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Abstract—This paper proposes a high gain array antenna operating in the Ku-band at 17.5GHz for
5G applications. This new antenna is printed on an FR-4 substrate of thickness h = 0.8mm and
realized by changing the geometric shape of a rectangular patch, obtained by inserting an L-shaped
slot to enlarge the bandwidth (1.5GHz) and to increase the gain. To further enhance the gain, we
used a 1× 2 patch antenna array closely spaced and powered by a 1-to-2 Wilkinson power divider. We
inserted two high-impedance surface (HIS) structures between the radiating elements and added two
electromagnetic band gap (EBG) layers above the antenna. The antenna gain increases from 7.56 dB
to 14.8 dB. The design and simulation have been performed by CST Microwave. A minor difference
was noted between the measured and simulated data, where a slight shift was observed in the antenna’s
resonance frequency, which can be caused by fabrication tolerances or measurement error, uncertainty of
the thickness of the FR4 substrate, and quality of SMA connector used. The final array antenna shows
a directional radiation pattern with a gain of 14.8 dB and good radiation efficiency over the operating
band.

1. INTRODUCTION

5G is the coming fifth-generation wireless technology based on the 802.11ac standard. It will allow us
to respond to the explosion of our data consumption, so it will first of all avoid the saturation of the 4G
network and also allow a significant increase in speed. To understand the interest of 5G, there are three
important words to remember. The first is the rate, which will enable much faster Internet connection
speeds than 4G and will be up to 10 times faster. The second latency is the reaction time between the
moment you place an order and the moment it appears on the screen, and it will go from 10 to 1ms.
The third density: 5G will be able to support 1 million devices per square kilometer, a 10-fold increase
in connection density. The 5G mobile network will enable a revolution in uses. In particular, it will
promote the development of the Internet of Things. Then, thanks to its low latency, 5G will find a large
number of applications, with upheavals in the field of health (telemedicine), transport (autonomous
vehicles), the smart city (energy management), or the factories of the future (automation) [1–3].

The high gain antennas have been gaining much attention due to their properties to augment
the rate of data transmitted per second. What is known about the gain is largely interesting for 5G
applications. So one of the main techniques to enhance the gain is using an antenna array [4–6], but with
the rapid development of multi-antenna systems, electromagnetic interference between antenna elements
is one of the most concerned problems. Moreover, mutual coupling caused by surface waves has a serious
effect on antenna array performances, such as radiation pattern, gain, and operating bandwidth [7–9].
It is essential to find suitable methods to reduce the mutual coupling and improve the performance of
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antenna array, to name only a few: optimizing the patch shape [10], adding the HIS (High Impedance
Surface) between the antenna elements [11–14], and placing an additional electromagnetic band gap
(EBG) dielectric layer over the patch [13, 15, 16].

In recent years, there has been considerable interest in high-impedance surfaces for enhancement of
antennas [17–20]. HIS structures are periodic and widely used, especially for antenna applications [21–
23], and they may be realized by etching or drilling on the metal or dielectric substrates to improve
the performance of antennas, especially the gain/radiation patterns by putting an end to the problems
created by surface waves [11, 24–26].

An EBG was chosen because it is also one of the most practical ways to increase the gain of the
antenna [15, 27, 28]. EBG dielectrics are generally located half wavelength above ground plane with a
quarter dielectric wavelength thicknesses. The coupling between the antenna and EBG produces a most
directive radiation pattern. Unfortunately, low radiation bandwidth is the major disadvantage of the
antenna using EBG layers.

In this paper, a new patch array antenna is configured. We started by a rectangular patch antenna,
and we changed its shape by inserting an L-shaped slot to have a wide bandwidth and increase the gain
from 5.79 dB to 7.5 dB. To increase the gain further, we used the two elements of the array antenna
and added two HIS Structures in the middle of array to suppress the surface waves created between
the radiated elements. For that the gain is enhanced at 9.88 dB, and to augment the gain more and to
have a directional radiation by adding two EBG layers of thickness ≈ λg/4 above the array antenna a
distance around λ/2 and a distance between the couches is near λ/4 [15, 16, 21, 29]. The gain improves
up to 14.8 dB, and we notice that the bandwidth has become narrower when we add the EBG layers,
that’s why it was necessary to have a wide bandwidth starting patch.

