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Abstract—The parabolic cylindrical antenna and its reflectarray 
counterpart are well known for enhanced beam steering 
capability in the focal plane. However, the radiation performance 
degrades significantly for wide scan angles, for instance gain 
dropping and beam broadening, due to increased phase errors. In 
this paper, by exploiting the phase controlling capabilities in 
reflectarrays, an improved reflectarray based on conventional 
parabolic cylinder type designs but with optimized phases is 
proposed. The design of a Ka-band microstrip reflectarray 
antenna fed by a rotatable array is presented. The preliminary 
calculated results show that after optimization the scanning 
range can be significantly increased while maintaining similar 
radiation characteristics. 

I. INTRODUCTION 
As a combination of reflectors and phased-arrays, typical 

reflectarray antennas consist of a space-fed horn and an 
aperture comprising of elements with predesigned phases to 
collimate the main beam.  In addition to pencil-beam designs, 
reflectarrays also quickly find beam-scanning applications in 
satellite communications, radars, remote sensing, and so on [1]. 

It has been shown that a beam scanning capability can be 
achieved by a parabolic cylinder antenna fed by an array along 
the focal line. And the experimental results in [2] demonstrated 
that a roughly 30° scan angle is achieved within 3-dB gain loss 
at 13.6 GHz. In order to take advantages of the low-profile, 
light-weight and easy-fabrication features of reflectarrays, a 
dual-frequency offset array-fed reflectarray, which mimics a 
parabolic cylinder, was developed in [3], which illustrated that 
the estimated directivity dropped 1.8 dB at 14.1 GHz when the 
scan angle reached 20° . However, it is noticed that the scan 
limit is still below expectations especially for some radar 
applications, such as monitoring atmospheric and 
environmental effects which usually require an exceptionally 
large field-of-view.   

In this paper, a novel reflectarray design evolved from the 
conventional design in [3] is presented to enhance the 
antenna’s scanning capabilities. The principle of a reflectarray 
mimicking parabolic cylinders is briefly described at first. The 
calculated radiation patterns using the array theory method [4] 
are presented to analyze the associated phase errors. The 

proposed design process is then detailed, and some preliminary 
numerical results are obtained to validate a Ka-band 
reflectarray antenna design with a wide-angle beam scanning 
capability. 

II. REFLECTARRAYS EMULATING PARABOLIC CYLINDERS 
As illustrated in Fig. 1, when a reflectarray is designed to 

emulate a parabolic cylindrical reflector, both the feed and 
planar reflectarray aperture play the role in focusing incoming 
waves in two orthogonal planes, i.e. E-plane and H-plane [3], 
respectively. Identical reflectarray elements are repeated along 
the axial direction, which can only reflect the incident wave in 
that direction. Therefore, an array instead of a single horn is 
needed as the primary feed, whose focusing capability directly 
relates to the directivity of the reflectarray. As the feeding 
beam rotates within the scanning plane, different portion of the 
aperture is illuminated, and the main beam direction of the 
reflectarray changes roughly the same as specular reflection.  

 
Fig. 1. Illustration of parabolic-Cylindric beam scanning reflectarray 
system configuration. By rotating the feed array, the beam scans in the 
E-plane. 

As an example, a reflectarray of 800 mm×400 mm prime-
fed by a Ka-band (32.5 GHz) 16×2 array is designed. The array 
is placed at the center of the aperture with height of 300 mm. 
All the array elements are excited with uniform phase. 
However, in order to suppress the sidelobe levels, a −30dB 
Chebyshev current distribution is adopted as the amplitude 
excitation. Regarding the reflectarray aperture, the elements 
within each column in y-direction, which may have various 
sizes or rotation angles according to the specific element design 
of one’s choice, yield different reflection phases to mimic a 
parabolic curve and boost the system gain. The elements within 
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each row in the x-direction remain identical since they act like 
a mirror in the E-plane [3]. 

Different from the traditional reflectarray with a standalone 
horn, the calculation of incident fields from a feeding array is 
much more complicated, because the aperture is in the near-
field region of the feed array. By dividing the array into a 
group of 1×2 subarrays and computing its contribution 
individually, the far-field condition commonly assumed in 
reflectarray calculations is thus maintained and the total 
incident field on each reflectarray element is obtained by 
summing them up.  The radiation patterns are then calculated 
using the array theory method [4].  

The beam steering is accomplished by mechanically 
rotating the array feed in the scanning plane as illustrated in Fig. 
1. As the rotation angle increases, i.e. 0°, 15°, and 30°, the 
illuminated area moved to the edge of the reflectarray aperture, 
and the main beam steers to the off-broadside direction as 
plotted in Fig. 2.  It is observed that the main beam in the H-
plane keeps broadening with increasing scan angle, resulting in 
considerable directivity loss. The shape of the radiated pattern 
also changes significantly. 

 
                  (a)                        (b)                           (c) 

Fig. 2. The radiation patterns in the u-v plane when the array feed is 
rotated (a) 0°, (b) 15°, and (c) 30°. 

In order to investigate the reason behind this performance 
deterioration, a study of phase errors is performed. It is shown 
that the main constraint factor for the scanning range is the 
spatial phase delays at different columns of elements. 
Mimicking a cylindrical surface, each column of elements is 
only supposed to focus the wave coming from the subarray 
directly located above them; however, as the array feed rotates, 
the spatial phase delay changes, resulting in increased phase 
errors and degraded radiation performance. Note that these 
phase errors inherently exist in the parabolic cylinder reflectors 
or reflectarray design [3]. 

III. PHASE OPTIMIZATION AND NUMERICAL RESULTS 
To overcome the aforementioned phase errors, the required 

phases over the reflectarray aperture are optimized to 
compensate for the intrinsic spatial phase delay. Generally 
speaking, the elements within each column are designed 
individually assuming that a point source is located at the array 
center and the reflected wave points in the specular direction. 
This procedure is repeated for each column. It is worthwhile 
pointing out that in order to maintain the mirror-like reflection 
in the E-plane, the elements in the center row are kept the same 
by changing the reference phase of each column. 

The required compensation phases after optimization are 
shown in Fig. 3. Apparently, the elements within each row in x-

direction, except the center row, are different. Only the 
elements within the middle column remain the same as those in 
the conventional design. The difference increases as the 
elements are farther from the middle. The reflectarray now 
mimics a doubly curved surface, different than the known 
parabolic cylinder in literature. 

The radiation patterns generated from the optimized 
aperture are demonstrated in Fig. 4. An almost constant beam 
width in the H-plane is observed even when the feed rotation 
angle reaches 30°, which suggests that a larger scan angle is 
achieved. 

 
Fig. 3. The required compensation phases after optimization. 

 
                   (a)                       (b)                           (c) 

Fig. 4. The optmized radiation patterns in the u-v plane when the array 
feed is rotated (a) 0°, (b)15°, and(c) 30° 

IV. CONCLUSION 
A novel reflectarray antenna evolved from the conventional 

parabolic cylinder type reflectarrays is proposed in the paper.  
The phase errors caused by different spatial phase delays are 
analyzed and a phase synthesis process is proposed to minimize 
the phase error. Preliminary numerical results show that after 
optimization a wide-angle beam scanning capability can be 
achieved while the radiation performance remains almost 
unchanged. Further investigation and experimental results will 
be presented during the presentation at conference. 
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