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ABSTRACT A low-profile and wideband transmissive polarization rotator is proposed in this article. The
wideband performance is accomplished by utilizing a curved bowtie resonator. The proposed wideband
design exhibits a simulated bandwidth of 129.07% for at least 90% cross-transmission coefficient. The
operating bandwidth is from 22.8 GHz to 105.8 GHz and the structure thickness is 0.082 λmax, where λmax
is the free-space wavelength at the lowest operating frequency. A comparison with previously reported
wideband polarization rotator designs is performed to highlight the notability of the proposed design
regarding the wideband performance and structure thickness. In addition, in-band notches are utilized within
the wide operating band to accomplish a transmissive polarization rotator with multiple operating bands.
Single and double notches are employed to achieve polarization rotator designs with dual- and tri-band of
operation, respectively. Moreover, the proposed multiband technique enables bandwidth adjustment. The
prototype is fabricated and experimentally studied and is found to be highly correlated to the numerical
estimation.

INDEX TERMS Multiband, polarization conversion, transmissive polarization rotator, wideband.

I. INTRODUCTION
A transmissive polarization rotator is a structure capable of
transmitting and converting the polarization of the incident
electromagnetic wave by 90◦ within a certain frequency band.
The transmission-type polarization rotators are instrumental
for applications that require separation of wave polarization
such as polarimetric imaging radar or radiometers, radars,
transmitarray antenna, and filtennas [1]. Several techniques
were utilized in previous literatures to implement transmis-
sive polarization rotators, as detailed in [2]. In detail, there
are examples such as multilayer inclined wire grids [3] and
[4], cascaded meander lines [5], substrate integrated waveg-
uide [6]–[9], and 45◦ twisted resonator sandwiched between
two orthogonal wire grid layers [2], [10]–[15]. Utilizing the
last technique, wideband transmissive polarization rotators
were realized by employing zigzag-shaped resonator [12]
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while achieving 99% operating bandwidth. In [13], 92.6%
operating bandwidth was accomplished by utilizing a single
split-ring resonator. Elliptic and double split-ring resonators
were employed [2] to achieve 115% and 119.5% bandwidths,
respectively. However, the structure was relatively thick and
unstable due to the exitance of air gaps between layers. In this
article, a very wideband and stable transmissive polarization
rotator is proposed. The proposed design employs a curved
bowtie resonator in between two orthogonal wire grid layers.
Moreover, this enables a much thinner topology in compar-
ison to previous studies, which becomes advantageous for
real-life applications.

Amultiband transmissive polarization rotator was reported
in [2] utilizing multiple strip resonators. Each resonator was
responsible for each frequency band. In this article, a new
technique that involves generating band notches within the
operating spectrum is presented. By doing so, a multiband
transmissive polarization rotator is accomplished and by
tuning the position of the notches, the bandwidth of each

VOLUME 9, 2021 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/ 44751

https://orcid.org/0000-0002-0397-0198
https://orcid.org/0000-0002-9002-4860
https://orcid.org/0000-0002-0224-7280
https://orcid.org/0000-0002-2781-7964


A. A. Omar et al.: Wideband Transmissive Polarization Rotator With In-Band Notches

transmission band can be independently adjusted. The nov-
elties of this article are summarized as follows.

1) A thin and wideband transmissive polarization rotator
is proposed employing a well-designed curved bowtie
resonator.

2) A new technique to accomplish multiband response
is also reported for the first time. This technique
employs the wideband design in point#1 along with
vertically oriented strip resonators operate as band
notches.

3) Easy design, easy tuning, and mechanical stability
are considered as advantages of the newly proposed
technique.

The evolution process of the proposed design is presented
along with a performance comparison with designs reported
in the literature. In addition, the multiband topology is pro-
posed, fabricated, and measured. Finally, a conclusion is
presented.