The performance comparison analysis of the proposed antenna with other Ku band antennas is
summarized in Table 1; the proposed design is highly attractive due to its much better performance in
terms of gain and impedance bandwidth.

Table 1. Comparison of proposed antenna performance with other compact antennas.

Ref.
Size

(mm2)
Substrate

Relative

Permittivity

Resonance

Frequency

(GHz)

Bandwidth

(GHz)

Gain

(dB)

[30] 9.39× 7.1
Taconic

TLT-8
2.55 14.24 0.5 5.7

[31] 10× 10
Rogers

RO4350
3.66 13.5 0.37 5.14

[32] 14.8× 11.6
Taconic

TLY-5
2.2 16.2 1.123 6.1

[33] 17× 17 FR-4 4.9 15.8 1.23 4.45

[34] 20× 20
Duriod

5870
2.33 15.46 1.07 1.97

Proposed

Antenna
20× 20 FR-4 4.3 17.5 1.34 7.56

2. ANTENNA CONFIGURATION

2.1. Antenna Development

We started with a classic rectangular patch antenna (Fig. 1(a)) fed by a microstrip line 50Ω of length
Lf = 10mm and Wf = 1.5mm, printed on an FR-4 substrate (relative permittivity ε = 4.4, loss tangent
tan δ = 0.025, and thickness h = 0.8mm) W = 20mm, L = 20mm, h = 0.035mm. The ground plane is
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Figure 1. Evolution design of the proposed rectangular patch antenna. (a) Rectangular patch antenna.
(b) Antenna #1. (c) Antenna #2. (d) Proposed antenna.

a total mass of the same substrate size. Two rectangular notches have been added on the upper corners
of the patch with Ws1 = 1mm, Ls1 = 2.2mm (Fig. 1(b)) and another L-shaped slit inserted in the
radiating patch, with dimensions: a = 3.3mm, b = 1.2mm, and c = 0.95mm, as shown in (Fig. 1(c)),
and by cutting two slots at the input level of the radiating patch with Ws2 = 1.2mm and Ls2 = 1.1mm
(Fig. 1(d)), the proposed antenna characteristics are much improved, such as impedance bandwidth and
gain.

The antenna was designed and simulated by CST software. All optimum dimensions are shown in
the following Table 2.

Table 2. The optimal values of the patch antenna parameters.

Parameter Value Parameter Value

hs 0.8 L = W 20

Wp 7.7 Lp 5.2

Ls1 2.2 Ws1 1

a 3.2 B 1.2

c 0.95 D 0.5

Ws2 1.2 Ls2 1.1
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Figure 2. Simulated S11 for prototypes Rectangular Antenna, Antenna #1, Antenna #2 and Proposed
Antenna.

Fig. 2 shows the reflection coefficient as a function of frequency of each antenna. There is the
minimum reflection at −10 dB, and Table 3 shows the comparison of the evolution process of the
proposed patch antenna.

Table 3. Comparison of the evaluation process of the proposed patch antenna.

Resonance Frequency

(GHz)

Bandwidth

(GHz)

Gain

(dB)

Rectangular patch antenna 17.5 0.6 5.79

Antenna#1 18 0.44 5.67

Antenna#2 17.6 0.42 7.03

Proposed antenna 17.5 1.34 7.56

The rectangular antenna is adapted to the frequency of 17.5GHz with bandwidth 600MHz. To
enhance the bandwidth and the gain, we added two rectangular notches to the start antenna on the
upper corners, but we find that the resonance moves to 18GHz, and the bandwidth and gain decrease a
bit (0.44GHz). For that we inserted an L-shaped slit in the radiating patch, and the antenna is adapted
to 17.6GHz and the gain enhanced to 7 dB. We need a large bandwidth for the next step. So to improve
it, we cut two slots at the input level of the patch. The proposed antenna gave more optimal results; it
is well adapted to the 17.5GHz frequency with a bandwidth of 1.34GHz and the gain of 7.56 dB.

