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ABSTRACT
A dual-layer circular polarizer based on FSS (Frequency Selective Surface) composed of two periodic
strips in xoy plane. The transmission characteristic of present structure is comprehensively investigated
that convert linearly polarized wave into circular polarized wave at operated frequencies. The designed
structure has optimal performance for x-band applications. In addition, the designed model of single
and dual-layer circular polarizer feature exceptionally strong circular polarization with low loss
transmission and attracted for radar and satellite applications. The designed structures of circular
polarizers are simple and can be easy fabricated as well. The transmitted waves are achieved with
RHCP (Right Handed Circular Polarization) wave at 9.34 GHz and LHCP (Left Handed Circular
Polarization) wave at 10.73 GHZ. The corresponding axial ratio bandwidth is enhanced from 9.1610.85GHz = 16.89%, respectively. Meanwhile, the proposed dual-layer circular polarizer achieves
transmission with RHCP wave at 9.59 GHz and axial ratio bandwidth is achieved from9.3-11.31GHz =
19.49%, respectively.
Key Words: Circular Polarizer, Dual-Layer Frequency Selective Surface, Fabry Perot Interferometer,
Fractional Bandwidth, Quarter Wave Plate

1.

INTRODUCTION

P

olarization is one of the most important

polarization solves the great challenges, such as,

characteristics of microwaves that transfer the

atmospheric absorption, lower susceptibility and

important information through one system to

reflection effects as well. It is widely used in many

another system. Controlling of EM (Electromagnetics)

electromagnetic waves applications, such as, optical

waves propagation have been always desirable for the
researchers to manipulate polarization state in

communications and remote sensing.

transmission, reflection or absorption. Circular

In practical system, it is often realized to manipulate the

polarization has gained more attention in microwave

polarization state of incident wave. For instance, circular

communication and satellite communication. Circular

polarizer can modify the polarization state to convert
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linearly to circularly polarized wave. Moreover, it works

achieved RHCP waves and LHCP waves at four distinct

as filter and polarization transformer which can pass the

frequencies and accumulative calculated axial ratio was

linearly incident wave into circular polarized wave.

obtained of 8.16% ranging from 8-12 GHz [19]. A broadband

According to existing reported research contribution,

FSS dual-layer circular polarizer based on quarter wave

circular polarization can be achieved by using various

plate demonstrated the axial ratio bandwidth of 14.11%

designed structures. In microwave technology, the design

over the frequency bands for circular polarization [20].

of circular polarizer based on meander line was introduced
[1]. Various types of circular polarizer designs are
composed of double-layer introduced by Euler [2] in which
Fabry Perot interferometer approach has been employed
to adjust the distance between the surfaces of layers [3].
According to existing research, circular polarizer can be
designed by employing photonic [4-5], chiral structures
[6-8], metasurface, metamaterials [9], grating structures
[10,11], quarter wave plate [12], etc.

Recently, FSSs polarizers are presented with narrow
bandwidth performance corresponding to modest
transmission efficiency. Therefore, research is needed to
minimize the transmission loss and improve the bandwidth
widening of the polarizer to achieve the pure circular
polarization. The open boundaries of air box/waveguide
are applied along z-direction and size of air box along zaxis is selected as 68 mm in simulation models of singleand dual-layer circular polarizers. It is possible to obtain

FSSs are introduced as circular polarizer, filter for many

the corresponding all vector components of the

applications [13-16]. FSSs have good advantages of ease

electromagnetic wave by changing the size of unit cell

fabrication and low profile to make them more attractive

along z-axis. The simulation results show that the structure

among periodic structures. The classical approach was

can manipulate EM waves at lower or higher frequencies

introduced to design FSS based polarizer which, is

simply by changing the size of the unit cells [21].

composed of cross layer design to use for circular

Moreover, the resonant frequencies of the planar structure

polarization. Widening band-width is one of the important

can be manipulated due to the geometry scalability [22].

aspect, which has aroused the interest of researchers in
the field of modern communication and various significant
techniques have been employed to obtain broadband of
polarizer.