II. WIDEBAND TRANSMISSIVE POLARIZATION ROTATOR
A. WIDEBAND UNIT CELL
Fig. 1(a) illustrates the 3D view of the proposed wideband
transmissive polarization rotator unit cell and array structure.
The detailed dimensions including the lamination details are
also shown in the figure. The unit cell consists of three
copper layers, the first layer is copper wire grids oriented in
the y-direction, which only transmits the x-polarized wave.
The second layer is the 45◦ tilted curved bowtie resonator
and this layer determines the overall performance of the
rotator. The operating mechanism of the presented polarizer
maybe simplified as shown in Fig. 1(b). The x-polarized
wave that passed through the first layer is decomposed into
two perpendicular components due to the existence of the
45◦ tilted curved bowtie resonator, as shown in Fig. 1(b).
One component is parallel to the 45◦ tilted curved bowtie
resonator, while the other component is perpendicular. The
parallel component is reflected back to the first layer, at
which it is decomposed into two components then reflects
the y-polarized component to the middle layer and so on.
The perpendicular component to the 45◦ tilted curved bowtie
resonator is transmitted to the third layer and the y-polarized
component can pass through it. Although the conversion effi-
ciency of themiddle layer is not that high, multiple reflections
enable the total efficiency of the whole structure to be very
high, as shown in Fig. 1(c). The simulated S-parameters
are demonstrated in Fig. 1(c), which are obtained by using
the full-wave simulator CST Microwave Studio and high-
frequency structure simulator (HFSS). To mimic an infi-
nite periodic structure, the periodic boundary conditions are
applied along x- and y-directions of the unit cell. The pro-
posed transmissive polarization rotator exhibits a bandwidth
of 129.07% from 22.8 GHz to 105.8 GHz with at least
90% cross-transmission. The thickness of the structure equals
0.082 λmax, where λmax is the free space wavelength at the
lowest operating frequency.

FIGURE 1. (a) Detailed unit cell dimensions and 3-D structure view of the
proposed wideband transmissive polarization rotator. (b) Simplified
explanation of the rotation mechanism. (c) Simulated co-reflection and
cross-transmission coefficients under normal incidence (a = 1.6 mm, εr =

3.5, h = 0.51 mm, L = 1.5 mm, w1 = 0.267 mm, w2 = 0.1 mm, r1 = 0.6
mm, r2 = 0.75 mm).

B. EVOLUTION PROCESS
The evolution process of the middle resonator is illustrated in
Fig. 2. It starts with a strip resonator reported in [11], which
produces a single band at 60 GHz when its length is equal to
λg/2, where λg is the guided wavelength. The operating band
is enlarged, and its lower edge is reduced by employing an
arrow bowtie resonator. The upper edge of the operating band
is shifted forward by creating short resonators at the corners
of the curved bowtie.

A comparison between the proposed design and designs
reported in the previous literature is conducted and presented
in Table 1. The proposed design exhibits the widest operating
bandwidth with the thinnest structure. Mechanical stability
is also satisfied in the proposed design since there are no
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FIGURE 2. (a) Strip resonator. (b) Arrow bowtie resonator. (c) Proposed
resonator. (d) Simulated cross-transmission coefficient under normal
incidence (a = 1.6 mm, εr = 3.5, h = 0.51 mm, LS = L = 1.5 mm, w1 =

0.267 mm, w2 = 0.1 mm, r1 = 0.6 mm, r2 = 0.75 mm).

TABLE 1. Simulated comparison between the proposed wideband
transmissive polarization rotator design and other designs reported in the
previous literature (Ref.: Reference, BW: Bandwidth, tstructure: Structure
thickness, UCsize: Unit cell size).

air layers, which makes the proposed design suitable for
practical applications. In addition, the proposed unit cell size
is relatively small compared with the reported designs in the
literature.

III. MULTIBAND TRANSMISSIVE POLARIZATION
ROTATOR
A. DUAL-BAND UNIT CELL
In this section, a multiband transmissive polarization rotator
is proposed. By producing one and two notches within the
operating bandwidth of the previously proposed wideband

FIGURE 3. (a) Proposed dual-band transmissive polarization rotator.
(b) Simulated co-reflection and cross-transmission coefficients under
normal incidence for different LS value (inset, simulated vector surface
current distribution at 60 GHz) (a = 1.6 mm, εr = 3.5, h1 = 0.51 mm, h2 =

0.25 mm, L = 1.5 mm, w1 = 0.267 mm, w2 = 0.1 mm, r1 = 0.6 mm, r2 =

0.75 mm).

design, dual- and tri-band transmissive polarization rotators
are accomplished, respectively. The main idea is to insert a
bandstop resonator in front of the curved bowtie resonator.
Fig. 3(a) shows the 3-D view of the dual-band unit cell.
The front and back layers are wire grid layers orthogonally
oriented to each other. The second layer is a single strip
resonator oriented in the x-direction to produce a single notch
within the wideband transmissive rotator bandwidth, which
is produced by the curved bowtie resonator. The employed
bowtie resonator is the same as the one utilized in Fig. 1.
The simulated S-parameters are shown in Fig. 3(b). When
the length of the strip resonator equals 1.3 mm, simulated
bandwidths of at least 90% cross-transmission of the resul-
tant dual-band transmissive rotator are 33.9% and 53.6% for
the first and second bands, respectively. The vector surface
current distribution at 52 GHz is shown inset of Fig 3(b). It is
clear that the strip resonator is responsible to produce that
notch. By changing the strip’s length, the location of the notch
can be tuned, hence, the bandwidths of the two bands are also
tuned.

