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Reducing Beam Aberrations of Mechanical Scanning
Transmit-array Antennas
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Lisbon, Portugal
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Abstract—There is a new demand for high gain antennas
capable of achieving wide-angle beam steering in the microwave
and millimeter wave (mmW) regimes. This work focuses on
transmit-array (TA) antennas that steer the beam using only in-
plane displacement of the TA or feed. We showed in previous
works that, for some applications, this solution can be a viable
alternative to the more costly electronic beam steering of phased
arrays. However, it is necessary to balance the trade-offs between
several factors such as gain, beam aberrations, antenna size,
maximum scanning angle and the complexity of the mechanical
steering system. This communication surveys different techniques
that we developed to improve the overall scanning performance of
these antennas.

Keywords— Wide-angle scanning, Mechanical Beam Steering,
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I. INTRODUCTION

Mobile communications, terrestrial or satellite based, are
evolving to provide wireless broadband access everywhere,
anytime, for everyone. To deal with the unprecedented data
demand that follows, the operation frequencies of these systems
are continuously increasing, trending to the mm waves. High
gain is required to compensate for the path loss, but this calls for
wide-angle beam steering to support user mobility. Antennas
must be as compact and low-cost as possible. Electronic beam
steering [1], although matching better beam agility and
compactness requirements, is too costly and usually implies
complex feeding networks with significant losses, especially at
mm-waves. Mechanical beam steering is a more affordable
alternative, although bulkier. These systems usually involve
reflector antennas [2], 3-D lenses [3] or flat zone-plate lenses [4].
Planar geometries are usually simpler to fabricate and integrate.
Lens-based systems do not suffer from feed blockage
simplifying the deployment of the antenna system. In [4] we
show that wide-beam steering can be obtained with a TA using
only in-plane movements, favouring mechanical simplicity. By
combining an offset Fresnel phase correction with the
translation and rotation of the structure (see Fig. 1) it is possible
to roughly double the scanning range relative to the typical
configuration that uses TA for boresight collimation. We
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showed that this concept can be applied for different types of
TAs [5] and generalized for dual band operation [6]. Beam
scanning aberrations depend on the size of the aperture and focal
distance. For elevation beam steering, the phase errors build up
along the aperture as the feed is displaced away from the
nominal focal point. This effect worsens as F/D decreases to
favour low profile. We introduce a few new strategies to
mitigate the effect, while keeping a reasonably low antenna
profile. These involve the design of the TA aperture, of the feed
or the co-design of both.

Il. STRATEGIES TO MITIGATE SCANNING ABERRATIONS

A. Virtual focus

This approach can be used to reduce the overall height of the
antenna, maintaining the same scan loss of a larger focal length
design. It involves the association of the primary feed with an
intermediate lens or TA as in [4] (see Fig. 1). While increasing
the primary feed (PF) directivity to ensure proper illumination
of the main TA, the small auxiliary TA also shifts down the PF
phase centre. Therefore, instead of being located near the PF
aperture as usual, the phase centre of the feed assembly is
located significantly behind the PF aperture. This technique was
applied in [4], reducing the antenna height by 20% without
affecting the overall scanning performance of the antenna.
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Fig. 1- Developed mechanical steering concept combined with the virtual focus
approach [4]
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B. Multi-pseudo focal phase correction

TAs are usually designed based on a Fresnel correction
assuming a well-defined single focal position. However, we can
optimize the TA phase correction to distribute aberrations
evenly among all beams. In Fig. 2a) we show an example where
the scanning performance of a conventional unifocal TA is
severely affected because of the low F /D = 0.33. By designing
the TA with the multi-pseudo focal phase correction, a very
significant improvement of the overall performance of the TA
can be achieved, as shown in Fig. 2b).
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Fig. 2- GO/PO analysis of the radiation patterns of a TA with F/D = 0.33 and
in-plane aperture size of 195 x 145 mm? considering: (a) conventional
unifocal phase correction; (b) multi-pseudo focal phase correction.

C. Co-design of feed illumination and TA phase correction

In all previous cases the TA is designed for a spherical
illumination. However, by having a proper co-design between
the incoming phase of the feed and the TA phase correction it
is possible to avoid the intrinsic aberrations caused by the linear
displacement of the feed. Using a GO/PO analysis we prove
this concept for a high-gain TA antenna system with F/D =
0.67 and aperture size of 600 x 450 mm?. Because we are
considering such a large aperture, aberrations rapidly dominate
as the feed is displaced relative to the TA focal position, even
for this conservative value of F/D = 0.67 (see dashed curved

in Fig. 3). However, with the proposed technique almost perfect
collimation is achieved for all feed positions (see blue solid
curve in Fig. 3).

Due to the lack of available space, the details of the
proposed methods as well as their range of applicability will be
further explained on the presentation of this communication.
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Fig. 3- Directivity of a TA with F /D = 0.67 and in-plane aperture size of

600 x 450 mm? considering a conventional unifocal phase correction for

spherical illumination (red dashed curve) and a co-design of the TA phase
correction and the feed illumination (blue solid line).

ACKNOWLEDGMENT

This work is partially supported by Fundacéo para a Ciéncia
e Tecnologia (FCT) under projects PTDC/EEI-TEL/30323/2017
(“ADAM3D”) and UIDB/EEA/50008/2020.

REFERENCES

[1] S. Ye et al,, “High-gain planar antenna arrays for mobile satellite
communications,” in IEEE Antennas Propag. Mag., vol. 54, no. 6, pp.
256-268, Dec. 2012.

[2] H. Bayer, A. Krauss, R. Stephan, and M. A. Hein, “A dual-band
multimode monopulse tracking antenna for land-mobile satellite
communications in Ka-band,” in Proc. 6th Eur. Conf. Antennas Propag.
(EuCAP), Prague, Czech Republic, Mar. 2012, pp. 2357-2361.

[3] J. R. Costa, C. A. Fernandes, G. Godi, R. Sauleau, L. Le Coqg, and H.
Legay, “Compact Ka-band lens antennas for LEO satellites,” in IEEE
Trans. Antennas and Propag., vol. 56, no. 5, pp. 1251-1258, May 2008.

[4] E. B. Lima, S. A. Matos, J. R. Costa, C. A. Fernandes and N. J. G.
Fonseca, “Circular Polarization Wide-Angle Beam Steering at Ka-Band
by In-Plane Translation of a Plate Lens Antenna," in IEEE Transactions
on Antennas and Propagation, vol. 63, no. 12, pp. 5443-5455, Dec. 2015.

[5] P. Naseri, S. A. Matos, J. R. Costa and C. A. Fernandes, "Phase-Delay
Versus Phase-Rotation Cells for Circular Polarization Transmit Arrays—
Application to Satellite Ka-Band Beam Steering," in IEEE Transactions
on Antennas and Propagation, vol. 66, no. 3, pp. 1236-1247, March 2018.

[6] S.A.Matos et al., "High Gain Dual-Band Beam-Steering Transmit Array
for Satcom Terminals at Ka-Band," in IEEE Transactions on Antennas
and Propagation, vol. 65, no. 7, pp. 3528-3539, July 2017.



