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Abstract—Planar reflectarray antennas with spherical phase 
distribution are studied in this paper. Analytical expressions are 
derived for the aperture phase distribution, and the restricted 
aperture approach is used to minimize the effects of spherical 
aberration. The optimal feed position is determined by means of 
a phase error analysis, and a planar reflectarray with 30 dB gain 
and 30 degrees elevation coverage is studied for two-dimensional 
beam-scanning. These studies show that planar reflectarrays with 
spherical phase distribution can be a suitable choice for high-gain 
two-dimensional beam-scanning applications. 

I. INTRODUCTION 
     Planar microstrip reflectarray antennas have shown a 
momentous promise as the new generation of high-gain 
antennas [1]. They are also quite suitable for applications 
requiring high-gain beam-scanning. The beam of a reflectarray 
antenna can be scanned by displacing the feed, essentially 
utilizing the reflector nature of the reflectarray antenna [2]. 
Alternatively one can equip the elements on the reflectarray 
aperture with a phase tuning mechanism [3]. While both design 
approaches are suitable for beam-scanning applications, the 
drawback of the latter approach is the complicated design of 
phase shifter reflectarray elements [4], and in many cases a 
passive array with a movable feed system will be more 
advantageous. 
     The conventional reflectarray antenna is designed based on 
the phase compensation of a comparable parabolic reflector 
antenna, however similar to parabolic reflectors; the scan 
performance of these parabolic-phase planar reflectarrays is 
quite poor [2, 5]. On the other hand, spherical reflector 
antennas are well suited for application requiring high-gain 
wide-angle beam-scanning [6], and since in a reflectarray 
design one has direct control over the element phase shifts, we 
can design the aperture to realize a spherical-phase distribution. 
     The goal of this work is to study the performance of planar 
reflectarray antenna with spherical phase distribution. In the 
first stage, analytical expressions are derived for the phase 
distribution of spherical-phase reflectarrays. Next, the restricted 
aperture approach is used to minimize the effects of spherical 
aberration, and numerical studies are performed to determine 
the optimal focal of these planar designs. A 2-D beam-scanning 
reflectarray antenna with 30 degrees elevation coverage and 30 
dB gain is studied which shows a good performance. The 
results presented in this work demonstrate that planar 

reflectarrays with spherical-phase distribution can be a suitable 
choice for high-gain two-dimensional beam-scanning 
applications. 

II. SPHERICAL PHASE DISTRIBUTION FOR PLANAR 
REFLECTARRAY ANTENNAS 

     Conventionally, the elements on the  reflectarray antenna 
aperture are designed with a parabolic phase distribution, 
essentially creating a planar surface which mimics a parabola. 
However, similar to parabolic reflectors, the scan range of 
these parabolic-phase planar reflectarrays by means of lateral 
displacement of the feed is limited to a few beam-widths [2]. 
On the other hand, spherical reflector antennas have been 
recognized for years as a suitable design for wide-angle high-
gain beam-scanning applications [6], and as such it could be 
advantageous if one designs the phase distribution on the 
reflectarray aperture based on the phase compensation of a 
comparable spherical reflector.    

 
Fig. 1. The cross-sectional geometry of a spherical-phase reflectarray antenna. 

     To design a reflectarray antenna with spherical phase 
distribution, the elements on the reflectarray aperture have to 
compensate for the phase of the sphere (Δφ). To achieve a 
similar performance as the spherical reflector, the reflectarray 
is designed with the same subtended angle. A geometrical 
model of the reflectarray antenna system is given in Fig. 1, 
where RS is the radius of the sphere and DS is the diameter of 
the spherical reflector. RSRA and Rfeed are the vectors from the 
center of the sphere and the feed antenna to any point on the 
aperture of the reflectarray, respectively. DSRA is the diameter 
of the spherical-phase reflectarray. The required element phase 
shift for the elements on the spherical-phase reflectarray 
aperture can then be calculated using )(2 0 SSRA RRk −=ψ . It is 
worthwhile to point out that for the spherical-phase 

1670978-1-4673-5317-5/13/$31.00 ©2013 IEEE AP-S 2013



reflectarray, once the radius of the corresponding sphere is 
selected; the elements phase is independent of the feed 
position. Thus the task is to determine the optimum position of 
the feed. 

