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ABSTRACT: This article describes the design of a passive Bi-band
Fresnel reflectarray (20–30 GHz). It is focused on the design of the

reflecting panel of the reflectarray. Two different primary feeds will be
used at 20 and 30 GHz, respectively for demonstrating the proposed

concept. Nevertheless, in the final design a switched primary feed will
have to be used. The dual operation band is obtained with multiple reso-
nant elementary cells. Although the paper deals with linearly polarized

primary feed, an interesting property of these cells is that they also
work with circular polarization. Moreover, a phase correction based on
Fresnel zones is used in order to ensure the best tradeoff between sim-

plicity and radiating performance. Finally, the reflecting panel is made
and radiation pattern and gain measurements are shown. VC 2016 Wiley

Periodicals, Inc. Microwave Opt Technol Lett 58:1025–1028, 2016; View

this article online at wileyonlinelibrary.com. DOI 10.1002/mop.29730

Key words: reflectarray; unmanned aerial system; satellite

communication

1. INTRODUCTION

UAS-satellite communications are studied nowadays. The objective

is to replace airplane or helicopters in harsh environment by UAS

for different applications such as Survey UAS communication for

fire prevention and coastal zone survey. A 20-GHz frequency band

for the downlink and 30-GHz band for the uplink are used [1,2]. For

this system, the antenna has to be light, to provide a directive radia-

tion pattern and to work at high frequencies. Printed quasi-optical

antennas are good candidates to satisfy these constraints. That is

why, a printed Fresnel reflectarray antenna had been chosen. In spite

of active solutions were recently proposed [3,4], we propose a fully

passive single layer solution for ease of fabrication and power con-

sumption in order to obtain a low cost antenna. Multi-resonant ele-

mentary cells [5,6] associated to Fresnel reflectarray [7] were

studied. First, we describe how the elementary cell works, then we

explain the principle of Fresnel reflectarray and finally simulations

and measurement of a demonstrator are shown.

2. ELEMENTARY CELL

The reflectarray surface is divided into elementary cells having the

same size (k/2 3 k/2 at 20 GHz) but four disk or ring-based patches

geometries are used: disk, ring patch, combination of ring and disk

or double ring. These geometries combine several advantages:

� Disk or ring-based patches are known to have multiple

resonances and we can take advantage of this to obtain multi-

ple frequency operation

� The phase reflected by a given ring-based patch is the same

whether the primary feed is linearly or circularly polarized.

As a consequence the same reflecting panel can be used for

linear and circular polarizations.

The ring patches are known for their multiple resonances. The

lower frequency can be adjusted by outer diameter of the ring and

higher frequency by inner diameter. We also want to keep dimen-

sions compatible with standard printed circuits techniques, that is,

no dimension should be smaller than 100 mm. Therefore, we need

to add a disk or another ring inside the first one to reach the differ-

ent required phases at 20 and 30 GHz. The variation of the phase

versus frequency for the different kinds of elementary cell is pre-

sented in Figure 1. The substrate used here is Rogers Duroid sub-

strate (er: 2.2, thickness: 768 mm).

In Figure 1, we observe that the disk patch is resonant only

at lower frequency, but in the same time the second resonance

Figure 1 Multi-resonant elementary cell. (1) Disk, (2) ring, (3) ring1

disk, (4) double ring. [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com]
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is far away from 30 GHz. The ring has to be modified in order

to obtain the resonant frequency at 30 GHz. It is done by adding

a small disk inside the ring. However we still cannot obtain all

the phase shifts necessary to have the full Fresnel reflectarray

phase range, therefore we also use another kind of patch com-

posed of two rings.

To illustrate the patch behavior versus frequency, the current

distribution is shown in Figure 2 at 20 and 30 GHz. The inci-

dent electrical field is vertical. Currents on the disk patch are

parallel to electrical field at 30 GHz. This means that the ring

has no influence at this frequency. At 20 GHz, the current is

mainly concentrated on the ring patch with a symmetrical distri-

bution with respect to the two minima. Without the disk patch,

the minimum would be located along the incident electric field.

It means that disk and ring patches are coupled at this frequency

and this explains why it is possible obtain new values of the res-

onant frequency compared to the ring or the disk alone.

2.1. Fresnel Reflector
The main equations for the Fresnel zones are recalled here.

rn5

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2:n:f :k

P
1 n:

k
P

� �2
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With rn the outer radius of the nth zone,

n51; 2; 3 . . . ;
f : focal length

P: Number of Fresnel zones

un5
n21ð Þ: 2p

P
mod 2p (2)

With: un phase shift of the nth cell,

n51; 2; 3 . . . ;

P: Number of Fresnel zones

Figure 2 Current distribution for the ring 1 disk patch at 20 and 30 GHz. [Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com]

Figure 3 Bi-band Fresnel zones. [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com]

Figure 4 21 3 21 Fresnel reflectarray radiation pattern simulation. (a) E

and H planes at 20 GHz, (b) E and H planes at 30 GHz. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com]
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Greater P is, better will be the phase correction (close of a

classical reflector described in [1]). The main advantage of Fres-

nel reflectarray over classical reflectarray (point to point phase

correction) is that only P different elements are required to form

the phase front. This greatly simplifies the conception and the

fabrication of the reflecting panel. Of course the phase compen-

sation is less accurate and the gain is decreased compared to the

point to point phase compensation, but an optimum between

manufacturing ease and radiation efficiency is obtained for

P 5 8 [6].

