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Abstract ─ A new method to design Fresnel Zone 
Plate Antennas (FZPA) is presented in this paper. 
The proposed method is based on deforming a flat 
metallic surface in order to achieve the desired 
phase distribution required to point the main beam 
to a certain direction. The resulting shaped reflector 
is modeled by using parametric surfaces, since they 
allow fitting the real shape of the antenna accurately 
providing smooth variations. Therefore, the 
diffraction effect that appears in the transition 
region between Fresnel zones can be reduced.
Unlike bulky parabolic reflectors, FZPAs are much 
smaller and easy to transport and support, being a 
promising candidate for satellite communication 
applications due to its high gain, high polarization 
purity and minimum volume. 

Index Terms ─ Electromagnetic radiation, reflector 
antennas, satellite communication. 

I. INTRODUCTION 
Shaped reflector antennas have been typically 

used to radiate contoured beams in applications 
where a certain geographical coverage is required 
[1]. Although contoured beams can also be obtained 
using array feeds, parabolic shaped reflectors are 
becoming more popular mainly because they have 
smaller volume and lower losses, and because array 
feeds require a complex feeding network. 
Moreover, the shaping technique is cheaper, since 
it only needs a single feed element. Parabolic 
reflectors have been also deformed to improve the 
antenna performance [2]. For instance, the shaping 
technique has been applied to increase the aperture 
efficiency, to improve the beam scanning 
capabilities, to enhance the polarization purity or to 
minimize side lobes. These reflectors have been 
particularly useful in satellite communications 

because they require simple feeds. However, in 
practical applications, parabolic reflectors are too 
bulky and difficult to place due to mechanical 
constraints. To overcome this limitation, membrane 
and mesh reflectors have been deployed for space 
applications. Although these reflectors outperform 
Fresnel Zone Plate Antennas (FZPA) due to its 
broad bandwidth, FZPAs have been also studied 
over a period of many years due to its low profile 
and low weight. The concept of the zone plate for 
optical wavelengths was developed by Wood in 
1898 [3]. The first millimeter wave usage was 
reported in 1960 [4]. There are two types of zone 
plates: one where alternative concentric zones are 
made opaque or reflecting [5], and the second 
where phase correction is introduced in successive 
zones [6]. The latter can be fabricated by cutting 
grooves in a slab of dielectric material and 
depositing a thin metal film on the substrate. Thus, 
each zone is composed of a number of terraces or 
steps that are used to compensate the phase shifts. 
Starting from the idea that the bandwidth of the 
FZPA increases as the number of steps increases, 
the proposed antenna has been designed 
considering that the number of steps in the 
correcting zones tends to infinity. Figure 1
illustrates this concept. It shows the profile of a 
conventional FZPA with 5 zones and 4 steps per 
zone and the equivalent profile of the proposed 
FZPA, where it can be seen that the steps in each 
zone have been replaced by a NURBS (Non-
Uniform Rational B-Splines) surface [7]. Also, note 
that the shadow regions, which are the transition 
areas between Fresnel zones, are not completely 
abrupt. 

Hence, the novelty of the proposed antenna is 
that it is designed by smoothly deforming a flat 
metallic surface and that it is not composed of 
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correcting zones. The modified FZPA present 
neither terraces nor grooves, and it is defined by 
continuous parametric surfaces that accurately 
model the deformations of the metallic surface. 
 

 
 

 
 
Fig. 1. Schematic profile of a conventional FZPA 
with 5 zones and 4 steps and schematic profile of 
the proposed FZPA. 
 

Compared to reflectarray antennas [8, 9], FZPA 
are easier to manufacture since they do not need any 
complex layout to reflect the incident field, and 
FZPA are cheaper since they are made of aluminum 
and do not require any layer of dielectric substrate. 
A 60cm x 60cm prototype operating at 10 GHz has 
been designed and analyzed to validate the benefits 
of the proposed technology. Although the proposed 
antenna has not been measured, the full wave 
Moment Method code that has been used to perform 
the simulations provides reliable results. The code 
has been validated with many experimental results. 
 

II. THEORY OF OPERATION 
The FZPA operation consists of converting a 

spherical wave front into a desired scattered wave 
front by means of an appropriate phase distribution. 
To achieve this, according to Fig. 2, each point of 
the original flat surface must introduce a phase shift 
that is obtained as follows: 
 , (1) 
where  is the propagation constant in vacuum, 

is the unit vector in the desired direction of the 
main beam,  is the position vector from the center 
of the reflector plane to the ith point of the surface, 

 is the distance from the feed to the ith point and 
N is an integer number. We obtain the value of N in 
each  by imposing that  is in the (0, 2π) range. 

