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Abstract: In this paper, a multifunctional chiral metasurface is presented to achieve asymmetric transmission (AT)
and linear-polarization conversion (LPC). The designed metasurface consists of a cross swords-like shape and two
holes in the lower side of the unit cell. In the frequency band from 8.3 GHz to 10.4 GHz, AT is realized with more
than 90% efficiency and the same chiral metasurface transforms linear polarized wave into its orthogonal counterpart
with high efficiency. For LPC, the polarization conversion ratio (PCR) is greater than 95%. The proposed

metasurface is stable against the incident angles of striking electromagnetic (EM) waves up to 60° for both operations

of AT and LPC.
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0 Introduction

Metamaterials, a novel class of electromagnet-
ic materials, have garnered significant interest due
to their remarkable capacity for manipulating electro-
magnetic waves and their compact spatial demands.
The investigation of metamaterials facilitates the re-
alization of several distinctive phenomena, such as
polarization conversion. Control of polarization is an
important characteristic of electromagnetic waves
used in many applications including imaging'"’ and
meta-lens antennas'?, although there are limitations
of low efficiency and incident angles which affect the
performance of mostly polarization converters. To
overcome such issues of low efficiency'’ and inci-
dent angles™ , an alternative way uses chiral meta-
materials which is a special group of metamaterials
for controlling the polarization. Chiral metamaterials
are characterized by the lack of mirror symmetry,
meaning that their chiral configuration cannot be su-

perimposed over its mirror reflection. The asymmet-
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ric nature of chiral metasurface makes it important

[56]

for asymmetric transmission'”" and linear or circular

polarization conversions' .

Refs. [9-10] proposed the use of a single-lay-
ered reflective surface to achieve cross-polarization
conversion (CPC) with consistent performance un-
der different incident angles. Additionally, a meta-

material in the shape of a twisted Hilbert''"'

curve
was suggested as a means to accomplish the conver-
sion of linear polarization to circular polarization.
The metasurface described in Ref.[12] successfully
accomplished both the functions of CPC and conver-
sion of linear polarization to circular polarization.
Chiral metasurfaces were utilized to investigate a
called

(AT), where the total transmission of electromag-

phenomenon asymmetric  transmission

netic waves changes depending on the direction of

131 Achieving a

propagation across the metasurface
60% efficiency in the frequency region of 5.5—
5.9 GHz was demonstrated in Ref.[14] through the

use of 2D-chiral split rings. A dual-layered arrange-
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ment of inclined metal strips was suggested to ac-
complish a wide frequency range (8.58—9.73 GHz)
for antenna transmission, with a transmission mag-
nitude of 0.9"°". In addition, a study was conducted
to investigate the stable response of an incidence an-
gle up to 60° in order to achieve an AT with a trans-
mission coefficient of 0.95"%. A recently developed
chiral structure has achieved an efficiency of about
80% over the 18.6—
20.8 GHz''".

In this paper, a bi-layered multifunctional chi-

frequency range of

ral metasurface is proposed which performs AT and
linear-polarization conversion (LPC). The designed
structure of a unit cell is composed of cross swords-
like shape with two holes in the lower portion. The
operations of AT and LPC are achieved with more
than 80% AT parameter in the frequency range of
8.3—10.4 GHz and 85% polarization conversion ra-
tio (PCR), respectively. The proposed chiral struc-
ture is angularly stable against the varying angles of
incident electromagnetic (EM) waves for AT as

well as LPC operation up to 60°.

1 Metasurface Unit Cell Design

The chiral metasurface under consideration
comprises a cross swords-like shape with two holes
positioned on both sides of a substrate that is sand-
wiched between them, as depicted in Figs.1(a—c).
Fig.1(c) illustrates that the cross swords-like shape
pattern on the lower layer is a 90° rotated replica of
the cross swords-like shape on the upper layer. The
absence of mirror symmetry can be attributed to the
90° rotation of the lower structure. Therefore, the
detection of AT is facilitated by the utilization of the
engineered metasurface, which exhibits mirror
asymmetry.

