance of the two layers equals infinity at the same
frequency. So, to achieve the transmission window, the ECM
in Fig. 6(c) is applied, according to which, the expressions for
Y; and Y5> can be written as

v — 1
! 2(]00L10+R)+ T +.1 T ’

_]le2 JwL11+. 1

JWCOI (17)
1 1

Yo=— + ,
2 jwLas  jwLoy + —=—

JwCog

where w = 27 f. From the above equations, the frequencies of
transmission window of the two ECM layers can be expresses

as
1 1
(L11+L12)Cor . (L21+4L22)Co2

h= 2 2 2T (18)

As the condition of equal frequency (i.e., f1 = fo = fo) is
needed to achieve a transmission window, the relationship of
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FIGURE 7. Comparison of the S-parameters of the FSR obtained using
the ECM and full-wave simulation.

LCR parameters can be written as
(L11 4 L12)Co1 = (Lot + La2)Coz = 1/(27fo)?. (19)

The S-parameters can be derived from Equations (19), (17),
and (16). Our objective is to ensure that |S1;| remains below
—10dB within the frequency range of 4-8 GHz. To achieve
this, particle swarm optimization toolbox in Matlab is em-
ployed, with the design frequency fixed at 6.25 GHz and the
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one unit cell of the top layer under on- (off-) state, and (c) & (d) with the reverse states for the pin diodes.

parameters COQ, L22, LQl,Llo, R, COl: L11, and L12 desig-
nated as variables. Through a series of iterative processes,
the results progressively converge towards the desired target,
ultimately yielding the parameters that satisfy our objective.
Once we obtain the total parameters of the ECM, we design
the geometric parameters of the real structure (Fig. 6) to match
the LCR parameters. Fig. 7 presents a comparison of the S-
parameters calculated from the full-wave simulation (F4B with
permittivity € = 2.65 is used as substrates, and the thickness
of copper is 0.018 mm) and the ECM calculation with the spec-
ified parameters: t; = 0.5mm, h; = 12.5mm, p = 26 mm,
i = 11.2mm, [, = 10.2mm, I3 = 8.2mm, wyg = 1.8 mm,
wy = 8.75mm, wy = 9.3mm, w3 = 9.7mm, wy = 13.6 mm,
002 = 01568pF, L22 = 2863nH, L21 = 134HH, LlO =
0.1nH, R = 160Q, Cyp; = 0.1334pF, L;; = 1nH, and
L12 = 3.203 nH. The resonant frequencies determined through
the full-wave simulation and ECM calculation demonstrate a
similarity. However, minor deviations exist, as the ECM cal-
culations rely on fixed LCR parameters and do not consider
the actual electric current distributions affected by electromag-
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netic coupling within the geometric structure that determines
S-parameters.

We simulate the unit cell in Fig. 6(d) with hy = 6 mm to
obtain the S-parameters. The results depicted in Fig. 8(a) indi-
cate that a reflective chiral rasorber with rcp,rcp, TrRCP, RCPS
and 7rcp,Lcp below —10dB across the whole C-band is ob-
tained. At the same time, 7 cp, rcp is larger than —1.8dB at
6.25 GHz. Moreover, when the structure turns into its mirror
image with respect to the xz-plane, the simulation results plot-
ted in Fig. 8(b) demonstrate switchability between the reflective
LCP and RCP rasorbers. We design the transmissive rasorber
by replacing the chiral layer in Fig. 6 with that drawn in Fig. 4
and replacing the substrates of the absorptive and band-pass
layers with Rogers 4003 (permittivity € = 3.55) with the spec-
ified parameters: t; = 0.5mm, h; = 12.5mm, hy = 6.5 mm,
p = 26mm, [y = 12mm, I, = 8.95mm, [3 = 8.55mm,
wo = 1 mm, wq 7.95mm, we = 8.55mm, wz = 9.4mm,
and wy = 13mm. The findings depicted in Figs. 9(a) and (b)
indicate successful realization of a transmissive chiral rasorber
with reflectivity below —10 dB across the entire C-band. Addi-
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FIGURE 10. Simulated results under four states of the reflective switchable chiral rasorber. (a) LCP rasorber: the reflectivity when pin diodes on the
right side of the mirror-symmetry axis are under on-state. (b) RCP rasorber: the reflectivity when pin diodes on the right side of the mirror-symmetry
axis are under off-state. (c) Absorber: the reflectivity when pin diodes are all under off-state. (d) Rasorber: the reflectivity when pin diodes are all

under on-state.