Most reflectarray antennas use microstrip 
radiating elements to compensate the phase shift 
given by (1). The proposed new solution deforms 
the flat surface to achieve the desired phase 
distribution. First, the reflector surface is meshed 
using rectangular patches. The elements of the 

mesh have the same area that shall be electrically 
small (less than a half of wavelength) in order we 
can assume that in each element the amplitude and 
phase of the current is constant. Once the desired 
phase distribution  is known, the deformed 
surface can be completely determined by moving 
each element a certain distance given by (2) if  is 
in the (0, π) range and given by (3) if  is in the (π, 

2π) range. 
 , (2) 

 . (3) 
As mentioned before, the obtained shaped 

surface is modeled by NURBS surfaces that exactly 
fit the deformations that have been conducted on 
the flat surface. These particular surfaces are able 
to model accurately any freeform shape, providing 
an extraordinary realism as they perfectly fit the 
shape of real objects. Moreover, they are defined as 
mathematical equations so the computational 
treatment is not very complicated. NURBS are 
compatible with several CAD formats and they are 
invariant under affine transformations. 
 

 
 
Fig. 2. Diagram of the original flat reflector. 
 

III. VALIDATION AND SIMULATION 
A center-fed FZPA has been designed to 

operate at 10 GHz to radiate a collimated beam in 
the direction given by θ=10º, ϕ=0º. The total size of 

the prototype is 20λ x 20λ x 0.5λ. The designed 

antenna has been fed by using the radiation pattern 
of a linearly polarized pyramidal horn positioned at 
x=0, y=0, z=0.45 m. The geometrical model of the 
proposed antenna is depicted in Fig. 3 and its flat 
profile can be observed in Fig. 4. 
 

GÓMEZ, TAYEBI, CÁTEDRA: NEW TECHNIQUE TO DESIGN FRESNEL ZONE PLATE ANTENNAS 271



Fig. 3. Geometrical model of the FZPA. 

Fig. 4. Side view of the FZPA. 

Simulation results based on the Method of 
Moments (MoM) have been conducted to evaluate 
the proposed technique. The full wave MoM code 
Monurbs [10-12] has been used for this purpose. 
This code has been validated in many benchmark 
experiments to check its reliability [13-16], 
showing high accuracy when comparing to 
measurements. The computed 3D radiation pattern 
is shown in Fig. 5. 

Fig. 5. 3D radiation pattern. 

As it can be observed in Fig. 6, the peak gain 
provided by the FZPA is 33.67 dBi. This implies an 

aperture efficiency of 46.45%. Figures 7 and 8 
depict the E and H planes of the normalized 
radiation pattern. The side lobe levels of the co-
polarized far field radiation pattern are below 18.6 
dB regarding the maximum gain level. 

Fig. 6. Gain of the FZPA. 

Fig. 7. Normalized far-field radiation pattern. Cut 
ϕ=0º.

Fig. 8. Normalized far-field radiation pattern. Cut 
ϕ=90º.
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The technique used to design the FZPA has 
been validated by comparing a previously 
published similar antenna [17] with a second 
design. The reference antenna operates at 62.1 
GHz, is 150 mm in diameter, 132 mm in focal 
length, and has an edge illumination level of −12 

dB. This design has been analyzed according to the 
parameters of the reference conventional FZPA 
antenna. Figure 9 shows the computed gain of the 
designed antenna. According to Figs. 9 and 10, it 
can be seen that for the same antenna dimensions 
and design parameters, the presented antenna with 
a peak gain of 37.4 dBi and an efficiency of 59.4% 
surpasses 0.8 dB in gain and 7.7% in efficiency the 
FZP reported in [17]. Therefore the 3 dB bandwidth 
of the proposed antenna is also a bit higher than the 
22% achieved by the reference antenna. 
 

 
 
Fig. 9. Computed directive gain against frequency 
of the FZPA designed using the parameters 
reported in [17]. 
 

 
 
Fig. 10. Directive gain (solid line) and antenna 
efficiency (dashed line) against frequency of the 
FZPA reported in [17]. 

IV. CONCLUSION 
A new type of FZPA has been introduced in this 

paper. This new methodology allows designing low 
profile reflector antennas with the same advantages 
as the traditional parabolic reflectors, while 
remaining a minimum volume. Simulated results 
reveal that the proposed antenna is very attractive 
for applications in broadcasting and satellite 
communications due to their good polarization 
purity and high gain. 
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