The metallic cross swords-like shapes at the
top and bottom are composed of copper with a thick-
ness of 35 pm and a conductivity of 5.8 X 10" S/m,
respectively. The dimensions of the unit cell of the
top and bottom copper layer, as seen in Fig.1(b),
have been optimized. These parameters are as fol-
lows: P=7mm, a = 1mm, 6 = 0.4 mm, /=

47 mm, d = 0.4 mm, ¢ = 1.3 mm, and r =

0.5 mm. The substrate Rogers RT5870 has a thick-
ness of 0.7 mm, a relative dielectric constant of

2.3, and a loss tangent of 0.001 2.
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Fig.1 Schematic of the proposed chiral meta surface

2 Simulation Results and Analysis

2.1 Asymmetric transmission

The simulated results of transmission coeffi-
cients are obtained by using the CST Microwave
Studio software. In the xy plane, the periodic
boundary conditions are applied, while in the 2z di-
rection, the linear polarized wave is incident on the
metasurface in forward and in backward directions.
The simulated curves of transmission coefficients in
the case of forward and backward direction propaga-
tion are depicted in Fig.2 and Fig.3. As can be seen
in Fig.2 that in the case of forward direction propa-
gation, the values of cross-polarized coefficients T;,

and T/, are noted as 0.95 and 0.05 in the frequency
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band of 8.3—10.4 GHz, while for backward direc-
tion propagation the values of T}, and T, are totally
different from forward transmission coefficients for
the same frequency band, as shown in Fig.3. It is re-
alized that in forward direction propagation, the de-
signed structure transforms x-polarized wave into y-
polarized wave during transmission, while in back-
ward transmission, the y-polarized wave changes to
x-polarized wave. The value of T, is equal to T,
which proves the phenomena of asymmetric trans-

mission.
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Fig.2 Transmission coefficients of linear x-polarized and

ypolarized EM waves in forward direction
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Fig.3 Transmission coefficients of linear x-polarized and

ypolarized EM waves in backward direction

To calculate the asymmetric transmission pa-
rameter for both x- and y-polarized incident EM

waves, the following equation can be used

b [2
ty,

2 I 2
PR D PR
|27, |

. f b 2
An=It =t =l | +]|d,

2

: | =— A (1)

2
|l

where the superscripts ‘f’ and ‘b’ are used to ex-
press the forward and backward EM wave propaga-
tions.

In Fig.4, the AT parameter for x-polarized in-

cident EM wave is plotted. The value of AT param-
eter is calculated by using Eq.(1) and it can be ex-
amined that the value of AT parameter Ay, is great-
er than 0.9 for the whole band from 8.3 GHz to
10.4 GHz.
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Fig.4 AT parameter at normal incidence

2.2 Linear-polarization conversion

Another important parameter is PCR which is

used for measuring the LPC efficiency and can be

2
PCR =|,, | / (\ >

and | ., | denotes the cross polarized and

defined as

2+|z‘“.|2) 2)

where ‘z‘,y,,.
co-polarized transmission coefficient magnitudes, re-
spectively.

Simulated PCR at normal incidence is shown in
Fig.5. From Fig.5 it can be seen that the value of
PCR is more than 0.9 which means that the pro-
posed chiral metasurface performs operation of po-

larization conversion efficiently.
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Fig.5 Simulated PCR at normal incidence

2.3 Angular stability

For the use of metasurfaces in real time scenari-

os, the behavior of metasurface should be stable
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against the varying incident angles of striking EM
waves. In this paper, the designed chiral metasur-
face shows stability up to 60° in case of both opera-
tions of AT and LPC. The angular stability results
for both operations are illustrated in Fig.6 and Fig.7.
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Fig.6 AT parameter under varying incident angles