In this work, we presented the design of single and duallayer circular polarizer structures based on FSS for Xband applications. The proposed dual-layer polarizer is
based on two periodic strips which are printed on the

The double-layer polarizer approach was introduced to

both sides of two substrates which are oriented at different

obtain circular polarization with 3 dB axial ratio

directions in xoy planes.

corresponding to 5.7% on operational bandwidth [17].
The single-layer Jerusalem cross FSS design was
presented in which the 3.4% fractional bandwidth
performance was achieved at frequency bands,
corresponding 3 dB axial ratio and transmission loss 3.1
dB was observed at 17.8 GHz [18].

The simple efficient techniques are introduced to design
structures to improve the bandwidth widening with low
loss transmission at resonance frequencies. Comparing
to some existing design of circular polarizers, our designed
polarizer has significant advantages, such as, broadband
widening, simple structure, easy fabrication and good

Multi-band circular polarizer which is constructed of 2x2

circular polarization. Moreover, it is analyzed in detail

strip array printed on both sides of the substrate. It

that the transmission characteristics, and good axial ratio
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corresponding phase differences are achieved on

By using simulation, a broadband x-linearly polarized wave

operated frequencies.

impinges on the metallic strips as excitation source through

2.

DESIGN PROCESS AND SIMULATION
SETUP

floquet port-1 along +z direction and assigns the unit cell
boundary conditions of Master and Slave for designed
model. The printed periodic strips on the substrate are

The designed structure of single and dual layer circular

assigned by PEC (Perfect Electric Conductor).The structure

polarizer realize the linear-to-circular polarization

parameters of single and dual layer polarizers are presented

convertors. Both simple low profile structures are designed

as follows; px =25, py = 25, l = 11, w = 3.74 mm, substrate

in xoy plane in different directions. Fig. 1 depicts the unit cell

Roger RT/duroid5880, εr = 2.2 and loss tangent of 0.0009,

of single-layer circular polarizer oriented at 45o along xoy

t = 0.508, r = 2 mm, respectively as shown in Figs. 3-4.

plane, respectively. The relative permittivity and thickness
of the substrate are represented by εr and h. The width of
single strip is w and length is l. where, the periods are px and
py in x and y directions, respectively.
In Fig.1, single metallic strip is sticked on the substrate
which is tilted at 45o in xoy plane. In Fig. 2, two periodic
metallic strips are printed on the top and bottom of the two
individual dielectric substrates slanted at 45 and 90o in xoy
plane, respectively. The r parameter is represented the
distance between two strips which are separated from
each other at different directions in xoy plane as shown
in Fig. 2. Therelative permittivity and thickness of the
substrate are represented by εr and h. The width of single

FIG. 2. SCHEMATIC UNIT CELL GEOMETRY OF DUAL
LAYER POLARIZER

strip is w and length is l. where, the periods are px and py in
x and y directions, respectively.

FIG. 1. SCHEMATIC OF UNIT CELL GEOMETRY OF SINGLE
LAYER POLARIZER

FIG. 3. A SAMPLE OF SINGLE-LAYER POLARIZER WHICH
CONSISTS OF ONE PERIODIC STRIP PRINTED ON THE
SUBSTRATE
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3.

RESULTS AND DISCUSSION

circular polarizer along x and ydirections such that the

It is assumed that the metallic strips are illuminated by linearly

resultant wave is circular polarized wave at the other end of
polarizer. Similarly, the transmitted polarized wave impinges

polarized wave Eialong +z direction and it decomposed into

on the top layer of strip to reflect LHCP wave and transmit

two orthogonal components (E|| and ⊥) having equivalent
o

magnitudes corresponding 90 phase difference.
~
~
~
E (t ) = xˆE X (t ) + yˆEY (t ) = E = xˆE X + yˆ EY

one RHCP wave because of the low resonance produce on
the top layer. Moreover, two transmitted frequencies can be

(1)

generated with RHCP wave and LHCP wave at 9.34 and
10.73 GHZ, respectively.