2.2. b-Parametric Study

2.2.1. Variation Effect in Slot Width WS1 and Length Ls1

Fig. 3 shows the effect of the variation of parameter Ws1 on return loss characteristics. We find that the
antenna adaptation and impedance bandwidth at 17.5GHz are optimal at the value ofWs1 = 1mm. The
figure also shows that, in the frequency band between 16.32GHz and 17.83GHz, the return amplitude
is −34 dB. According to Fig. 4, we notice that the length Ls1 does not influence the characteristics of
the parameter S11 and the bandwidth. For this reason, the value Ls1 = 2.2mm has been chosen.
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Figure 3. Effect of varying the width ‘Ws1’ on return loss.

Figure 4. Effect of varying the length ‘Ls1’ on return loss.

2.2.2. Effect of Varying the Size of the L-Shaped Slot

The effects of the variation in the total length of the L-shaped slot, i.e., dimensions ‘a’, ‘b’, and ‘c’, on
the return loss are depicted in the following figures (Fig. 5, Fig. 6 and Fig. 7). The figures show that
the optimal values of ‘a’, ‘b’, and ‘c’ are successively 3.2mm, 1.2mm, and 0.95mm. These values give
the resonant frequency at 17.5GHz, maximum return loss amplitude, and a wider band of 1.5 dB. As
the width increases the adaptation of the antenna and the impedance bandwidth at 17.5GHz improve.

2.3. Array Antenna

Figure 8 shows the geometry and photograph of the 2-element antenna array fed by a 1-to-2 Wilkinson
power divider. The array has an overall size of La ×Wa = 40 ∗ 40mm. The spacing between antenna
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Figure 5. Effect of varying the length ‘a’ on return loss.

Figure 6. Effect of varying the length ‘b’ on return loss.

elements is set to S = 7.8mm, which is almost a half of a free space wavelength λ/2 at 17.5GHz. The
array has been designed, optimized, and simulated using CST Microwave Studio.

The simulated and measured results of the reflection coefficients S11 for the proposed two-element
antenna array are illustrated in Fig. 9. It is apparent that the proposed array antenna has a good
impedance matching at the desired frequency band of 17.5GHz for S11 less than −10 dB with the
operating bandwidth 1.33GHz. The measured resonant frequencies of proposed array shift slightly
compared with the simulated resonant frequencies from 17GHz (fabricated prototype) to 17.5GHz
(simulated case), which can be caused by fabrication precision and the excess of soldering material on
the Wilkinson feed. Fig. 10 illustrates simulated radiation pattern, (a) elevation plane pattern, (b)
azimuth plane pattern of the array antenna; we show that the gain increases more until 8.91 dB.
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Figure 7. Effect of varying the length ‘c’ on return loss.

(a) (b)

Figure 8. Geometry of the proposed patch array antenna design. (a) Array layers. (b) Photograph of
fabricated prototype.

3. INCREASING THE ANTENNA GAIN

3.1. Addition of HIS

High-Impedance Surface (HIS) consists of four parts: a ground plane, a dielectric substrate, metal
patch, and connection via. HIS structures are used to cancel the mutual coupling between the antennas
and then improve the gain. Fig. 11 shows a unit cell of the HIS structure. The parameters of the HIS
structure are optimized and marked on the figure, and their values are given in Table 4. The reflection
phase (Fig. 12) of the HIS structure shows a stopband obtained in the frequency range 10GHz to 18GHz
with a reflection phase in the range of +90◦ ± 45◦.

To improve the performance of antenna by deleting the surface waves between elements of array,
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Figure 9. Simulated and measured return loss of the proposed antenna.

(a) (b)

Figure 10. Radiation pattern, (a) elevation plane pattern, (b) azimuth plane pattern.

Table 4. Optimal values of the HIS parameters.

Parameters Value (mm) Parameters Value (mm)

Wh 5.1 Hh 0.5

Lh 5.1 Gh 0.8

Wh1 2.75 Hh1 0.3

Lh1 0.75

Fig. 13 depicts the integration of the HIS structure in the antenna array. The three cases of the proposed
antenna with HIS are: the first case using two HISs between two patches, the second one, by adding
four HISs, and the third, to merge the two previous cases.