B. TRI-BAND UNIT CELL
The tri-band polarization rotator is accomplished by introduc-
ing another band notch with a different resonant frequency, as
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FIGURE 4. (a) Unit cell details of the proposed tri-band transmissive
polarization rotator. (b) Simulated co-reflection and cross-transmission
coefficients under normal incidence (inset, simulated vector surface
current distributions at 60 and 89 GHz) (a = 1.6 mm, εr = 3.5, h1 =

0.51 mm, h2 = 0.25 mm, LSl = 1.3 mm, LSh = 0.85 mm, L = 1.5 mm, w1 =

0.267 mm, w2 = 0.1 mm, r1 = 0.6 mm, r2 = 0.75 mm).

FIGURE 5. Simulated co-reflection and cross-transmission coefficients
under normal incidence. (a) Different LSl value and LSh = 0.85 mm.
(b) Different LSh value and LSl = 1.3 mm.

shown in Fig. 4. Three bands of 38%, 22.2%, and 9.8% band-
widths with 90% polarization conversion ratio are achieved.

FIGURE 6. (a) Photograph of the fabricated prototype. (b) Photographs of
the measurement setup. (c) A comparison between the simulated and
measured co-reflection and cross-transmission coefficients under normal
incidence.

These bandwidths may be adjusted by tuning the length of
each strip to match the required operating bands. The simu-
lated vector current distributions at the dual-band notch fre-
quencies are shown inset of Fig. 4(b). It is clear that the lower
frequency notch is produced by the long strip. In addition,
the higher frequency notch is generated by the short strip.
The bandwidth of the three bands can be simply controlled
by changing the frequency location of both notches. The
simulated co-reflection and cross-transmission coefficients
for different Lsl and Lsh values are shown in Fig. 5.

C. FABRICATION AND MEASUREMENT
To validate the simulated results, the proposed tri-band
transmissive polarization rotator design is fabricated and
measured. Fig. 6(a) shows the 2-D view of the fabricated
layers, wire-grid, curved-bowtie, and bandstop layer. The size
of the fabricated structure is approximately 96 mm× 96 mm,
which consists of 60 × 60 unit-cells. Taconic RF-35TC
material [16] is used as the substrate material (εr = 3.5,
tanδ = 0.0011 @ 10 GHz). It is worth mentioning that
during simulation, the frequency dispersive characteristics
of the dielectric material were incorporated to get accurate
results. The measurement setups for both co-reflection and
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cross-transmission coefficients are shown in Fig. 6(b). In co-
reflection measurement, both horns are utilized with the same
polarization. While in cross-transmission situation, the polar-
ization of both horns is perpendicular to each other’s. A com-
parison between themeasured and the simulated co-reflection
and cross-transmission coefficients under normal incidence is
shown in Fig. 6(c). Three sets of standard-gain horn antennas
are used in the measurement. PowerLOG 40400 horn antenna
is employed to cover the frequency range from 10 GHz
to 40 GHz, the AT6024H horn antenna is utilized to cover
the frequency range from 50 GHz to 67 GHz. To cover the
rest frequency band, 67 GHz to 110 GHz, the LB-10-20-A
horn antenna along with a frequency extender are employed.
Due to the fabrication tolerance and measurement errors,
marginal discrepancies between the measured data and sim-
ulated results exist.

IV. CONCLUSION
A stable and wideband transmissive polarization rotator has
been proposed. A bandwidth of 129.07% from 22.8 GHz
to 105.8 GHz has been accomplished. The development of
the proposed unit cell originates from the strip resonator
has been conducted. A comparison has been conducted with
the reported polarization rotator designs in the literature.
It is concluded that the proposed rotator design exhibits
two advantages in terms of wideband characteristics and
structural stability. A new technique to achieve a multiband
polarization rotator has been introduced. By inserting band
notches inside the wide operating band of the polarization
rotator, multiple bands have been accomplished. The pro-
posed tri-band polarization rotator design has been fabri-
cated and successfully measured to validate the simulated
estimations.
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