FIGURE 11. Experimental setup of the free-space measurement. (a) Sample of the reflective switchable chiral rasorber (a zoom version of the unit
cell is positioned in the lower right corner), and (b) configuration of the setup.

tionally, tch7 LCP» tLCP, RCP» and tRCP7 RCp are all below —10 dB,
while trcp, rcp is greater than —3dB at 6.25 GHz. Further-
more, the simulation results in Figs. 9(c) and (d) demonstrate
the attainment of a switchable function between the transmis-
sive LCP and RCP rasorbers when the structure undergoes a
mirror image transformation with respect to the xz-plane.

4. EXPERIMENTAL RESULTS AND DISCUSSIONS ON
THE REFLECTIVE SWITCHABLE CHIRAL RASORBER

To verify the performance of the switchable chiral rasorber,
we study the reflective device experimentally. We use two
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foam spacers with the relative permittivity of 1.1 to replace
the air spacer for the purpose of ensuring flatness of the de-
vice. Fig. 10 depicts the simulation results with the parameters:
ty = 0.5mm, hy = 13mm, ho = 5.7mm, p = 26 mm, [; =
11.578 mm, Iy = 9.434 mm, {5 = 9.065 mm, wy = 1.984 mm,
w; = 8.889mm, wq 9.364 mm, ws 9.682 mm, and
wy = 12.836 mm. The implemented design serves as a two-
bit switchable metamaterial, which has four switchable oper-
ating states across the C-band, namely the LCP rasorber, RCP
rasorber, absorber, and rasorber. If the pin diodes on the left
side of the mirror-symmetry axis are under on-state and those
on the right side under off-state, we obtain an LCP rasorber. If
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FIGURE 12. Measured reflection under four states of the reflective switchable chiral rasorber. (a) LCP rasorber: line 1 is connected to the anode of
DC source with 0.4 V biased voltage. (b) RCP rasorber: line 3 is connected to the anode of DC source with 0.4 V biased voltage. (c) Absorber: all
lines are not connected to DC source. (d) Rasorber: line 1 and 3 are both connected to the anode of DC source with 0.4 V biased voltage.

the states of the pin diodes are reversed, a LCP rasorber will be As illustrated in Fig. 11(b), two horn antennas (functioning
transformed into a RCP rasorber. When all pin diodes are under as the transmitter and receiver) operating in the 2—-18 GHz
off-state, a broadband absorber is realized, and under on-state, band are connected to the VNA. The distance between the
a circular-polarization-insensitive rasorber is achieved. antennas and the prototype is larger than 1.5m during the

We fabricate a prototype consisting of 17 x 17 unit cells measurement. We place the prototype in the hole of an
using printed circuit board (PCB) technology, as depicted in absorbing screen with its center being carefully aligned with
Fig. 11(a). Three bias lines labeled as 1, 2, and 3 are soldered that of the antenna apertures. The measured S-parameters
to the bottom layer. Line 2 is linked to the ground copper plane, for reflection are normalized by the reflection spectrum of a
while lines 1 and 3 are connected to the upper interval columns. same-sized copper mirror placed at the same distance with the
We utilize a DC voltage source to supply forward-current for sample. Due to the constraints of the setup, there is a small
the pin diodes, with line 2 being connected to the ground termi- incidence angle of ~ 8° in the measurement. To evaluate
nal of the source. Here, we assemble the multilayers together the performance of the rasorber under chiral incidence, we
by plastic nylon screws and measure the S-parameters of the measure linear co-polarization (rxx, ryy) and cross-polarization
switchable chiral rasorber prototype in an anechoic chamber (rxy, ryx) reflection coefficients. According to Equation (3),
using the free-space method [13,20], employing a Vector Net- the reflection matrix under circular base can be processed as

work Analyzer (VNA, RS-ZVA40).

"RCP,LCP TLCP,LCP | _ 1 < rex +ryy +j(rey —ryx)  rez —ryy +j(rey + ryz) ) 20)
TRCP,RCP TLCP,RCP 2\ rex —ryy —j(ray+ryz) rex+ryy —j(ray —ryz) )’

