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A novel computed aided technique for designing reflectarray antennas is presented. The developed approach automatically
generates the geometrical model of reflectarray antennas taking into account some input parameters, such as, the unit cell
type and dimensions, frequency, focal length, periodicity, dielectric materials, and desired main beam radiating direction. The
characteristics of the reflecting elements are selected considering the spatial phase delay at each unit cell to achieve a progressive
phase shift. The implemented procedure also provides the phase characteristic of the unit element, which is rapidly computed
by using a parallelized Moment Method (MoM) approach. The MoM is also used to obtain the radiation pattern of the full
reflectarray antenna. In order to evaluate the new technique, a dual-interface prototype has been designed and simulated showing
high-performance capability.

1. Introduction

Reflectarray antennas [1] have become an attractive alter-
native to the traditional parabolic reflector antennas due to
some advantages, such as, light weight, mechanical robust-
ness, compatibility with active devices, simple manufactur-
ing, low profile, and low cost. Moreover, reflectarray anten-
nas offer the possibility of beam steering, like conventional
phased arrays, but eliminate the complexity and losses of
the feeding network, showing a higher efficiency. Their main
limitation is the narrow-band behavior, which is inherent
to the printed antenna structures. To overcome this short-
coming, some proposals based on multilayer configurations
[2, 3] and concentric rings [4, 5] have been reported lately.
For instance, the design reported in [2] is composed of
microstrip stacked patches and shows good performance in
dual frequency operation. The reflectarray presented in [3]
consists of three stacked layers with rectangular patches and
provides dual-polarization operation for space applications.
Although the bandwidth is notably increased when using

multilayer printed patches, other issues may arise, such
as, the manufacturing complexity and higher weight and
losses. On the other hand, reflectarrays based on concentric
rings are also becoming very popular due to they provide
excellent results using one-layer configurations. The schemes
proposed in [4] achieve a significant improvement in gain-
bandwidth using double square and double cross loop
elements. A comparable elementary cell that contains double
square and double circular rings is studied in [5], where the
phasing characteristic of the single-layer cell is computed
showing good results.

Reflectarray antennas are composed of one or more layers
of metallic elements and dielectric substrates over a ground
plane. They are typically fed by a horn antenna and their
operation consists of converting a spherical wavefront into
a desired scattered wavefront using a phase shift mechanism.
Although it has been demonstrated that reflectarray antennas
can be used to generate contoured beams [6], most of them
are still designed to radiate a collimate wave front at a
certain frequency. To achieve this, according to Figure 1, each
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Figure 1: Diagram of the reflectarray antenna.

periodic cell must introduce a phase shift that is obtained as
follows:

φi = k0
(
di − �ri · r̂0

)
+ 2πN ; N = 0, 1, 2, . . . , (1)

where k0 is the propagation constant in vacuum, r̂0 is the unit
vector in the desired direction of the main beam, �ri is the
position vector from the center of the reflectarray plane to
the ith radiating element, and di is the distance from the feed
to the ith element.

Hence, the resonant size, periodicity, orientation, and
substrate’s properties of every cell must be properly selected
to provide the phase shift given by (1).

Due to the radiating elements must reflect the incident
electromagnetic field with a progressive phase distribution,
the most challenging aspect when designing reflectarray
antennas is to find the adequate phase shift to compensate the
phase delay caused by the distance from the feed to each unit
cell. Thus, the requirement of having a wide database that
associates the properties of the cells and their correspondent
phase shifts is crucial. In fact, many works proposing differ-
ent techniques to achieve a wide phase range of the reflection
coefficient have been recently published. In the literature,
mainly four mechanisms can be found. The first one is the
easiest to manufacture and more used [7, 8]. It achieves the
phase variation by changing the size of the internal geometry
of the unit cells. The second type tries to find the proper
phase shift by adjusting the rotation angle of the elements
[9]. The third method to provide the progressive phase shift
of the reflected wave consists of using variable stub length
attached to the radiating elements [10]. Finally, the fourth
mechanism consists in using multilayer configurations [2, 3].
The proposed method applies these four techniques, since it
is able to find the suitable characteristics of each elementary
cell.

