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Abstract—Planar reflectarray antennas with parabolic-torus 
phase distribution are investigated for high-gain beam-scanning 
applications. Analytical expressions for the reflectarray aperture 
phase distribution are derived for the generalized offset 
configuration. A Ka-band planar reflectarray with 30 dB gain 
and 40 degree scan coverage is demonstrated. The study reveals 
that planar reflectarrays with parabolic-torus phase distribution 
show a momentous promise for high-gain beam-scanning. 

 

I. INTRODUCTION 
Planar microstrip reflectarray antennas [1, 2] combine the 

many favorable features of reflector antennas and microstrip 
arrays, and create a hybrid design which has shown a 
momentous promise as the new generation of high-gain 
antennas. These antennas are low-profile, low-mass, and 
relatively low-cost, which make them a suitable choice for 
various applications such as space communications. Moreover, 
they are ideally suited for high-gain beam-scanning by utilizing 
either the reflector or array nature of the reflectarray antenna 
[3, 4]. To scan the beam of a reflectarray antenna, one approach 
is to equip the elements with a phase tuning mechanism. 
Alternatively beam-scanning can be achieved by displacing the 
feed and utilizing the reflector nature of the reflectarray 
antenna. While each approach has certain limitations and 
advantages, the main advantage of the latter approach is the 
lower cost and less complexity of the passive array. The 
primary drawback however is that conventional parabolic-
phase reflectarrays suffer from poor collimating properties for 
scanned beams.  

Conventional reflectarray antennas are designed based on 
the phase compensation of a parabolic reflector with the same 
subtended angle; and as such they cannot achieve a good scan 
performance [5]. To improve the scan range, optimized 
multifocal phase distributions were proposed in [4] and it was 
shown that the scan range can be improved with some sacrifice 
in antenna gain. Wide-angle scan coverage with reflector 
antennas however can be achieved by using non-parabolic 
configurations such as the sphere or parabolic tours where 
different portions of the reflector surface is illuminated for 
producing beams in different directions. Since reflectarray 
antenna elements can realize any value of phase shift, one can 
design the aperture phase shift to mimic these beam-scanning 
reflector configurations. Recently, planar reflectarrays with 
spherical phase distribution which mimic a spherical reflector 

were proposed in [6] for 2-D beam-scanning, and full azimuth 
coverage with 30° elevation scan was demonstrated. In this 
work we study another beam-scanning reflectarray 
configuration, i.e. the parabolic-torus-phase reflectarray 
(PTPRA), which mimics the parabolic torus reflector and can 
be used for wide-angle 1-D scanning. In comparison with the 
spherical reflector, the parabolic torus reflector suffers from 
less aberration and therefore achieves a better scan 
performance. Furthermore the offset configuration eliminates 
feed blockage which is generally a concern for spherical 
reflectors. Analytical expressions are derived for the phase 
distribution of PTPRAs, and a Ka-band offset design achieving 
a scan coverage of 40 degrees is demonstrated. The results 
presented in this work demonstrate that PTPRAs can be a 
suitable choice for high-gain 1-D beam-scanning applications. 

II. PARABOLIC TORUS PHASE DISTRIBUTION FOR PLANAR 
REFLECTARRAY ANTENNAS 

The parabolic torus is generated by rotating a parabola 
about an axis which is perpendicular to the axis of the parabola. 
The beam of this hybrid reflector can scan many beamwidths 
along a circular arc in one angular plane [7 8], making it a 
suitable choice for wide-angle 1-D scanning. Taking advantage 
of these unique features of the parabolic torus, one can design a 
planar printed reflector such that it mimics the parabolic torus, 
and incorporate the many favorable features of the reflectarray 
antennas into the beam-scanning system. 

To design a reflectarray antenna with parabolic torus phase 
distribution, the elements on the reflectarray aperture have to 
compensate for the phase of the parabolic torus surface. The 
parabolic torus geometry is parabolic in one direction and 
circular in the orthogonal direction. The geometrical setup of 
the PTPRA in the parabolic plane (yz) is given in Fig. 1. The 
phase term for every element of the PTPRA that lies along this 
plane can be computed using the conventional parabolic 
equations [1]. To account for the rotation along the generating 
axis, a phase term in the orthogonal direction (x) needs to be 
added which is similar to the case of the spherical phase 
reflectarray [6]. The phase distribution on the aperture of a Ka-
band PTPRA designed with the dimensions shown in Fig. 1, is 
depicted in Fig. 2. The reflectarray has 36 elements along the 
parabolic direction and 90 elements along the circular direction 
with a unit-cell periodicity of 4.7 mm. The feed offset angle is 
20°.   

1025978-1-4799-3540-6/14/$31.00 ©2014 IEEE AP-S 2014



 
Fig. 1. Geometrical setup of the PTPRA in the parabolic (yz) plane. 

 
Fig. 2. The aperture phase distribution on the PTPRA. 

III. BEAM-SCANNING PERFORMANCE OF AN OFFSET 
PARABOLIC TORUS PHASE REFLECTARRAY ANTENNA 

To scan the beam of the offset PTPRA, the feed antenna is 
moved along the focal arc of the reflector as depicted in Fig. 3.  

 
Fig. 3. Feed displacement path for the PTPRA. 

 

This PTPRA system is designed for 40 degree scan 
coverage, i.e. -20° to +20°. The feed horn used for this 
reflectarray is a linearly polarized corrugated conical horn with 
a q value of 6.5 at 32 GHz. The scanned beam patterns from 0° 
to 20° are shown in Fig. 4, where it can be seen that a rather 
stable pattern is obtained with this design over the entire scan 
range. It is important to point out that similar to the spherical-
phase reflectarrays, the optimal focal arc for the PTPRA is not 
the same as the reflector, and moves closer to the PTPRA 
aperture as the beam is scanned. As such the scan performance 

of this design can be further improved by computing the 
optimal focal arc based on a phase error analysis [6]. It is also 
worthwhile to point out here that comparative study between 
the scan performance of parabolic torus reflectors and the 
proposed design reveals that the PTPRA can achieve a similar 
performance for wider scan coverage if required.  

 
Fig. 4. Scanned patterns of the PTPRA when the feed is moved along the focal 
arc of the reflector. 

IV. CONCLUSIONS 
The feasibility of designing planar reflectarray antennas 

with parabolic torus phase distribution has been investigated in 
this study. Analytical expressions are derived for planar 
reflectarray phase distribution, and an offset Ka-band design 
with 40 degrees scan coverage is demonstrated. This study 
reveals that PTPRAs can be a suitable choice for high-gain 1-D 
beam-scanning applications. 
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