The experimental results in Fig. 12 indicate the successful flective components nearly below —10dB is achieved. Fur-
implementation of a reflective switchable absorber. Specifi- thermore, the reflectivity without polarization conversion ex-
cally, it is observed that r cp, 1 cp exceeds —2.7 dB at 6.25 GHz ceeds —2.8dB at 6.25 GHz when both the bias lines 1 and 3
when the bias line 1 is connected to the anode of the DC volt- are connected to the anode of the DC voltage source, while
age SOUrce; r.cp, Rcp, TRCP, RCP> and Trep, Lep across the entire the reflectivity with polarization conversion across the entire C-
C-band remain below —10 dB. Conversely, when the anode of band remains nearly below —10 dB. Overall, the experimental
the DC voltage source is connected to the bias line 3, rrcp, rcp results agree well with those obtained by the full-wave simu-
exceeds —2.6 dB at 6.25 GHz, while the other reflective com- lation route. However, the recorded amplitudes of the reflec-
ponents across the C-band remain below —10dB. In the ab- tion window for LCP, RCP, and polarization-insensitive ra-
sence of a voltage source, a broadband absorber with all re- sorbers at 6.25 GHz exhibit lower values (—2.7dB, —2.6dB,
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FIGURE 13. Measured reflection under 15° oblique incidence. (a) LCP rasorber. (b) RCP rasorber. (c) Absorber. (d) Rasorber.

TABLE 1. Comparison with other rasorbers.

Ref. Amplitude of window | Reflection band below —10 dB Polarization Switchable | Bit
[6] —0.73dB 0.95-3.3 GHz Linear & Single No 0
[8] —0.68dB 2.5-6.79 GHz Linear & Dual No 0
[16] —1.28dB 1.79-5.25 GHz Linear & Single Yes 1
[18] —1.7dB 0.8-3.2 GHz Linear & Dual Yes 1
Our work —2.7dB 3.7-8.8 GHz Chiral Yes 2

and —2.8dB, respectively) than the simulated values (above
—2.2dB). Additionally, the measured reflection of reflective
components, intended to be below —10dB, is inferior to the
simulation values when the device operates as a C-band ab-
sorber or common rasorber, thereby slightly disrupting the
broadband reflection below —10 dB. These minor discrepancies
in the reflection profiles are primarily attributed to the deviation
from normal incidence in the experimental setup.

To explore the impact of oblique incidence, we measured the
frequency responses of the device at incident angles of 15°.
The results presented in Fig. 13 demonstrate a decline in perfor-
mance as the incident angle surpasses 15°, characterized by a
decrease in the amplitude of the transmission window and a re-
duction in the low reflection bandwidth. Specifically, at an in-
cident angle of 15°, the amplitudes of the reflection window for
LCP, RCP, and polarization-insensitive absorbers at 6.25 GHz
exhibit values below —4 dB. Moreover, the broadband reflec-
tivity below —10 dB is not met near 6.25 GHz and 8 GHz.

The comparisons of the performance between our design and
other previously published rasorbers are listed in Table 1. These
rasorbers are proposed to work under linear polarization (single
linear polarization or dual linear polarization) with or without
the function to switch on/off the transmission window. How-
ever, they cannot switch the orthogonal polarization of output
electromagnetic wave. It is seen that our design which expands
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the type of linear rasorbers has the advantages of two-bit con-
figurable functions and chiral-polarization control capability.
However, it should be noted that, compared to FSRs with nearly
perfect transmission window designed for linear polarization
incidence, the reflection/transmission windows implemented in
this work have a relatively larger insertion loss due to the res-
onance attenuation caused by the meta-atoms which are neces-
sary to absorb one of the CP waves. The issue may be released
if the mirror reflection of the unwanted circular polarization is
suppressed by a random scattering rather than a total absorp-
tion [40]. In addition, the rasorber designed in this work fea-
tures a 3 dB bandwidth of ~ 0.2 GHz, which is narrower than
the FSRs operated in linear polarizations [8, 12, 13]. This nar-
rower bandwidth is a consequence of the transmission window
of'the FSR to achieve low reflectivity across the C-band. As the
transmission window of the FSR widens, the reflection of other
reflective components near the chiral window (6.25 GHz) will
exceed —10dB, leading to stringent requirements on the inci-
dent angle.

5. CONCLUSION

The afore-discussed results determine that a reflec-
tive/transmissive two-bit microwave chiral rasorber is
capable of switching its reflective/transmissive window be-
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tween the LCP and RCP waves through the use of pin diodes;
the sensitivity to chirality is realized by mirror-asymmetric
structures. Experimental results indicate the reflective func-
tional device being switchable among four different states,
namely LCP rasorber, RCP rasorber, broadband absorber,
and polarization-insensitive rasorber.  The reflectivity of
undesirable polarization components remains below —10dB in
the entire C-band, thereby determining device to be promising
as a C-band chiral rasorber to transmit the LCP or RCP
wave with a certain bandwidth — the feature crucial in CP
wave communication systems. It may also be employed in
chiral sensing to probe the amplitude of the LCP and/or RCP
waves [41,42].
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