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A broadband reflective polarization converter is proposed. The unit cell of polarization converter is composed of a

single-split resonant ring, a double-split resonant ring, a dielectric substrate and a metallic ground. The simulated re-

sults show that the polarization converter can convert x-polarized waves into y-polarized waves and obtain a broad-

band polarization conversion from 0.501 0 THz to 1.390 0 THz with the polarization conversion ratio (PCR) beyond

80% at normal incidence. Moreover, the surface current distributions are investigated to explain the polarization con-

version mechanism. Finally, a good agreement is achieved between simulated and measured results. The polarization

converter can be applied in terahertz imaging, communication and stealthy technology.
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Polarization is one of the fundamental characteristics of
electromagnetic (EM) waves, which can be applied in
circularly polarized antennas'', radar technology'® and
wireless communication systems”!. Thus, flexibly ma-
nipulating the polarization state of EM waves plays a
significant role in electromagnetics. Traditional polariza-
tion converters are mainly designed using Faraday ef-
fect” and Brewster effect™. However, these conven-
tional polarization conversion devices are limited in
practical applications by low efficiency, narrow working
bands and bulky volumes. In recent years, metamaterials
have drawn increasing attention because of their unique
EM properties, and also provide a new method to keep
the high polarization conversion ratio (PCR) in a wide
bandwidth.

In order to achieve high conversion efficiency and
wide operating bandwidth, many polarization converters
based on matematerials have been proposed in the past
few years. Split ring resonators structure is commonly
used to design polarization conversion devices. For ex-
ample, Wen et al'® proposed a high-efficiency polariza-
tion converter based on two single-split ring resonators,
which can convert linearly polarized wave into its
cross-polarization one, however, its operating bandwidth
is narrow. To pursue the large polarization conversion
bandwidth, Cheng et al'”! designed and demonstrated a
wideband polarization converter on the basis of a dou-
ble-split resonator and a metallic disk, but the PCR is
low. To keep the high efficiency in a wide band, many
structures based on split ring resonators have been pro-

posed®'. Xu et al''"! designed a polarization converter
based on a double-split ring resonator with the polariza-
tion conversion efficiency of 75% from 0.67 THz to
2.41 THz. Fu et al'"” presented one broadband polariza-
tion converter based on resonant ring, which gave band-
width from 0.59 THz to 1.24 THz with PCR above 80%.
2018, Li et al'* designed a reflective polarization con-
verter covering a frequency range of 0.4—1.04 THz with
the PCR of 90%. Zhou et al''*! proposed a polarization
converter using a L-shape structure, which provided PCR
of 80% in the frequency range from 0.64 THz to
1.19 THz. From former studies, we can find that high
conversion efficiency and wide working band can be
achieved at the same time by changing the split width
and ways.

Herein, we present a reflective polarization converter
for terahertz waves of three layers composed of me-
tasurface and a grounded metallic film separated by a
dielectric substrate. The metasurface consists of a dou-
ble-split resonant ring and a single-split resonant ring.
The polarization converter can convert the x-polarized
incident waves into y-polarized waves in the frequency
range of 0.501 0—1.390 0 THz, with its efficiency more
than 80%. Moreover, it can also convert the y-polarized
incident waves into x-polarized waves with high effi-
ciency.

Fig.1 presents the schematic diagram of the polariza-
tion converter. The unit cell is a classic three layer struc-
ture composed of metasurface and a grounded metallic
film separated by a dielectric substrate. The metasurface
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consists of a double-split resonant ring and a single-split
resonant ring. The repeat period is P=P,=P,=80 pm, and
other structural parameters are optimized as w=10 pm,
=355 um, 7=31.8 um, =18 um, r,=13 pm, a=90°
and 6=105°. The proposed polarization converter was
simulated by using the commercial software CST Mi-
crowave Studio 2017, where unit cell boundary condition
was set in the x and y directions and open (add space)
boundary condition was applied to the z-direction. In our
simulation, the double-split resonant ring, the single-split
resonant ring and metallic continuous film were made of
lossy gold with a conductivity of ¢=4.56x10" S/m and a
thickness of 0.3 um. The dielectric material was selected
as lossy quartz with relative permittivity of 3.75, loss
tangent of 0.0004 and a thickness of d=37.0 pm.

Fig.1 Schematic diagram of the proposed polarization
converter

For better understanding the polarization conversion,
the Jones matrix is introduced!'*. The reflection of line-
arly polarized incident fields through the polarization
converter can be described as

E R, R \(E
x XX Xy x
= s (M
E y RJ"X R}w Ey
where E. and E. represent the incident electric fields

at x- and y-component, E| and E; represent the re-

flected electric field at x- and y-component, Ry =l €™
. represents the reflection coefficients for n-m polari-
zation conversion, and ¢, is the corresponding phase.

