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Abstract 
 

This paper describes the design multibeam or dual-band 

antennas using just a single metasurface (MTS) aperture. 

An example of multi-beam antenna is presented, it is 

based on a superposition of modulation patterns, and 

presents a multi-source feeding scheme. The elements of 

the objective surface impedance tensor are derived in 

closed-form, and numerical results based on the Method 

of Moments are presented for validation. 

 

1. Introduction 
 

In recent years, metasurface (MTS) [1],[2] theory and 

applications have undergone an unprecedented develop-

ment. MTSs have been applied to design structures at 

microwave frequencies [1], in the Terahertz range [2, Sec. 

VII] or at optical wavelengths [3]. Regarding the applica-

tions at hand, they can be roughly classified in three 

groups: 1) the manipulation of surface wave (SW) wave-

fronts [4], 2) the control of field transmission [5], and 3) 

the design of aperture antennas [6]-[7]. In this paper, we 

will focus in the latter application. 

 

Modulated MTS antennas present several characteristics 

that make them very attractive, among which it is worth 

noting their capability of providing high gains with low 

profile and low weight structures [7]. In this class of an-

tennas, a SW is gradually radiated by periodically modu-

lating an (equivalent) surface impedance tensor on the 

aperture plane. The periodic modulation is chosen so that 

the (-1) indexed Floquet mode enters in the visible region. 

At sub-millimeter waves, the modulation can be achieved 

by using textured metallic structures [8]. Nonetheless, the 

use of printed patches on a grounded dielectric slab is 

preferred in the microwave range [6]-[7]. We will analyze 

the case of circular apertures of radius a, in which the 

modulation of the surface impedance is achieved by 

changing the shape and orientation of sub-wavelength 

patches printed on a grounded slab with relative permit-

tivity εr and thickness h (see Fig. 1). In the following, we 

will represent the cladding as a sheet transition IBC 

[2],[9] given by the tensor X , which relates the average 

of the E-field tE  on either side of the MTS with the dif-

ference in the tangential components of the H-field on 

both sides of the sheet as: 

  0 0
ˆ t t tz z

j j  
     E X z H H X J  , (1) 

The difference between the tangential H-fields can be 

interpreted as the current flowing in the cladding. In the 

next section, we will provide closed-form expressions for 

X which lend the MTS the desired functionality. 

 

 

Figure 1 Component X  of the surface reactance tensor 

of a MTS aperture which provides three beams by three 

sources and aperture sharing by a superposition of modu-

lated impedance patterns. The inset shows the reference 

structure composed of a grounded dielectric slab, printed 

with sub-wavelength metal patches. 

 

2. Shared aperture MTS antennas 
 

The simplest way of achieving several functionalities with 

the same aperture consists in dividing the aperture in 

angular sectors, each sector being associated with a dif-

ferent feature, as done in [10],[11] by using isotropic 

MTSs, and in [12, Sec. II] by applying anisotropic MTSs 

and control of the amplitude to increase aperture efficien-

cy [13]. 

 

Conversely, we will study here the cases in which the 

whole aperture is shared by a superposition of individual 

modulations (see Fig. 1), which correspond to those re-

quired to obtain the desired beams. In this class of shared-

aperture MTS, the (-1) term of the Floquet-wave expan-



sion, which provides the tangential electric field in the 

aperture plane, can be written as: 
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where ρ  is the observation point given by  ,   in cy-

lindrical coordinates, N is the number of beams, and u(x) 

is the unit step function. The unit vector 
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determines the direction of the n-th beam, and ne  gives 

its polarization. For instance, one has for circularly polar-

ized beam in the direction  ,n n    
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The upper signs in (4) correspond to right-handed circular 

polarization (RHCP), whereas the lower ones stand for 

left-handed circular polarization (LHCP). 

 

In the first instance, we will consider a SW source at nρ , 

which will generate the n-th beam in (2) when it is excit-

ed. The observation point in the aperture is given by 

n n R ρ ρ  in relative coordinates, and the unit vectors 

centered at the n-th source are 

    ˆ ˆ ˆˆ/ ,nnn n n n nnnR   κ ρ ρ γ z κ   (5) 

where n nR  ρ ρ . Then, the local values of the tensor 

elements needed to generate the n-th beam with circularly 

polarization can be written as 
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where  nm R  is the function used for amplitude control, 

the unit vectors ˆ
ne  have been defined in (4), and the up-

per/lower sign stand for a RHCP/LHCP polarization in 

the corresponding beam. 

 

It has been proved in [12] that by combining the modula-

tions in (6) for each beam as 
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one can attain the objective tangential electric field in (2). 

Although (7) addresses a general case with N beams, it 

should be noted that the superposition of modulation 

patterns leads to a degradation of the performance of the 

synthesized beams for an increasing number of beams, 

typically N ≤ 4. An analogous approach can be used to 

obtain dual-band MTSs by superimposing the impedance 

modulations relevant to each frequency. This case will be 

further discussed at the conference. 

 

 

Figure 2 (a) RHCP and (b) LHCPs gain in the u-v plane 

for the reactance tensor given by (7) with N=3, (θ1=30°, 

φ1=0), (θ2=30°, φ2=120°), and (θ3=30°, φ3=240°) and 

sources in 1 ˆ1.7ρ x , 2 ˆ ˆ0.4 0.7   ρ x y , and

3 ˆ ˆ0.4 0.7   ρ x y , respectively. 

 

3. Numerical Examples 
 

In this section, an example is presented of multibeam 

MTS antenna, which uses three feeding points to synthe-

size three independent RHCP beams. The radius of the 

aperture is a=12λ, and the substrate has εr=9.8 and thick-

ness h=0.508mm. The location of the three phase centers 

are given by 1 ˆ1.7ρ x , 2 ˆ ˆ0.4 0.7   ρ x y , and

3 ˆ ˆ0.4 0.7   ρ x y . In turn, the desired beam directions 

are (θ1=30°, φ1=0), (θ2=30°, φ2=120°), and (θ3=30°, 

φ3=240°). We have simulated the continuous sheet transi-

tion IBC obtained upon substitution of the aforementioned 

values in (7). We will only show results that correspond to 

the simulation of X  with the method of moments (MoM) 

tool described in [14], owing to the excellent agreement 

shown in [12],[14] with the simulations of actual struc-

tures. 

 

Fig. 2(a) and (b) show the u-v plane RHCP and LHCP 

far-fields, obtained by exciting a single VED located at 

3 ˆ ˆ0.4 0.7   ρ x y . One can see that the directivity peaks 

in direction of 3̂r  (θ3=30°, φ3=240°). The u-v plane radia-

tion patterns for each one of the other 3 possible excita-

tions are quite similar to the one in Fig. 2(a) and (b), ex-

cept for a rotation, and are not reported here. In all the 

three cases, the active beam presents a gain of 29 dBi. 

 

4. Conclusions 
 

We have discussed different design possibilities offered 

by shared-aperture modulated metasurface antennas. Spe-

cial emphasis has been put in designs which involve mul-

tiple sources. By exciting each source one will activate 

one beam at a time. The produced beams are quasi-

orthogonal, which offers a significant advantage for pro-

cessing signals impinging from different directions. The 

proposed approach can be used to design dual-band or 



multi-beam high-gain antennas. The latter can be applied 

to Doppler radio-guides and radio altimeter systems. 
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