However, with a focal over diameter ratio (F/D) equals to

0.5, the space between two consecutive radiuses become quickly

smaller to be able to insert elementary cells with a number of

Fresnel zones P equal to 8. That is why, we choose P equals to

4 (quarter wavelength correction).

A 21 3 21 quarter wavelength Fresnel reflectarray with a

centered primary feed and an F/D ratio equal to 0.5 is simulated

with Ansys HFSS [8].

Based on the distribution law of Fresnel zones, the number

of phase compensation cycles (3608) is repeated more often at

30 GHz than 20 GHz for a same array size (Figure 3). The con-

sequences are a greater number of zones at 30 GHz than

20 GHz and for a given position, and the phases to compensate

at 20 and 30 GHz are different most of time. Theoretically, a 1=4
wavelength Fresnel reflectarray works with four different

patches, but here, we need 16 different patches. Some examples

are presented Figure 1. Patches sizes are chosen in order to

obtain the best tradeoff between the desired phases at 20 and

30 GHz. In its last configuration, the reflectarray has two kinds

of unit cells: ring1 disk (358 patches) and double ring patches

(83 patches). A study was done for the estimation of the phase

error by zone and frequency. The zone (0–1808) which repre-

sents 10% from the total number of patches has the higher phase

error. At 20 GHz, this error is equal to 188, and at 30 GHz it is

388. In the other zones, the errors do not exceed 258. It repre-

sents more or less 1=4 of the phase correction, so it might

decrease slightly the radiation efficiency.

2.2. Simulations
The previous Fresnel Reflectarray is simulated with Ansys

HFSS (Fig. 4). The primary feed is a standard open-ended

waveguide WR-42 at 20 GHz and WR-28 at 30 GHz. Gains are

20 dBi and 18.5 dBi at 20 and 30 GHz, respectively.

2.3. Measurement
The reflecting panel of the reflectarray was fabricated in the

LEAT, University Nice Sophia Antipolis and assembled and

measured at University of Ulm. The reflectarray panel with both

primary feeds at 20 and 30 GHz is shown on Figure 5. The pri-

mary feed in Ka-band is a small horn antenna.

The gain measurements are presented in Figure 6 and demon-

strate the bi-band performance of the reflectarray. Measured gains

are in good agreement with simulation results (20.5 dBi at

20 GHz and 18.5 dBi at 30 GHz). Simulated and measured radia-

tion patterns (E plane) at 20 and 30 GHz are shown in Figure 7.

Figure 5 Fresnel reflectarray prototypes. [Color figure can be viewed

in the online issue, which is available at wileyonlinelibrary.com]

Figure 6 Gain measurement versus frequency. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com]

Figure 7 Comparison between simulations and measurement for 21 3

21 Fresnel reflectarray. (a) E plane at 20 GHz, (b) E plane at 30 GHz.

[Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com]
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The difference between simulation and measurement results

observed at 30 GHz are due to primary sources slightly different

in simulation and measurement.

In Figure 6, we can observe that the optimum frequency is

32 GHz (measured gain equals to 25 dBi). We can explain this

result by the tradeoff between reflection phase by unit cell at 20

and 30 GHz that leads to errors compared to theoretical values

of the Fresnel zones. More precisely, 10% of the patches at

30 GHz have a phase error of 388. The tradeoff has more bad

effects at this frequency. The radiation pattern was measured at

the optimum frequency (32 GHz) and is presented in Figure 8.

3. CONCLUSION

An original passive Fresnel Reflectarray was designed and realized

for a bi-band satellite communication application. The bi-band

behavior is obtained by using multi resonant elementary cells such

as double ring patches and ring 1 disk patches. These structures

have the benefit of be single layer and are easy to produce. The gain

measurement shows that the antenna works correctly at 20 and

30 GHz with only small difference with simulations. The need to

have a tradeoff between the reflection phases by elementary cells at

20 and 30 GHz shifts the maximum gain at higher frequency.
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ABSTRACT: This article presents the design of a broadband microstrip
patch antenna for wireless communication. The proposed antenna con-

sists of a radiating patch on one side of a dielectric substrate which has
a ground plane on the other side. A half hexagonal microstrip patch

antenna is designed using PTFE substrate with dielectric constant 2.4
and thickness h 5 1.6 mm. To enhance the bandwidth, rectangular slots
are incorporated on the ground plane of the half hexagon patch. The

proposed antenna works within the frequency range of 2.0–11.5 GHz
which exhibits 141% bandwidth with a peak gain of 6.2 dBi. VC 2016

Wiley Periodicals, Inc. Microwave Opt Technol Lett 58:1028–1032,

2016; View this article online at wileyonlinelibrary.com. DOI 10.1002/

mop.29726

Key words: half hexagonal patch; broadband; high gain; mobile and
radar applications

1. INTRODUCTION

The mobile Bluetooth technology provides short range of wire-

less connections between electronic devices like computers,

mobile phones, and many others. The mobile communication

systems are growing very rapidly [1,2]. Microstrip patch anten-

nas are very demandable due to low real estate, low profile or

size, low cost of fabrication and ease to radiate the power with

feeding network. There are some drawbacks like narrow

Figure 8 Measured radiation pattern of 21 3 21 Fresnel reflectarray

at 32 GHz. [Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com]

Figure 1 Half hexagonal conventional patch antenna
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