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Abstract— In this paper, preliminary results on the feasibility 

of a multibeam antenna based on the use of a transmitarray are 

presented. Two different configurations are considered, adopting 

a different type of unit-cell. Their analysis proves that TA are 

potentially good candidates for this application, even if an 

optimization of the structure could be useful to improve the 

antenna performances. 

Keywords—5G mobile communication, Transmitarray antenna, 

massive multiple-input multiple-output (MIMO), Beamscanning. 

I. INTRODUCTION  

The next 5th Generation (5G) of communication systems is 

expected to reach a very high data rate (Gb/s), corresponding to 

a 1000 times faster communication compared to the current 

technology [1]. In order to satisfy such impressive data traffic 

requirements [2], a notable effort in the research and exploration 

of novel and revolutionary technologies is needed. From the 

antenna point of view, particular attention is devoted to the 

design of multibeam antennas [3], [4], able to radiate several 

independent, high gain beams covering different angular 

regions. In this way, the main limitations of a single beam 

configuration, as the inability to serve multiple users or the 

difficulty in covering the communication paths that are not on 

the line of sight, can be overcome.  

Moreover, multibeam antennas represent the enabling 

technology for the realization of massive Multiple-Input 

Multiple-Output (MIMO) architectures, often designed to work 

in the unutilized millimeter wave (mm-wave) bands [4]-[6] or 

in the unlicensed wave bands. A wide overview of the existing 

multibeam antenna technologies is provided in [7], including 

different phased arrays, beamforming circuits and various 

analog/digital phase shifting methods. Among the others, in [7] 

also Transmitarrays (TAs) are considered as possible candidate 

for the realization of efficient multibeam antennas. 

Transmitarrays are considered one of the most promising 

solutions for the realization of high gain, low cost and high 

efficiency antennas. They are similar to lenses, since they 

behave as these devices, but with the difference that they are 

planar and their surface is discretized by unit-cells with size 

lower or equal to 0/2, being 0 the wavelength at the design 

frequency f0 [8]. The phase of the incident field is properly 

adjusted acting on one or more geometrical parameters of the 

unit-cell: it can consist of several layers of elements printed on 

dielectric substrates [9], perforated dielectric elements [10], or 

a combination of both techniques [11]. Transmitarray working 

principle is close to that adopted by reflectarrays; nevertheless, 

since TAs are transmitting devices, they do not suffer for the 

blocking of the feed, that can be centered and located closer to 

TA surface: the resulting structure is therefore more compact 

than a reflectarray antenna. Transmitarrays can be adopted in a 

wide range of applications [8], and recently some results have 

also been presented on their use in multibeam massive MIMO 

systems [13].   

With this application in mind, in this paper two possible 

configurations for the realization of multibeam TAs are 

investigated. They differ for the type of adopted unit-cell: the 

first one consists of three dielectric layers with the same Malta-

cross patch printed on each of them; the second unit-cell is a 

completely dielectric structure, made-up of three layers: in the 

central one there is a square hole, while in the external two the 

identical holes have a truncated pyramid shape. After a 

description of the two unit-cells, the results of their application 

to the design of two square TAs, with the same electrical size D 

= 100 and the same F/D are presented and compared. 

 

II. TA UNIT-CELLS 

 In this section, the two considered TA unit-cells are 

introduced and analyzed. 

 

A. Malta-cross based TA unit-cell 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 - Malta-cross based unit-cell: variation of the S21 phase with L/λ0 

computed for different angles of incidence. Inset: sketch of the unit-cell. 
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The first unit-cell consists of three overlapping dielectric 

layers, with the same Malta-cross patch printed on each of them. 

This type of element is chosen in view of its good performances 

especially for what concerns the bandwidth; despite to what is 

proposed in [15], where Malta-crosses are applied to the design 

of a reflectarray and both their size L and the length of the slots 

are used to control the re-radiating element phase, here the only 

free parameter is L. The adopted material has a dielectric 

constant εr = 2.57; its thickness, and the spacing between two 

following layers are chosen in such a way that the total distance 

between two printed elements is almost λ0/4 at the design 

frequency. The unit-cell size is λ0/2, in order to avoid grating 

lobes. 

A sketch of the unit cell is shown in the inset of Fig. 1, where 

the variation of the phase of S21 with L/λ0, considering different 

incidence angles, is plotted: as it can be seen the phase range is 

greater than 360° but the curves present some discontinuities: 

this is due to the fact that for some values of the geometrical 

parameter higher order modes occur, and the magnitude of S21 

decreases. To avoid it reduces too much, the values of L 

corresponding to an amplitude of S21 lower than -1 dB are 

discarted, and the discontinuous curves plotted in Fig. 1 for its 

phase and in Fig. 2 for its amplitude, are obtained. The unit-cell 

characterization has been done considering it embedded in a 

periodic structure and carring out simulations with CST 

Microwave Studio. 

