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This paper describes the design of a compact and wide angular circularly polarized low-profile EBG antenna. Except at 3.7 GHz
and for θ lower than −25◦ in the plane Φ equals to 0◦, the modelized structure provides an axial ratio lower than 3 dB, over a
wide angular aperture of 60◦ and over a bandwidth of 5.3% ([3.7 GHz–3.9 GHz]). It has a very low height of 11.9 mm (λ/7 at
3.8 GHz). A prototype has been manufactured, and the measured performances, considering the tolerance of the measurement
base (±0.5 dB), are quite similar to the simulated ones.

1. Introduction

Today, several techniques implemented on satellite commu-
nication systems (such as multiinput multioutput) require
compact antennas with good circular polarization.

A compact antenna generally used to generate a circular
polarization is the printed antenna (patch antenna) [1]. But,
its main disadvantage is its low gain.

A solution to increase the patch gain while keeping a
compact structure is to consider a low-profile EBG antenna.

Indeed, this solution can provide a directivity of 10 dBi
[2], which is equivalent to the one obtained with several
patch antennas, and presents an ultralow cavity height below
λ/10 [2].

This subwavelength cavity concept has been widely used
in many publications for linear polarization applications [2–
9].

In this paper, we propose a wide angular (60◦) circularly
polarized low-profile EBG antenna for spatial communica-
tions.

According to the CNES (Centre National d’Etudes Spa-
tiales) specifications, the designed antenna must meet several
requirements (Table 1).

The desired dimensions are 60 mm ∗ 70 mm ∗ 11.9 mm
(length ∗ width ∗ height). The circular polarization consid-
ered is the left one. An axial ratio lower than 3 dB, over the
angular aperture θ (60◦), and over a frequency bandwidth
of 200 MHz (5.3%) is desired. Concerning the gain, it must
be higher than 5 dB over the desired angular aperture with
a maximum in the boresight direction (θ equals to 0◦) of
8.5 dB.

Before presenting the simulated and measured perfor-
mances of the final structure, it is initially necessary to
explain the low-profile EBG antenna design.

2. Design of the Low-Profile EBG Antenna

The designed antenna (Figure 1(a)) satisfies the size specifi-
cations.
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Table 1: Antenna specifications.

Dimensions Length: 60 mm, width: 70 mm, and
height: 11.9 mm (λ/7 at 3.8 GHz)

Frequency 3.7 GHz–3.9 GHz

Polarization Left circular polarization

Axial ratio <3 dB

Angular aperture θ [−30◦, 30◦]

Boresight Gain 8.5 dB

Gain at ±30◦ >5 dB

The EBG cavity (Figure 1(b)) is formed between the
ground plane and the FSS placed above it. The FSS is com-
posed by a centered and periodic assembly of square patches
(9 mm ∗ 9 mm [0 x ∗ 0 y]) (Figure 1(a)). In order to
facilitate the manufacturing of the antenna, the FSS is directly
printed at the bottom of a FSS substrate.

The feed system considered, consists of a patch
(Figure 2(a)) fed by four feed points that are connected to
the four outputs of a distribution circuit (1 input and 4
outputs) located under the ground plane (Figure 2(b)). This
distribution circuit (Figure 2(b)) is optimized to provide the
ideal weights Pi (1) at 3.8 GHz for the generation of the left
circular polarization

P1 = (0.5, 0◦), P2 = (0.5, 90◦)

P3 = (0.5, 180◦), P4 = (0.5, 270◦).
(1)

The connection between the patch and the distribution
circuit is made using four 50 ohm SMA cables (Figure 1(b)).

The design of this antenna which must satisfy at
very restrictive specifications (Table 1) has been difficult
to obtain. The main difficulty encountered has been the
coupling [10] between the four feed points of the antenna
(Figure 2(a)).