Other important aspect is the adequate choice of the
radiating element’s shape, since the scatter of the incident
field strongly depends on its geometry. Hence, an essential
goal is to obtain the type of cell that provides a wide reflection
coefficient phase range when varying its properties. In fact, it
is well-known that a reduced phase range lower than 360◦

implies a decreasing in directivity. On the other hand, it
has been demonstrated [11, 12] that the phase variation

depending on any geometrical parameter should be as
lineal as possible, providing a smooth slope. This implies
that good results are provided only if the 360◦ range is
achieved by varying the considered parameter extremely
slowly. In practical situations, the consequences of abrupt
variations in the phase are narrower bandwidths and a more
complicated manufacturing of the radiation elements due to
the minimum tolerances.

Normally, the reflection coefficient phase as a function
of the patch size is calculated to determine whether the
phase range is wide enough and the curve slope is smooth
enough. Thus, a lot of effort is usually required to find a unit
cell able to provide the mentioned phase characteristic. The
traditional shapes of microstrip patches have been crosses,
squares, rectangles, rings, and circles. In this paper, the
double square ring has been chosen to prove the efficiency of
the developed computer tool.

A new method to automatically design reflectarray
antennas is proposed. The properties of the radiating ele-
ments, including their resonant dimensions and substrate’s
characteristics, are computed by means of an efficient
process that compensates the phase shift introduced by each
elementary cell. Although several works have been recently
carried out to investigate the phase characteristics of the
cell elements, most of them do not report the reflectarray
design once the phase curve has been properly achieved. The
contribution of this paper also relies on the final design of
the reflectarray, besides implementing the new approach and
obtaining the widely used phase curve of the elementary cell.
The proposed approach has been included in the computer
tool NEWFASANT [13] to validate its performance.

The paper is organized as follows. The procedure to
obtain the geometrical model of the reflectarray is described
in Section 2, the design of a reduced-scale prototype is stated
in Section 3, and finally some conclusions are remarked in
Section 4.

2. Design Process

The basic idea of the new technique is the automatic design
of reflectarray antennas by varying the parameters of the unit
cells. The variation may include the resonant size of the cells,
their position, orientation, stub’s length, periodicity, number
of layers, dielectric materials, and so forth, so that the phase
shift given by every element is compensated according to the
phase of the reflection coefficient.

First, a database which stores the values of the modified
parameters and its correspondent reflection coefficient phase
is created at a given frequency and for a determined
periodicity. It is important to highlight that the analysis can
be conducted by varying one or more parameters. Each entry
in the database that associates pairs of parameter values and
reflection phases is obtained by analyzing the behavior of
a quasi-infinite array of identical elements by applying a
full wave method based on the MoM [14], so truncation
effects due to the finite size of real reflectarrays are also
considered. Despite the big computational effort required to
obtain the whole database, it is affordable in time because
the MoM code is parallelized. A normal incident plane wave
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Figure 2: Top view of the reflectarray antenna.

is considered to compute the reflection coefficient phases.
However, due to the fact that the radiation of the real feed
antenna has an incidence direction with a certain angle, a
further refinement can be done considering some incidence
angles of the planar wave. In that case, the tool is able to
provide as many databases as incidence angles are indicated.

Then, the phase delay caused by the path difference from
the feed point is calculated taking into account the position
of each unit cell. Once all phase delays are obtained, the
system searches in the database the proper dimensions to
compensate the required phase at every element. Hence, each
cell can properly adjust their phase delay, introducing no
errors and obtaining the maximum directivity. The phase
shift needed in each cell when using several incident angles is
obtained from one of those databases depending on its posi-
tion and the feed location. The results provided considering
several incident angles are slightly more accurate than only
considering normal incidence. The next step consists in
creating the geometrical model of the reflectarray, according
to the values provided by the database. Finally, the ground
plane is correctly located under the cells conforming to the
dielectric thicknesses. By default, the reflectarray is created
in the XY plane, but it is possible to fit it to curved surfaces.
The user is also able to define the shape of the reflectarray,
which can be rectangular, square, circular, or elliptical. When
the reflectarray has been designed and we have the antenna
geometry, the MoM is applied again to obtain a rigorous
solution considering the full reflectarray antenna.