Fig. 2.  Malta-cross based unit-cell: variation of the S21 amplitude with L/λ0 

computed for different angles of incidence. 
 

B. Perforated Dielectric TA unit-cell 

The second unit-cell is a triple-layer, performed dielectric 

structure: the central layer is characterized by a square hole, 

while the two external elements present a truncated pyramid 

hole, as shown in Fig. 3. They act as matching layers and have 

been added to improve the bandwidth of the unit-cell exploiting 

the tapered matching concept [16]. The phase of the incident 

field is instead controlled changing the hole size d. The dielectric 

material is RT Duroid 6006, that has a permittivity of εr= 6.15 

and tanδ = 0.0027. The unit-cell periodicity is W = λ0/4, while its 

total thickness is T = ℓ1 + 2ℓ2 = 1.35λ0. 

Fig. 3.  Perforated dielectric TA unit-cell with tapered matching layers: (a) 3D 

view of the CST model. (b) Top view. (c) Side view. 

 

The dielectric structure has been simulated using CST 

Microwave Studio, using periodic boundaries. The amplitude 

and phase variation of the transmission coefficient with d/λ0 and 

considering different incidence angles, are shown in Fig. 4 and 

Fig. 5, respectively. Fig. 4 proves that the matching layers 

provide a value of the S21 magnitude never worse than -1 dB. 

The obtained S21 phase range is greater than 360°, as pointed out 

in Fig 5. Changing the angle of incidence, the phase curves stay 

almost parallel and do not present discontinuities. 

Fig. 4.  Perforated dielectric unit-cell: variation of the S21 amplitude with d/λ0 

computed for different angles of incidence. 

 

III. RESULTS AND COMPARISON 

In order to check if the unit-cells introduced in the previous 

section can be used successfully in a multibeam TA, two 

configurations have been designed. Both the planar transmitting 

surfaces are square, with a size D = 10λ0 and ratio F/D=0.9, 

 

 

 



where F is the focal distance between the feed and the TA 

surface. The feed is a vertically-polarized horn. The TAs are 

designed to have maximum radiation in the broadside direction. 

Fig. 5.  Perforated dielectric unit-cell: variation of the S21 phase with d/λ0 

computed for different angles of incidence. 

 

Since the two unit-cells have not the same electrical size, for 

the realization of a 10λ0 aperture it is necessary to use 20×20 

Malta-crosses, while the perforated dielectric TA is composed 

by 40×40 elements. 

At this preliminary stage, the different beams are obtained 

simply rotating the feed in the vertical plane of an angle  that 

varies between 0° and 30°. Because of the symmetry of the 

antenna, the same behavior for negative pointing angles is 

expected. The radiation patterns resulting from the simulation of 

the perforated dielectric TA for different position of the feed are 

plotted in Fig. 6. As the direction of maximum radiation deviates 

from the broadside, as the radiation performances degrade: the 

gain degreases, the main beam become larger and the side lobes 

increase. Nevertheless, it is worth to notice that in the angular 

region (0°, 20°) the radiation patterns are quite good, with a 

limited reduction of the gain and deformation of the main beam. 

In Table 1, the numerically computed values of the 

maximum gain obtained with the two transmitarrays in 

correspondence of different pointing angles, are listed. From 

these results, it is evident that the Malta-cross based TA shows 

worse performances due to the stronger variation of the unit-cell 

behavior with the angle of incidence. Therefore, the gain 

decreases faster, even if it has a higher value in the broadside 

direction. The greater dependence from the angle of arrival of 

the field radiated by the feed is confirmed by the radiation 

patterns shown in Fig. 7, related to the Malta-cross based TA. If 

compared with those in Fig. 6, it is possible to notice not only a 

faster reduction of the gain, but also a stronger deformation of 

the main beam and higher side lobes with respect to those 

affecting the pattern radiated by the perforated dielectric 

solution, that is less sensitive to the variation of the incidence 

angle: in fact, its radiation features from 0° to 30° remain almost 

good for all scanning angles. 

Fig. 6.  Perforated dielectric TA: simulated radiation patterns in the E-plane for 

different angles of rotation of the feed. 

 

Fig. 7.  Malta-cross based TA: simulated radiation patterns in the E-plane for 

different angles of rotation of the feed. 

 
IV. CONCLUSION 

In this paper, some preliminary results on the feasibility of a 

multibeam antennas configuration based on the use of a 

transmitarray are discussed. The design and numerical analysis 

of two, reduced size, structures prove that TAs are potentially 

TABLE I 

MULTIBEAM TAS GAIN COMPARISON 

Angles 

Gain (dB) 

Malta-cross based 

TA 

Perforated 

dielectric TA 

0° 27.5 27.2 

10° 25.2 27.2 

20° 24.7 26.5 

30° 22.3 25.1 

 

 

 

 



good candidates for this type of application. Nevertheless, some 

further optimization of the entire antenna, aimed to improve its 

radiation features, are necessary. Results on this aspect will be 

presented at the time of the conference. 
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