1.0

0.8

0.6

PCR

0.4 r

02r

7 8 9 10 11 12 13

0.0 1 1 1
Frequency / GHz
Fig.7 PCR under varying incident angles

2.4 Surface current distribution

The distribution of surface current on metallic
layers located at the top and bottom of the proposed
structure can be employed to comprehend the physi-
cal principle that explains the AT phenomena and
the conversion of linear cross-polarization. The sur-
face current distributions for forward transmission
orientation are illustrated in Fig.8 at a resonance fre-
quency of 10 GHz. Fig.8 illustrates that the top met-
al layer acts as an electromagnetic vibrator at
10 GHz, causing the bottom metallic layer to be-
come stimulating due to the forward illumination. In
the forward direction of propagation, only x-polar-
ized incident waves induce current distributions, as
illustrated in Fig.8. The induced currents and elec-
tric fields for incident waves that propagate in for-

ward direction are represented by arrows on the top

1t *.:r
KRR

il

: > e __:
e

(a) Top metallic layer

g 7 g H
Pt : Rk | oA
R R
A N - E
(b) Bottom metallic layer
Fig.8 Surface current distribution on top and bottom metal-

lic layers at resonance frequency 10 GHz of incident

a-polarized wave

and bottom metallic layers in Figs.8(a,b) , respec-
tively. As illustrated in Fig. 8, the induced electric
and magnetic fields are initiated by the distribution
of parallel and antiparallel currents on the top and
bottom metallic layers. Therefore, it is possible to
ascertain that the anti-parallel currents, which are
sandwiched between the front and rear metallic lay-
ers, are unable to cancel the magnetic field, despite
the fact that they generate a robust magnetic field in
the substrate, in contrast to the parallel currents that
are visible on the top and bottom layers of the struc-
ture. The induced magnetic fields in Fig.8 are repre-
sented by the letters H, and H,, as previously men-
tioned. These fields are generated by surface current
distributions. As illustrated in Fig.8(a), the electric
field component of the incoming wave is in align-
ment with H,, resulting in the transformation of the
incident x-polarized EM wave to y-polarized as a re-
sult of polarization conversion during forward trans-
mission. Therefore, in this instance, the x-polarized
wave undergoes a transformation into an y-polarized
transmitted wave during forward transmission.
Finally, Table 1 provides a comparative analy-
sis of the proposed metasurface design and Refs.[ 15-
17]. The comparison table suggests that the pro-
posed multifunctional work demonstrates superior
performance in a variety of parameters, including ef-
ficiency, angular stability, multifunctionality, and
operating frequency bands. The metasurface with
0.787 mm thick was able to accomplish high trans-
mission and PCR stable at up to 30° in Ref.[15].
The metasurfaces designed in Refs.[16-17] have an
ultra-thin thickness, but they are not multifunction-
al, and the authors only claimed AT. Our proposed

chiral metasurface accomplishes multifunctional op-
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Table 1 Comparison between proposed work and previous published work

Ref. Operating frequency band/ GHz Transmission/ % PCR Thickness/mm  Angular stability/(°)
Ref.[15] 8.58—9.73 90 90% 0.787 30
Ref.[16] 10—10.5 95 Not achieved 0.800 60
Ref.[17] 18.6—20.8 80 Not achieved 0.800 60

This work 8.3—10.4 95 95% 0.787 60

erations that are angularly stable to a maximum of
60° in the microwave regime, as a result of these

studies.
3 Conclusions

A bilayered, multifunctional chiral metasur-
face is reported in this paper. The suggested meta-
surface achieves AT and LPC in the frequency
range from 8.3 GHz to 10.4 GHz with greater than
90% and 95% efficiency, respectively. The de-
signed chiral metasurface also shows angular stabili-
ty up to 60° for both operations of AT and LPC.
This proposed chiral design can be used in applica-

tions based on the X-band frequencies.
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