The flexibility when designing reflectarray antennas by
using the presented tool is enormous, since many combi-
nations of different shapes, dimensions, diverse substrates,
incidences, and so forth can be used to design the radiating
elements. In addition, the configuration of the unit cell is
not constrained to a single layer. In fact, the tool provides a
great versatility and allows defining various layers of metallic
patches and interfaces of different substrates. Moreover, in
order to facilitate the use of the implemented tool, several
databases that contain correspondences between dimensions
and reflection coefficient phases of many elementary cells
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Figure 3: Phase characteristic of the unit cell varying the length of
the external square ring.
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Figure 4: Radiation pattern of the feed antenna at 20 GHz.

(rectangular, circular and square patches, square and circular
rings, metallic crosses, patches with holes, etc.) are available.

The module includes three techniques to model the feed
antenna. The first one allows importing the radiation pattern
of a real horn antenna. The second one allows importing
the geometrical model of the feed antenna in several CAD
formats, and the third one allows creating the physical model
of the feed antenna.

3. Validation of the Implemented Tool

In order to validate the performance of the presented
method, the specifications of an existing design recently
published [15] have been considered. The reflectarray has
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Figure 5: Radiation pattern in 3D at 20 GHz.

been redesigned using the propose procedure that adjusts
the dimensions of the patches to focus or the main beam in
the normal direction at 20 GHz. In our case, it is assumed
that the antenna is composed of 100 identical unit cells
symmetrically located in a square grid with periodicity of
9 mm. The top view is depicted in Figure 2.

Figure 3 shows the phase variation versus the length of
the external square ring that has been automatically provided
by our tool, [13]. The complete range of 360◦ is achieved by
varying the length of the external square ring from 4.5 mm to
9 mm. It can be observed that the slope is practically lineal.
These results have been achieved using a 2.95 mm substrate
of foam under the metallic rings and a 0.85 mm layer of
a material whose relative dielectric constant is 2.5 (same
multilayer structure than in [15]). This thin layer is located
on the cells, acting as a protective surface. On the other hand,
the width of both rings and the gap between them have been
fixed to 0.3 mm independently of the length variation.

As in [15], the reflectarray antenna is fed by means of a
linearly polarized pyramidal horn located at x = 0, y = 0,
z = 0.0712 m. The normalized radiation pattern of the fed
antenna is depicted in Figure 4 at the central frequency of
20 GHz.

On the other hand, Figure 5 shows the 3D radiation
pattern of the reflectarray antenna we have redesigned,
where the main beam radiating in the normal direction is
clearly depicted. Regarding the polarization purity, Figure 6
shows the cut ϕ = 0◦ of the normalized radiation pattern
at 20 GHz, where it can be observed that the cross-polar
component is lower than −30 dB for every θ value. The
second side lobes are also quite low, under −20 dB.

Finally, Figure 7 depicts the gain provided by the
redesigned reflectarray. Note that the maximum value is
23.5 dBi, which is higher than the value of 20 dBi achieved in
[15]. It is important to point out that the analysis of the
final reflectarray has been conducted by using the MoM
module of NEWFASANT, although it could have been used a
different electromagnetic solver. Since reflectarray antennas
are electrically very large structures, the multilevel fast
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Figure 6: Normalized radiation pattern. Cut ϕ = 0◦, frequency =
20 GHz.

multipole algorithm is used in the full wave analysis to reduce
the required memory and time resources.

4. Conclusion

A powerful tool to automatically design reflectarray antennas
has been presented. The reported technique is able to
generate the geometrical model of the antenna considering
some input parameters, such as, the unit cell type, the
operating frequency, the focal length, the periodicity, and
the desired main beam radiating direction. The tool also
computes and provides the phase curve of the unit cell.
To evaluate the performance of the new method, a recently
published reflectarray has been redesigned. Excellent results
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Figure 7: Gain. Cut ϕ = 0◦, frequency = 20 GHz.

in terms of gain and polarization purity have been achieved.
The developed tool can be very helpful for researchers.
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