III. OPTIMUM FEED POSITION AND SCANNED PATTENS FOR 
SPHERICAL PHASE REFLECTARRAY ANTENNAS 

     The proposed spherical-phase distribution for the planar 
reflectarray could prove to improve the scan range of the 
antenna, however similar to spherical reflectors, these 
reflectarrays will also exhibit poor collimating properties due to 
spherical aberrations. To minimize the adverse effects of 
spherical aberration, two general approaches have been 
developed over the years. The first approach uses a restricted 
aperture and a reflector with a sufficiently large radius. The 
second approach uses techniques for compensation of spherical 
aberration, which allows one to utilize a larger aperture. 
However, the later approach is generally more complex and it 
also reduces the useful angle of scan [6]. Here, we use the first 
approach, and only illuminate a small portion of the aperture 
(Dill) which has the minimum phase error. The total aperture 
size will then depend on the required scan range. 
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Fig. 2. Phase error over the aperture of a spherical-phase reflectarray antenna. 
 
     The optimal focal length for the spherical reflector is 
determined by the minimum of the phase error curve for any 
given aperture [6], which is typically close to the paraxial 
focus. Here we use a similar approach, and determine the 
optimal focal of the reflectarray, by computing the normalized 
phase error of all the elements in the restricted aperture. The 
numerical results given in Fig. 2 are for a spherical-phase 
reflectarray with a diameter of 48λ, which is designed for an 
illuminated aperture of 15λ and 30° elevation coverage. The 
corresponding radius of the sphere is Rs = 23.125λ. It can be 
seen that for the broadside beam (θi = 0°), the minimum phase 
error is achieved for a feed which is placed at Z = 11.1λ. 
Unlike spherical reflectors however, the focal length for a 
spherical-phase reflectarray is dependent on the beam direction 
and both the optimal focal and the minimum phase error 
increase monotonously as the scan angle is increased. This is 
due to the fact that for scanned beams, the circular aperture 
with minimum phase error is transformed into a conic section 
with a somewhat larger aperture. Moreover unlike a sphere, the 
beam direction is not normal to the local surface. As a result of 
these effects, some degradation in pattern shape, beam 
deviation, and scan loss will be observed with spherical-phase 

reflectarrays; however the optimal focal point will ensure that 
these effects are minimized. 
    The scanned patterns of this spherical phase reflectarray with 
the feed placed at focal optima (the curve minimums from Fig. 
2) is given in Fig. 3, where it can be seen that the side-lobe 
level increase is less than 8 dB over the entire scan range. An 
almost similar pattern is observed in all azimuth planes. The 
gain variation across the scan coverage is also less than 0.7 dB 
which is a notable improvement over the conventional 
parabolic type reflectarrays which typically exhibit a scan loss 
in excess of 3 dB for such coverage. 
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Fig. 3. Scanned patterns for the spherical-phase reflectarray antenna. 

IV. CONCLUSIONS 
Design of planar reflectarray antennas with spherical phase 

distribution for two-dimensional beam-scanning is studied in 
this paper. First analytical expressions are derived for planar 
reflectors with spherical phase distribution. In the next stage 
the restricted aperture approach is used to minimize the effects 
of spherical aberration, and the optimal position of the feed is 
then determined by means of a phase error analysis. A planar 
reflectarray with 30 dB gain and 30 degrees elevation coverage 
is studied for two-dimensional beam-scanning. The results 
presented in this work demonstrate that spherical-phase 
reflectarray antennas can be a suitable choice for high-gain 
two-dimensional beam-scanning applications. 
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