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Abstract—This paper presents a metal-only transmitarray
unit-cell exhibiting polarization twisting which allows reducing
side lobe level of transmitarray radiation. This dominant
capability is proposed and illustrated by two versions of a metal-
only unit-cell consisting of four or three identical layers
separated by quarter-wavelength spacers at 18.75 GHz (4 mm).
The unit-cell is based on C-shaped slot, and the phase variation is
achieved by varying the inner radius of the slot. The linear
polarization is twisted by gradually rotating consecutively each
layer with the same rotation angle.

Keywords—metal-only transmitarray, Ka-band, Satcom

I. INTRODUCTION

Transmitarray antennas (TAs) are alternatives to traditional
antenna types like reflectors or phased-arrays, for future high-
gain applications thanks to its spatially-fed configuration and
flat radiating aperture. Many TA prototypes have been
demonstrated in the past by using printed circuit board (PCB)
technology; however the associated fabrication cost may
remain expensive for commercial extremely low-cost
applications. This motivates the current strong interest in cheap
solutions called metal-only transmitarray antennas (MOTALS).
Successful experiments have been demonstrated in X-band [1]
and Ku-band [2] with good radiation characteristics.

Polarization manipulation is presented in several
transmitarray prototypes realized by PCB fabrication. The
main key point of these configurations is based on via-hole
structures in which the receiving and transmitting layers are
separated by a common ground plane, and they interact each
other by a via, as described in [3],[4]. Therefore the
polarization at each side of the unit-cell depends on their patch
geometries and orientation, which can lead to different
polarization directions. In other prototypes, polarization
manipulation is implemented by stacking patches with variable
length and width to convert linear to circular polarization by
differentiating 90°-transmitted phase between orthogonal linear
polarized (LP) waves (e.g. [5]). When using MOTAs, there is
no substrate, and microstrip patches cannot stand alone without
support; hence, implementation of this capability is restricted.
We introduce here a new technique to twist the LP incident
wave to arbitrary LP transmitted wave with capability of beam
forming in specific direction.
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The unit-cell is based on a wideband C-shaped slot
frequency selective surface exhibiting spectral bandpass filter.
The rotation technique is applied for each layer to change the
polarization at radiating side. In this work we illustrate
polarization control of low-cost MOTAs in the Satcom
downlink K-band (17.7-21.2 GHz). The technique to control
polarization is described in Section II. The numerical results
are presented in Section Il with polarization conversion from
y-direction to x- or 45°-inclined direction.

4 mm

(b)
Fig. 1. MOTA unit-cell converting y-polarized incident wave to 45°-inclined
polarized outgoing wave: (a) Four-layer design, and (b) three-layer design.

Il. POLARIZATION CONTROL TECHNIQUE

Twisting polarization orthogonally between receiving and
transmitting side of transmitarray is an effective way to reduce
the side lobe level [6] when part of it is due to spill-over
radiation from feeding horn [7]. The three-dimensional
geometry of the proposed unit-cell is depicted in Fig. 1 for a
particular case illustrating polarization conversion from y-
direction to 45°-inclined direction. The unit-cell proposed in
this paper is an evolution of the linearly-polarized C-slot unit-
cell described in [8]. The unit-cell edge is 7 mm, and the metal
layer thickness equals 500 um. A multi-layer configuration is
selected to provide a phase-shift with a separation of 4 mm
between two consecutive layers (see Fig. 1a for the four-layer
design and Fig. 1b for the three-layer one). The transmission
phase is shifted by varying the inner radius r; of the C-shaped
slot, as shown in Fig. 1 with fixed outer radius of 3.3 mm.

For the 4-layer case (Fig. 1a), polarization control is
obtained by rotating uniformly the C-shaped slots of three
layers (layers #2, #3 and #4) consecutively by an equal amount



of angle so that the field radiated by the last layer (layer #4 in
Fig. 1) is polarized in the desired direction. This is applicable
to any unit-cell in stacked configuration with at least three

layers.
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Fig. 2. Transmission coefficients in magnitude and phase as a function of the
inner diameter r; for x-polarization of the four-layer MOUC.
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Fig. 3. Transmission coefficients in magnitude and phase versus the inner
diameter r; for 45°-inclined polarization for four-layer MOUC.

I1l. PARAMETRIC STUDY

The metal-only unit-cells (MOUC) have been characterized
numerically by full-wave simulations using Ansys HFSS v.15
with periodic boundary conditions. The MOUCs are excited by
two Floguet ports at the bottom (Port 1) and top (Port 2) to
compute the two-port scattering matrix. Demonstration of
polarization twisting is provided for two cases: (i) x-polarized
and (ii) diagonally-polarized outgoing wave. In all cases the
incident wave is polarized along y-axis. In the first case, for the
four-layer MOUC (Fig. 1a), the rotation angle is 15° between
each layer, while in the second case, this angle equals is 30°.
For the three-layer design (Fig. 1b), rotation angles equal 22.5°
and 45° for cases (i) and (ii) respectively. The transmission
coefficients for case (i) is denoted by S,7 while for case (ii) it
is derived as follows

45°— 1
s = (s -

The transmission coefficients at 19 GHz are depicted in
Fig. 2 and Fig. 3 for cases (i) and (ii), respectively. In both
cases, the unit-cells exhibit a phase-shift of 360° with insertion
loss below 1.5 dB when the inner radius varies between 1.8
mm and 2.8 mm or from 1.6 mm to 2.8 mm in case (i) or case
(ii), respectively. As nearly-linear transmission phase curves
are observed, the proposed unit-cells are rather robust with

respect to fabrication uncertainties (around 50 pum by laser
machine). For both polarization scenarios, the characteristics of
the MOTA unit-cell are very promising and suitable for
realization of MOTA:s.
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Fig. 4. Transmission coefficients in magnitude and phase as a function of the
inner diameter r; for x-polarization of the three-layer MOUC.

This technique is also eligible for three-layer unit-cell in
both cases; nevertheless, phase range is reduced to around 270°
with transmission magnitude better than -3 dB at 19 GHz (see
Fig. 4, transmission coefficients in the case (i) for x-polarized
output wave). The similar behavior is also observed in the case
(i) for the three-layer MOUC.

IVV. CONCLUSIONS AND PERSPECTIVES

Metal-only unit-cells based on C-shaped slot have
demonstrated a capability of linear polarization manipulation.
This characteristic is very convenient to obtain desired
polarization direction for a low-cost transmitarray solution.
This unit-cell is possibly scalable to adapt many frequency
bands to serve plenty of applications (5G Satcom links, front-
and backhaul links, etc...).
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