Ex(t) = mx cos(ωt - Kz)

Whereas, the clockwise rotation and anticlockwise rotation

Ey(t) = my cos(ωt - Kz +δ)

are determined to RHCP wave and LHCP wave when
outgoing wave are transmitted from the output interface of

The polarization pattern is represented by the x and y

the strip assuming the polarizer is illuminated by the incidence

subscript, k is the wave number, t is the time, δ is the phase

of x-linearly polarized wave with polarization angle θ = 0o.

offset between the two waves and ω is the frequency. The
proposed structure generates the transmission with RHCP
wave and LHCP wave.
The incident x-linearly polarized wave through floquet port

 
1
+  2n +  π for RHCP
2
Δ φ = φy − φx =  
1

−  2n + π for LHCP
 
2

2)

1 along +z direction produces resonance on the surface of
bottom strip and decomposed into two orthogonal

The following equation denotes the equal magnitudes of

components. These two transmitted vector orthogonal

RHCP wave and LHCP wave transmitted at the end of the

components propagate with different velocities through

polarizer.
E0 ( z , t ) =

E0

E0 ( z , t ) =

E0

2

2

cos(Kz − ωt )xˆ +

E0

cos(Kz − ωt )xˆ −

E0

2

2

sin (Kz − ωt ) yˆ

(3)

sin (Kz − ωt ) yˆ

(4)

The fractional axial ratio of two orthogonal vector
components is represented as:

q=

Ex
Ey

E x .T x = E y .T y

FIG. 4. A SAMPLE OF DUAL LAYER POLARIZER WHICH
CONSISTS OF TWO PERIODICSTRIPS PRINTED ON BOTH
SIDE OF INDIVIDUAL SUBSTRATE AND SEPARATED BY
THE DISTANCE

(5)

Whereas, the axial ratio is equal to 1 and TX and TY indicate
the amplitude of transmitted wave EX and EY. It means the
circular polarization is achieved by the structure.
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[ang(Ey) + ang(Ty)] – [ang(Ex) + ang(Tx)]= + nπ/2

(6)

Where n = 1, 2, 3,

Fig. 5 depicts fractional axial ratio of the E x and
Eycomponents is achieved 1.5 at 9.3 GHz and1.6 at 10.73
GHz. Meanwhile, the axial ratio bandwidth is obtained
ranging from 9.16-10.85 GHz = 16.89% bandwidth.

On the other side of the structure, the transmitted E field
decomposed in to two orthogonal components having
equal magnitudes for circular polarization.
⎢Tx⎢= Ty⎢

(7)

[ang(Ty) – [ang(Tx)] = + nπ/2

(8)

The reflection effects of the two layers of structure can
be minimized by decreasing the length, width and distance
between strips. The perfect fractional axial ratio of
transmitted two components can be realized the quality
of circular polarization from the other side of structure. In
general, the axial ratio between 0-3dB is acceptable in
order to achieve circular polarization.

In Fig. 6 the transmission loss of structure can be observed
-2.19 dB at 9.34 GHz and -1.6 at 10.73 GHz versus frequency
bands, respectively.
When the circular polarizer is illuminated by the normal
incident of x-linearly polarized wave, the outcome two
linear orthogonal vector components transmitted from
other side of circular polarizer having equal magnitudes
corresponding +90o phase difference over the frequency
bands. It means that the transmitted waves are achieved
with RHCP wave and LHCP wave. The phase difference
of two transmitted linearly polarized waves is obtained
90.9o at the 9.34 GHz and -90.4o at 10.73 GHz as represented
in Fig. 7.