When the x-polarized wave is incident downward on
the top surface of the polarization converter, the reflected
electric field can be expressed as

E =Ex+Ey=re"Ex+re”Ey, (2)
x y « e x

where 7, :|Exr /|Eﬂ| and 7, :|Eyr|/|EXi represent the
co-polarization reflection coefficients and

cross-polarization reflection coefficients, respectively.
When r,=0, the reflected electric field can be calculated
as

E'=Ex+Ey=re™E.y, (3)
which means that the x-polarized waves are converted
into y-polarized waves. In addition, the PCR is defined as
PCR= r}i / (ryzx + rfx) .

Optoelectron. Lett. Vol.14 No.6 * 0435

Based on the above geometrical parameters, we simu-
late the polarization converter by using CST Microwave
Studio. The reflection coefficients and PCR are pre-
sented in Figs.2 and 3, respectively.

From Fig.2, it can be seen that the simulated
co-polarization reflection coefficients are less than 0.4,
and the cross-polarization reflection coefficients are
more than 0.8 from 0.501 THz to 1.390 THz. Addition-
ally, we can see that the cross-polarization coefficients
are 0.996, 1, 1 and 0.990 at four resonant frequencies of
0.526 4 THz, 0.760 0 THz, 1.2144 THz and
1.537 6 THz, respectively. It means that nearly all energy
of the incident x-polarized terahertz wave is converted to
y-polarized wave at the four resonant frequencies. As
shown in Fig.3, PCR is more than 80% in the frequency
range of 0.501—1.390 THz, and the PCR nearly
achieves 100% at the four resonance frequencies of
0.526 4 THz, 0.760 0 THz, 1.2144 THz and
1.537 6 THz. It also confirms that the x-polarized wave
is converted into y-polarized wave.

1.0

0.8F
)
2(0.6F —a—7
g -
2 y
3
Q‘O.4‘

0.2r

0. 1 1 1 1 1 1
8.2 04 06 08 1.0 12 14 16 18

Frequency (THz)

Fig.2 Reflection coefficients of the polarization con-
verter at normal incidence
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Fig.3 PCR of the proposed polarization converter

In order to interpret the physical mechanism of the
linear polarization conversion, we study the surface cur-
rent distributions at four resonant frequencies of
0.526 4 THz (f1), 0.760 0 THz (f), 1.214 4 THz (f;) and
1.537 6 THz (f;). Fig.4 presents the current distributions
on top layer and bottom layer, respectively. It can be
seen from Fig.4, the surface currents are mainly induced
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on the outer single-split resonant ring. Meanwhile, the
currents on the top layer at £ and f, are anti-parallel with
the ones on the bottom layer, respectively. Therefore,

resonances at f; and f, are caused by magnetic resonances.

The parallel currents at f; and f; are obtained on the top
layer and bottom layer, which means that the third reso-
nance results from an electric resonance. In other words,
the polarization conversion is due to the strong electro-
magnetic resonances in the polarization converter struc-
ture.

Fig.4 Surface current distributions on top layer and
bottom layer at resonant frequencies

In order to experimentally show the polarization con-
version performance of the proposed polarization con-
verter, we fabricated the experimental sample with an
area of 10 mmx10 mm as shown in Fig.5, containing
125%125 unit cells.

Fig.5 The prototype of the designed polarization
converter
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We use T-ray 500 to measure the co-polarization and
cross-polarization reflection coefficients. The simulated
and the measured results are shown in Fig.6. It can be
clearly seen that the measured results of co-polarization
reflection coefficients 7...x, are roughly more than 0.4
from 0.508 5 to 1.451 6 and ry,.x, are higher than 0.8.
Additionally, we can observe that the measured results
are lower than simulated results, which is caused by the
absorption of water vapor. In these four resonant fre-
quencies, Fyyexp are nearly 0, which is the same with the
simulated results.
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Fig.6 Reflection coefficients of simulated and meas-
ured results

In this paper, we design a broadband polarization
converter. The proposed reflective polarization converter
can convert the x-polarized wave into y-polarized wave
in the frequency range from 0.508 5—1.451 6 THz and
the PCR is greater than 80%. Furthermore, we interpret
the physical mechanism of the linear polarization con-
version by studying the surface current distributions.
Finally, we fabricate and measure the polarization con-
verter, and the simulated results are in agreement with
measured results. The proposed polarization converter
can also be used to convert y-polarized wave to
x-polarized wave, and by changing the structural pa-
rameters, it can have many potential applications in mi-
crowave, terahertz and optical regimes.
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