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Abstract—Beam scanning performance of planar multifocal 
transmitarray antennas are investigated in this paper. The 
advantages of the proposed structure over conventional designs 
are first delineated, and then a Ku-band transmitarray antenna 
with quadrufocal phase distribution is designed using the particle 
swarm optimization technique for 60° scan coverage, which 
shows a good performance. The results presented in this study 
reveal that multifocal transmitarray antenna can be a suitable 
low-cost choice for high-gain beamforming applications. 

I. INTRODUCTION 
    Array lens antennas [1], also known as transmitarrays, are an 
emerging concept, combining the favorable features of optical 
lens  and array antennas, and creating a low profile and low 
mass design with high radiation efficiency and diversified 
radiation performance. In addition to these advantages, they 
also serve as a paradigm for high-gain reconfigurable apertures 
[2, 3]. Similar to reflectarrays [4], two approaches are available 
for beam-scanning transmitarrays: (1) displacing the feed 
antenna, and (2) utilizing independently tunable elements. In 
comparison however, the latter approach is more challenging 
for high-gain operation due to the design complexity and 
fabrication expense, and in many cases a passive array, i.e. the 
first approach, is more advantageous.  
     Similar to an optical lens, the elements of a transmitarray 
produce specific phase shifts that, when properly tuned, can 
focus incident waves. Conventionally transmitarray antennas 
are designed for a single focus, however for beam-scanning 
applications; the single foci configurations don’t show a good 
performance. On the other hand, it is well known that a bifocal 
lens has a wider scan capability than a lens with a single focus, 
since it focuses quite well nearby and between the two focal 
points [5]. However the available multifocal lens antennas 
require either curved surfaces or irregular lattice for the array. 
     The aim of our work here is to study the performance of 
planar multifocal transmitarray antennas for beamforming 
applications. The particle swarm optimization is applied to 
minimize the phase error on the aperture for multifocal 
performance, and a transmitarray antenna with quadrufocal 
phase distribution is designed for 60° scan coverage which 
shows a good performance. The numerical studies presented 
here show that for high-gain beamforming, a multifocal 
transmitarray antenna can be a suitable low-cost choice.  

II. MULTIFOCAL TRANSMITARRAY ANTENNAS 
     Multifocal lens antennas have received considerable 
attention, because of their superior off-axis focusing, and 
improved scan performance. However the majority of the three 
dimensional multifocal lenses developed such as Rotman [6], 
and Rao [7], require at least one of the lens surfaces to be 
curved making fabrication quite difficult. A very interesting 
design is the planar McGrath lens [8], with two straight 
surfaces as well as two focal points; however this design 
requires that the radial coordinates of the elements on the front 
and back of the lens to be different, which may not be 
convenient in many cases. 
     In general, designing a multifocal transmitarray antenna 
requires additional degrees of freedom, which typically don’t 
exist unless some modification in the lattice geometry or array 
curvature can be realized. However viewing such a design as 
an array synthesis problem, one may select the optimum 
aperture phase distribution in a manner to minimize the phase 
error for the desired number of focal points. 

 
                                 (a)                                                          (b) 

Fig. 1. The planar quadrufocal transmitarray antenna: (a) schematic model, (b) 
optimized quadrufocal phase distribution in degrees. 

     To demonstrate the feasibility of this design approach, a Ku-
band quadrufocal transmitarray antenna with an aperture 
diameter of 260mm and an F/D equal to 1 is designed for the 
operating frequency of 14.25 GHz and 30° elevation focus. A 
schematic model of the quadrufocal transmitarray antenna, 
showing the focal arc and the two focal points in xz-plane is 
given in Fig. 1 (a). The other two focal points are in the yz-
plane. Note that to account for the beam deviation factor 
(BDF), α is set to 32° [9]. For this design, the unit-cell size is 
10.6×10.6 mm2 which corresponds to 468 elements on the 
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aperture of the array. The particle swarm optimization is then 
used to minimize the phase error of the elements, by comparing 
the phase on the aperture with that of an ideal quadrufocal 
phase. The optimized phase distribution is given in Fig. 1 (b).  

III. BEAM-SCANNING PERFORMANCE OF A QUADRUFOCAL 
TRANSMITARRAY ANTENNA 

   As discussed earlier, the direct optimization approach 
implemented here, aims at minimizing the phase error, 
however some pattern degradation in comparison with ideal 
lenses will still be observed. The radiation patterns of the single 
focus (ideal) and optimized quadrufocal transmitarray antennas 
are given in Fig. 2. It can be seen that while an almost similar 
pattern shape as the single-focus is obtained, higher side-lobes 
are observed for the multi-focal design. In addition, the antenna 
directivity is also reduced by 1.2 dB. Nonetheless the 
advantage of these multi-focal designs is that they are well 
suited for beamforming applications. It should be noted that if 
further improvement of the radiation pattern is required one 
may use the pattern optimization technique as described in [9]. 
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Fig. 2. Radiation patterns of single- and multi-focal transmitarray antennas. 

     The scan performance of the quadrufocal transmitarray 
antenna is given in Fig. 3.  It can be seen that a very good beam 
scanning performance is observed with this design, and in 
particular, the directivity variation across the 60° scan range is 
less than 1.0 dB. In comparison, the single focus design, 
exhibits a scan loss in excess of 3.0 dB for this coverage. It 
should be pointed out here that the quadrufocal focal design is 
used for scanning in two orthogonal planes. Moreover, as 
discussed in [9], the phases of the elements were optimized for 
the beams at 30°. As such it is possible to further improve the 
scan performance of these systems by optimizing the antenna 
for other beams along the scan angles. 
     The element design for a transmitarray antenna also 
demands careful consideration. While different approaches are 
available for transmitarray element design [2, 3]; an important 
consideration for the elements of a multifocal transmitarray is 
to have low sensitivity towards excitation angles. Therefore the 
guided-wave elements with fixed delay lines are selected for 
these designs which require four layers of substrate [10]. As 
pointed out by Pozar, despite some reflection loss due to 
oblique excitation (typically less than 0.5 dB); the reflection 
phase is almost insensitive towards oblique excitation. It is also 
worthwhile to point out that while some meandering of the 
transmission line may be necessary to achieve the complete 
phase cycle, the delay line loss should also be in the order of 

0.15 dB [10]. Further discussion on the transmitarray element 
will be presented at the conference.  
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Fig. 3. Scanned patterns of the optimized quadrufocal transmitarray antenna. 

IV. CONCLUSIONS 
     Design of multifocal planar transmitarray antennas for high-
gain beamforming is studied in this paper. Some conventional 
multifocal lens antennas are briefly reviewed, and planar 
multifocal transmitarray antennas with regular lattice are 
proposed for beam-scanning applications. The aperture phase 
distribution for multifocal performance is obtained using the 
particle swarm optimization technique, and a Ku-band 
transmitarray antenna with quadrufocal phase distribution is 
designed for 60° scan coverage, which showed a good beam-
scanning performance. The results presented in this work 
demonstrate that for high-gain beamforming, a multifocal 
transmitarray antenna can be a suitable low-cost choice.  
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