3. Coupling between the Feed Points of
the Antenna

3.1. Explanation. The main difficulty encountered is the
strong coupling between the feed points of the antenna locat-
ed in the same axis ({1, 3} and {2, 4}) (Figure 2(a)), that can
be observed in linear polarization (without the distribution
circuit presence). Indeed, when the feed point 1 is fed and
the others loaded on 50 ohms (Figure 3), almost half of the
energy is captured by the feed point located in the same
axis, namely, 3 (Figure 2(a)). While the coupling levels of
the feed points not located in the same axis (2 and 4) are
negligible (Figure 3). The same observations can be made
when the other feed points of the antenna are successively
fed. When the antenna will be connected to the distribution
circuit (Figure 4), a reflected field (Fi) at each feed point i of
the antenna, due to the coupling [10], will change the ideal
weights (Pi) (1) provided by the distribution circuit. Then,
the axial ratio will be altered because the weights at the feed
points of the antenna are different than the ideal ones Pi (1)
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Figure 1: Top (a) and inside (b) views of the designed low-profile
EBG antenna.

needed for the generation of a good left circular polarization
(Figure 4).

3.2. Solution. The solution has been to reduce the reflected
field (Fi) (2) at each of the four feed points of the network
[10]

Fi =
4∑

j=1

Si j ∗ Pj , (2)

where Pj (1) and Si j are; respectively, the ideal weights and
the S parameters.

Equation (2) can be simplified by neglecting the coupling
S parameters of the feed points which are not located at the
same axis than the fed one (Figure 3). The simplified equa-
tion (3) shows that each Fx parameter depends on the reflec-
tion parameter (Sxx) associated to the fed access x and the
coupling parameter (Sxy) of the access y located in the same
axis as x

Fx = (Sxx ∗ Px) +
(
Sxy ∗ Py

)
. (3)

To reduce the reflected field (Fx) at each feed point x, and
knowing that if we consider the ideal weights affected by the
distribution circuit (Px equals to −Py), it is necessary that
the S parameters associated to the pairs of feed point {x, y},
namely, Sxx and Sxy be identical in modulus and phase:

Sxx = Sxy. (4)

To satisfy (4), the solution has been to dismatch each feed
point x of the antenna in order to have the reflection param-
eter (Sxx) equal to the associated coupling parameter (Sxy).



International Journal of Antennas and Propagation 3

Feed point 2

Feed point 1

Feed point 4

Feed point 3

Rogers R04003C: (permittivity = 3.51, thick = 1.5 mm)

Square patch (20 mm 20 mm)∗

(a) Patch with four feed points

Distribution circuit

Rogers R04003C: (permittivity = 3.64, thick = 0.4 mm)

(b) Distribution circuit located under the ground plane

Figure 2: Feed system of the designed antenna.
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Figure 3: Coupling between the feed points of the low-profile EBG antenna without the distribution circuit when the feed point 1 is fed and
the others loaded on 50 ohm.
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Figure 4: Illustration of the reflected field (Fi) at each feed point i of the antenna when it is connected to the distribution circuit.
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Figure 5: Optimized S parameters (Sxx and Sxy) in simulation.
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Figure 6: Simulated reflected field at each feed point of the antenna.
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Figure 7: Bottom (left) and top (right) views of the manufactured
prototype.

In practice as the distribution circuit presents a dispersion as
a function of the frequency, the weight Px does not strictly
equal to −Py on the entire 200 MHz bandwidth desired. It is
therefore not necessary that the Sxx parameter strictly equals
to Sxy . So considering the dispersion of the distribution
circuit, we have optimized the antenna using CST software
in order to obtain the adequate S parameters (Sxx and Sxy)
(Figure 5) for reducing the reflected field at each feed point
of the antenna on the entire 200 MHz bandwidth desired
(Figure 6).
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Figure 8: Simulated and measured return losses.

Now that the reflected field at each feed point of the
antenna has been reduced, it is necessary to present the
simulated results and compare them with the measured ones.

4. Manufactured Prototype and Results

4.1. Manufactured Prototype. The prototype (Figure 7) has
been easy to manufacture it because the patch, the distribu-
tion circuit, and the FSS have been made by etching with an
LPKF-S100 device.

4.2. Comparison between the Simulated and Measured Results.
The simulated and measured return losses of the antenna
obtained with the distribution circuit are quite similar
(Figure 8). The designed structure is matched to −10 dB in
simulation over a bandwidth of 15.3% ([3.5–4.08] GHz).
This bandwidth is in measurement about 15.2% ([3.52–
4.1] GHz). If we now consider the frequency bandwidth
defined in the specifications ([3.7–3.9] GHz), the simulated
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Figure 10: Continued.
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Figure 10: Simulated and measured realized gain obtained over the angular aperture in the two principal Φ planes (0◦ at left and 90◦ at
right).

return loss is lower than −18 dB, while the measured one
is below −14 dB. Although the measurement may be less
satisfactory than the simulation, we can still conclude that
the achieved prototype is consistent with the specification of
−10 dB.