FIG.5. AXIAL RATIO VERSUS FREQUENCY OF SINGLE LAYER POLARIZER

FIG.6. TRANSMISSION LOSS OF E-FIELD VERSUS FREQUENCY OF SINGLE LAYER POLARIZER IS OBTAINED UNDER THE
NORMAL INCIDENCE OF X-LINEARLY POLARIZED WAVE
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Fig. 8 shows the bandwidth axial ratio obtained ranging

As shown in Fig. 10, the transmission loss is represented

from 9.16-10.85GHZ = 16.89% bandwidth and 3.1 dB is

to corresponding resonance frequencies -22 dB at 9.59

axial ratio is calculated between 9.16and 10.85GHz,

GHz, respectively.

respectively.
Fig. 11 represents the phase difference of dual layer
Fig. 9 represents the transmittance axial ratio versus

circular polarizer. When the polarizer is illuminated by the

frequency 1.4 at 9.58 GHz. The fractional bandwidth is

incidence of polarized wave, the generated two linearly

enhanced from 9.31-11.31 GHz = 19.49%, respectively.

polarized waves from the other side of structure realize

FIG.7. PHASE DIFFERENCE OF E-FIELD VERSUS FREQUENCY OF SINGLE POLARIZER

FIG. 8.THE AXIAL RATIO BANDWIDTH VERSUS FREQUENCY OF SINGLE LAYER POLARIZER

FIG. 9. AXIAL RATIO VERSUS FREQUENCY OF DUAL LAYER POLARIZER
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the circular polarized waves along the particular

Fig. 12 shows the computed axial ratio 3.1 dB between

propagation direction. The decomposed orthogonal

9.30-11.31GHz=19.49% bandwidth and 13.99-14.08GHz=

components E x and E y have equivalent amplitudes

0.64%, respectively.

corresponding to +90o phase difference at the resonance
frequencies. The calculated phase difference of proposed

The simulation of single and dual-layer circular polarizers

dual layer polarizer is achieved 90.3o at 10.73 GHz,

are presented which produce the 90o polarization rotator

respectively.

using single and dual periodic strips along xoy planes to

FIG. 10. TRANSMISSION LOSS OF E-FIELD VERSUS FREQUENCY OF DUAL LAYER POLARIZER

FIG. 11. PHASE DIFFERENCE OF E-FIELD VERSUS FREQUENCY OF DUAL LAYER POLARIZER

FIG. 12. THE AXIAL RATIO BANDWIDTH VERSUS FREQUENCY OF DUAL LAYER POLARIZER
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convert linearly polarized wave into circular polarized
wave. The parametric analysis and transmission
characteristics of proposed single and dual-layer circular
polarized are comprehensively assessed. The good
advantages of proposed structures are to achieve optimal
bandwidth, low loss transmission, generation of RHCP
wave and LHCP wave, good circular polarization
corresponding fractional axial ratios over the frequency
bands.

The significant advantage of proposed structure is to
cover the x-band applications and achieve the large
bandwidth comparing the various reported designs. In
addition, the proposed two layer structure has simple
geometry and easy fabrication compared to other designs.
Moreover, it can be used as broadband linear polarization
converter or as polarization control devices. To better
understand the physical behaviour of dual-layer circular
polarizer on the transmission peaks, the explanation of
the transmission characteristics is provided based on the
distribution of the surface current as shown in Fig. 13.

Fig. 8 represents the axial ratio bandwidth 9.1610.85GHz=16.89% of single layer circular polarizer
attributes to low loss transmission. We have employed
significant technique to enhance the axial ratio bandwidth
by using two periodic metallic strips printed on both sides
of two substrates. It is observed that the proposed duallayer circular polarizer is achieved transmission with RHCP
wave at 9.59 GHz corresponding axial ratio bandwidth
ranging from 9.30-11.31GHz = 19.49%, as shown in Fig. 12
respectively.

The simulated surface currents at distinct resonance
frequency are shown in Fig. 13. It can be clearly observed
that the electric charges are largely confined to both
metallic strips printed on both sides of the individual
substrates. The results show that incident
electromagnetic waves excite the resonance at operated
frequency. From Fig. 13, it is shown that the surface
currents direction on the top and bottom strips is parallel
at distinct resonant frequency, which shows the good
symmetric transmission originates from the resonance.

FIG. 13. THE TRANSMISSION ORGINATES FROM RESOANCE FROM DOUBLE-LAYER CIRCULAR POLARIZER
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4.

CONCLUSIONS

In summary, the proposed dual-layer circular polarizer is
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