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Fully Metallic Dual-Band Linear-to-Circular
Polarizer for K/K,-band

Johan Lundgren ", Oskar Zetterstrom

Nelson J. G. Fonseca

Abstract—A dual-band polarizer is presented that converts lin-
ear polarization into circular polarization with orthogonal hand-
edness in the satcom bands 19.7-20.2 GHz and 29.5-30 GHz. The
polarizer consists of three identical cascaded perforated metallic
screens, whose perforations are periodically repeated crosses of two
sizes. Unlike previously reported dual-band polarizers, our design
is fully metallic, which results in low losses and makes it suitable for
space applications. A prototype of the polarizer with 20 X 20 unit
cells is manufactured, and the measurement results agree well with
the simulated results. In the nominal satcom bands, the measured
axial ratio and the insertion loss are better than 1.7 and 0.67 dB. In
the bands 18.9-20.3 GHz and 29.1-30.1 GHz, the measured axial
ratio and insertion loss are below 3 and 1 dB.

Index Terms—Circular polarization, dual-band polarizer, fully
metallic, K/K,-band, polarization conversion.

1. INTRODUCTION

LECTROMAGNETIC waves with circular polarization

(CP) play an important role in satellite and point-to-point
communication. Compared to linear polarization (LP), com-
munication using CP has the benefit that the transmitting and
receiving antennas do not have to be aligned to maximize the
transferred power [1]. Additionally, the polarization state of CP
waves is not altered by the Faraday effect [2].

Electromagnetic waves with CP are generated from, e.g., heli-
cal antennas [1] or log-spiral antennas [3] with the corresponding
excitation. In these antennas, the handedness of the spiral or
helix determines the handedness of the CP. Consequently, these
antennas cannot provide dual-band properties with orthogonal
handedness in the two separate bands, a feature that is desired in
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broadband satellite communications [4]. Alternatively, crossed
dipoles fed in quadrature [5] and patch antennas [6] can be used
to generate waves with CP. However, crossed dipoles and patch
antennas are narrow-band and low-directive antennas, which
makes them inadequate for some applications. Furthermore,
patch antennas require supporting substrates that are lossy at
millimeter-wave frequencies.

Alternatively, a polarizer can be used to transform LP to
CP. This enables the use of antennas that inherently have LP
in systems where CP is required. For instance, fully metallic
aperture antennas integrated with an LP-to-CP polarizer can be
used to produce cost-effective high gain CP antennas [7]-[12].
Additionally, a LP-to-CP polarizer readily generates orthogonal
handedness in different bands.

A LP-to-CP polarizer can be treated as an anisotropic
frequency selective surface (FSS), where the transmission
characteristics are different depending on the polarization
orientation of the incident wave. By cascading multiple FSS
layers it is possible to improve the bandwidth [13] and the
control of the scattering properties [ 14]. Ithas been demonstrated
that three layers or more are required to design a LP-to-CP
polarizer with no insertion loss (IL) at two frequencies [15]. A
multimodal circuit model approach can be used to efficiently
analyze FSSs, additionally providing physical insight into their
operation [16]-[21].

Different types of LP-to-CP transmit polarizers have been
proposed in the scientific literature. For instance, metal strip
polarizers [15], [22] and meander-lines [23]-[28] photo-etched
or printed on dielectric substrates have been designed for single-
band applications. Moreover, a wideband multilayer single-band
polarizer based on split-rings bisected by strips was proposed
in [29]. Dual-band polarizers with orthogonal handedness of the
polarization in the two bands have been presented [30], [31] and
recently proposed for broadband satcom services [32]-[35]. The
aforementioned designs require a mechanical support structure
(usually a substrate), which is a source of losses at millimeter-
wave frequencies. Alternatively, slot-based geometries can be
employed. These structures can be made fully metallic and are,
thus, suitable for high frequency applications [36]-[38].

In this letter, a slot-based dual-band polarizer is proposed
for the K/K,-band allocated to satellite broadband services. It
consists of three perforated screens separated by an air gap. The
perforations in each screen are made of two sets of periodi-
cally repeated cross-shaped slots, one set for each band. The
slot-based geometry allows for a fully metallic implementation,
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which results in a high efficiency. Additionally, by using three
screens, we obtain a low IL in two separate bands with service-
able bandwidth. The operation in the different bands, and in par-
ticular the CP handedness, is nearly independently controlled.
The polarizer converts LP into right-hand CP (RHCP) in the
lower band (19.7-20.2 GHz) and the same LP into left-hand CP
(LHCP) in the upper band (29.5-30 GHz). With a criteria of
3 dB to define the axial ratio (AR) bandwidth, the polarization
conversion is extended over the bands 19.3-20.6 GHz and
28.8-30.3 GHz, respectively.