In terms of radiation, there is a maximum difference
between the simulated realized gain in the left circular
polarization and the simulated intrinsic gain (Figure 9) of
0.6 dB, due to the return loss (Figure 8). Moreover this
difference, considering the tolerance of the measurement
base (±0.5 dB) is also observed between the measured
intrinsic gain and the realized one over the bandwidth where
the antenna is matched in measurement [3.52–4.1] GHz. In
terms of levels, the simulated realized gain at the boresight
direction (θ equals to 0◦) higher than 9 dB over the band
[3.7–3.9] GHz satisfies the specifications of 8.5 dB in this
direction. Regarding the measured one, a value higher than
8.2 dB over the desired bandwidth is obtained. The realized
gain dip at 3.9 GHz in the manufactured antenna, less than
0.5 dB compared to the maximum value at 3.75 GHz, can
be explained by the tolerance of the measurement base

(±0.5 dB). This latter explains also the fact that the measured
realized gain in the two Φ planes (0◦ and 90◦) are not equal
at the boresight direction (θ equals to 0◦) (Figure 10).

Finally, the measured gain, higher than 5.2 dB over the
angular aperture with a maximum at the boresight direction
(θ equals to 0◦) greater than 8.2 dB, are close to the
specifications.

Figure 11 illustrates the simulated and measured axial
ratio in two Φ planes (0◦ and 90◦) over an angular aperture
of 60◦ and for 3 frequencies of the working band. The most
favorable case is at 3.8 GHz, because it is at this frequency
that we have optimized the antenna and in particular the
distribution circuit. We can also notice that the variation
of the axial ratio is not symmetrical because the structure
is rectangular (Figure 1(a)). Moreover, it is not necessarily
minimal in the boresight due to the fact that the structure
is optimized to generate an axial ratio less than 3 dB over a
wide angular range [−30◦, 30◦], and not in a fixed direction.
Apart from 3.7 GHz and for θ lower than −25◦ in the plane
Φ equal to 0◦, the simulated axial ratio is lower than the
specification of 3 dB in the two Φ planes (0◦ and 90◦), on
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Figure 11: Simulated and measured axial ratio (AR) obtained over the angular aperture in the two principal Φ planes (0◦ at left and 90◦ at
right).

the entire bandwidth and over all the angular aperture of 60◦

(Figure 11). Concerning the measured one, the specifications
(angular aperture, axial ratio level and bandwidth) are also
satisfied except at 3.7 GHz for θ lower than −20◦ and greater
than 25◦ in the plane Φ equals to 90◦. Aside from the
special cases defined previously (at 3.7 GHz), it is possible
to conclude that the simulated and the measured axial ratio
satisfy the specifications.

It should be also noted that as for the measured realized
gain, the measured axial ratio in the two Φ planes (0◦ and
90◦) at the boresight direction (θ equals to 0◦), are not equal
due to the tolerance of the measurement base (±0.5 dB).

5. Conclusion

In this paper, the design of a wide angular circularly polarized
low-profile EBG antenna for spatial communications has
been presented. The conception of this antenna which must
satisfy at very restrictive specifications in terms of axial
ratio level (3 dB), angular aperture (60◦), and frequency
bandwidth ([3.7–3.9] GHz) has been difficult to obtain.
Indeed, the coupling between the feed points of the antenna
induces reflected field which modify the ideal weights
provided by the distribution circuit, and alter the axial ratio.
The solution has been to reduce the reflected field at each
feed point of the network on the entire bandwidth.

Apart from special cases at 3.7 GHz, the designed antenna
presents a very low simulated axial ratio (3 dB), over
the wide angular aperture and the frequency bandwidth
desired. Considering the tolerance of the measurement
base (±0.5 dB), the manufactured prototype, as expected,
provides performances quite similar to the simulated ones.
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