II. POLARIZER OPERATION PRINCIPLE

The E-field of a time-harmonic CP wave propagating in the
+z-direction can be written in terms of two orthogonal waves
with LP as

ECP — EO efjk‘zi\(_i_Eo efj(kziﬂ/Q)y (1)

where Ej is the amplitude of the field, k is the wavenumber,
and the e/*!-dependence is suppressed. The proposed polarizer
presented in this letter operates by introducing the required
+7/2 phase difference between two orthogonal LP impinging
waves initially in-phase. In many cases, the feed antenna emits
only waves with one LP. However, by tilting the feed 6 = 45°
with respect to the polarizer, the incident waves at the polarizer is
decomposed into two orthogonal components that are in-phase
with equal magnitude. This concept is illustrated in Fig. 1, where
the tilting angle 9 is indicated and the impinging wave with LP
is decomposed as

E' = Egje %% + Ege %y . )

The performance of the polarizer is evaluated by considering
the E-field transmitted through the polarizer. Decomposing the
transmitted E-field into two orthogonal waves with LP gives

E' = (B,X + E,9)e " = (|E,|e % + | E,|e 17vy)e I

3)
and the transmission coefficient of an z-polarized (y-polarized)
wave through the polarizer is defined as E, /Ey (E,/Ep). It is
desired to have low IL for both orthogonal polarizations, and in
this letter, we target an IL below 1 dB. The phase difference
between the two waves with orthogonal LP at the polarizer
output is defined as

Ap =y — @z 4)

where a phase difference of —90° results in conversion to
RHCP and, a phase difference of +90° results in conversion
to LHCP [39]. The AR of the transmitted wave is defined as [1]

B+ B2~ Va
where a is given by
a=|E.|* + |E,* 4+ 2|E.|?|E,|* cos(2A¢) . (6)

III. POLARIZER DESIGN

The unit cell of the proposed polarizer is illustrated in
Fig. 1(a), where the gray area represents metal. In Fig. 1(b), the
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Fig. 1. (a) Unit cell of the proposed polarizer and illustration of the conversion
between LP and CP. (b) 2 x 2 unit cells.

periodic arrangement of the unit cell is illustrated. The polarizer
consists of three identical perforated screens. The perforations
consist of two sets of crossed slot openings, one large and one
small for the low and high frequency band, respectively. The
dimensions of the horizontal (vertical) slots in the crosses mainly
affect the transmission amplitude and phase of the y-polarized
(x-polarized) waves, with the larger (smaller) crosses affecting
primarily the response in the lower (higher) frequency band. By
using different lengths of the two orthogonal slots for the same
band, a phase shift is introduced between the two polarizations.
If the vertical slot is slightly shorter (longer) than the horizon-
tal, the horizontal polarization is leading (lagging) the vertical
component and Ay becomes negative (positive). By tuning the
slots for the two bands, an LHCP wave can be achieved in one
band and an RHCP wave in the other.

The dimensions of the unit cell and distance between the
layers are optimized to achieve an IL below 0.5 dB and an
AR below 1 dB over the down-link (19.7-20.2 GHz) and the
up-link (29.5-30 GHz) frequency bands for broadband satcom.
These requirements are the main motivation for a multilayer
design, since a single-layer design demonstrated to provide an
AR bandwidth below 1 dB of less than 1% [36]. Furthermore,
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TABLE I
DESIGN PARAMETERS OF THE POLARIZER

Parameter p t L1 Lo Ls Ly
Value (mm) 9.6 0.5 825 79 5.0 54
Parameter d w1 wa w3 wy

Value (mm) 3.2 245
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Fig.2. Simulated transmission coefficient for two normally impinging orthog-
onal waves (LP). The shaded gray areas are the targeted satcom bands.

the periodicity of the unit cell is chosen so that grating lobes
are avoided in the higher frequency band at normal incidence.
This implies that the periodicity must be shorter than the wave-
length corresponding to the highest frequency of operation (i.e.,
30 GHz). However, this periodicity is also constrained by the
lowest operating frequency that defines the size of the crossed
slot opening. The dimensions of the polarizer are reported in
Table I. To facilitate the manufacturing by water cutting, the
inner corners of the slots are rounded with a radius of 0.225 mm.

IV. SIMULATION RESULTS OF THE POLARIZER

The structure in Fig. 1 is simulated using the frequency
domain solver of CST Microwave Studio with periodic boundary
conditions in the z- and y-directions [40]. The amplitude of the
transmission coefficients for the two orthogonal LP waves under
normal incidence are presented in Fig. 2. The transmission for
both polarizations is above —(0.61 dB in the nominal satcom
bands from 19.7-20.2 GHz and 29.5-30 GHz. The phase dif-
ference Ay is presented in Fig. 3, where it can be observed that
orthogonal handedness of the polarization is achieved in the
two bands. The AR, calculated with (5), is presented in Fig. 4,
showing values below 0.8 dB over the nominal satcom bands
under consideration, and below 3 dB in the extended bands from
19.3-20.6 GHz and 28.8-30.3 GHz. The transmission coeffi-
cient for a single impinging wave with LP tilted 45° is illustrated
in Fig. 5. The simulated conversion from LP to LHCP (RHCP) in
the first (second) band is above —0.36 dB in the nominal satcom
bands, and above —1 dB in the extended bands. The simulated
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Fig. 3. Simulated transmission phase difference for two normally impinging
orthogonal waves (LP).
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Fig. 4. Simulated and measured AR of the outgoing wave (CP) with a single
impinging LP wave tilted 45°.

cross-polar transmission coefficient is below —27.5 dB in the
nominal satcom bands, and below —15 dB in the extended bands.

V. MEASUREMENT RESULTS OF THE POLARIZER

A polarizer consisting of 20 x 20 unit cells is manufactured
in aluminum using water cutting. The prototype is presented in
Fig. 6, together with the measurement setup. Slabs of Rohacell
HF 51 (¢,, = 1.06 and tan § = 0.004) are used to maintain the
distance between the metallic screens. The polarizer is placed
on a wooden stand centered between two horn antennas (with
LP). The transmission between the two antennas is measured
with the transmitting horn inclined 45° with respect to the main
axes of the polarizer. Two orthogonal polarizations are sampled
with the receiving antenna. The polarizer and the horn antennas
are separated 80 cm. The distance is chosen to reduce the edge
diffraction of the polarizer and still maintain a low phase error of
the impinging wave. Absorbing materials were attached to the
edges of the polarizer to mitigate the edge diffraction. However,
no significant effect was observed, which indicates that the edge
diffractions are small in the experimental setup.
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Fig.5. Simulated and measured transmission coefficients for the polarization
conversion.

Fig. 6. (a) Manufactured screens. (b) Close-up view of the assembled proto-
type. A €2 coin is included for size-reference. (c) Measurement setup for the
polarization conversion measurement.

The measured AR and transmission coefficient for the polar-
ization conversion are presented in Figs. 4 and 5. The polar-
ization conversion measurement is normalized to the measured
linear-to-linear transmission between the two horn antennas
without a polarizer in between. The measured conversion from
LP to CP in the nominal satcom bands is above —0.67 dB
with an AR below 1.7 dB, which corresponds to a cross-polar
transmission coefficient below —21 dB. The measured conver-
sion from LP to RHCP is above —1 dB from 18.9-20.3 GHz.
The measured conversion from LP to LHCP is above —1 dB
from 29.1-30.1 GHz. The measured AR is below 3 dB in these
frequency bands. The simulations and measurements are in
excellent agreement, apart from a 0.4 GHz frequency shift in
the lower band. This shift is attributed to truncation effects due
to the finite size of the prototype, which is more detrimental at
the lower band.

In Table II, the presented polarizer is compared to previ-
ously reported dual-band LP-to-CP polarizers. In the present
design, the measured AR is lower than the reference designs.
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TABLE II
COMPARISON WITH REPORTED DUAL-BAND LP-TO-CP POLARIZERS

Reference Center L AR Fractional Fully
Frequencies (dB) (dB) Bandwidth metallic
(GHz) (%)

[30] 5.1/6.4 <6 <3 1.2/2 No
[31] 9.8/11.8 <4 - - No
[32] 19.95/29.75  <0.7 <2 2.5/1.7 No
[33] 18.5/29 <2 <3 29/12 No
[34] 19.95/29.75 <15 <2 2.5/1.7 No
[35] 20.1/29.55 <1 <3 21/5.8 No

This work  19.95/29.75 <0.7 <1.7 2.5/1.7 Yes

The measured IL is lower or equal to the reference designs.
Importantly, the presented design is fully metallic. As a result,
the low IL is expected to be maintained at even higher frequen-
cies. Conversely, the reference polarizers require a mechanical
supporting structure that introduces losses. These losses increase
with frequency.

It is noted that the reference designs can have smaller unit
cells due to the dielectrics, compared to the present polarizer.
With smaller unit cells, the polarization transformation can be
maintained at larger oblique incidence. Further investigations
are aimed at improving the performance of fully metallic polar-
izers under oblique incidence.

VI. CONCLUSION

In this letter, a fully metallic dual-band polarizer is presented
that converts LP into CP with orthogonal handedness in two
bands, 19.7-20.2 GHz and 29.5-30 GHz. The polarizer consists
of three identical perforated metallic screens that are separated
by air gaps. The perforations consist of two interleaved periodic
arrays of cross-shaped subwavelength apertures. The apertures
have two sizes that perform the polarization conversion in one
band each. A prototype consisting of 20 x 20 unit cells is
manufactured and tested. The measured results in the finite
structure agree well with the simulated results in the periodic
environment. The measured IL is below 0.67 dB, with an AR
below 1.7 dB in the considered bands. The polarizer has a
measured IL below 1 dB and AR below 3 dB for LP to RHCP
from 18.9-20.3 GHz and for LP to LHCP from 29.1-30.1 GHz.
The polarizer may be integrated with aperture antennas suitable
for mm-wave applications, such as ground segment satcom
terminals.
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