The following Fig. 14 shows the effect of variation in the number of HISs on the antenna array.
As the number of HIS structures around antenna array increases, the resonance moves away from the
17.5GHz frequency. So the best structure is with two HISs which is well adapted and improves the
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Figure 11. Unit cell of the HIS structure.

Figure 12. The reflection coefficient phase.

characteristics of the array. Fig. 15 depicts the radiation pattern of the array antenna with two HISs,
the gain increases from 8.90 dB up to 9.88 dB.

3.2. Addition of EBG Layers

Two EBG (Electromagnetic Band Gap) dielectric layers FR-4 of a thickness d ≈ λg/4 were added to
our array over the radiating elements at a distance H ≈ λ/2 (see Fig. 16). Multiple reflections that
happen between the patches and EBG superstrate provide a spatial filtering for focusing the main beam
radiation of the antenna that allows enhancement for the antenna gain. By observing the return loss
coefficient of the antenna array with and without HIS structure and EBG superstrate (Fig. 17), it can
be seen that as the number of EBG layers increases the bandwidth decreases, but the antenna remains
adapted to the 17.5GHz frequency. The radiation patterns of the proposed array antenna at 17.5GHz
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Figure 13. Different cases for the variation in the number of HIS unit cells.

Figure 14. Simulated S11 of the array with and without HIS.

(a) (b)

Figure 15. Radiation pattern, (a) elevation plane pattern, (b) azimuth plane pattern.
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Figure 16. Array antenna with two EBG superstrate dielectric.

Figure 17. Simulated S11 of the array with and without EBG.

(a) (b)

Figure 18. Radiation pattern, (a) elevation plane pattern, (b) azimuth plane pattern.
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are depicted in Fig. 18. The gain increases from 8.9 dB until 14.8 dB, and the increase depends on
the number of EBG layers. The radiation patterns of the proposed array antenna at 17.5GHz for the
elevation plane pattern and azimuth plane pattern are illustrated in Fig. 18. It can be seen that the
antenna almost achieves directional radiation pattern over the 17.5GHz when the EBG superstrate is
used. Fig. 19 gives the radiation efficiency of the final antenna versus frequency. An improvement is
observed in the efficiency of antenna when the EBG layers are added in which the radiation efficiency
reaches values around 80% [35].

Figure 19. Radiation efficiency with and without EBG.

Table 5 shows the performance comparison among designed patch antennas. We can see that the
gain increases in every stage except the band which became narrower when we added the two EBG
layers.

Table 5. Performance comparison among designed patch antennas.

Performance

Parameters

1 patch

antenna

Array

antenna

Array antenna

+2HIS

Array antenna

+2HIS+2EBG

Reflection

coefficient (dB)
−33.5 −37.39 −35.85 −16.36

Bandwidth

(GHz)
1.34 1.33 1.25 0.45

Gain (dB) 7.56 8.9 9.88 14.80

Radiation

efficiency(%)
81.5 81 84 82.5

Fig. 20 shows the surface current distribution of the array antenna at frequency 17.5GHz, and the
maximum current density is indicated by the red color while the minimum current density is indicated
by blue color. The currents mainly distribute along the edges of the array antenna (Fig. 20(a)). In the
antenna array with EBG and HIS we see that the currents are distributed in all the antenna, which
means that the HIS cancels the mutual couplings.

Figure 21 shows the simulated RCS of rectangular antenna, proposed patch, and proposed array
antenna. We see that RCS has increased from −7 dBm to 15 dBm at the frequency 17.5GHz, which
is one of the inconveniences of our antenna network. So it is necessary to find a technique to decrease
RCS in the next work.
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(a) (b)

Figure 20. Surface current distribution of the array antenna: (a) without EBG and HIS, (b) with
EBG and H.

Figure 21. Comparison of Simulated RCS versus frequency of rectangular antenna, proposed patch
and proposed array antenna.

4. CONCLUSION

In this paper, we have designed a new Ku-band microstrip patch antenna. To increase the bandwidth
(1.5GHz) and gain, an L-shaped slot was added to the patch. To have a higher gain we used an array
of 2-elements and adding HIS structures and EBG layers. The final antenna has a greater gain than
14.8 dB. Our work clearly has some limitations in the radiation bandwidth by using the EBG; it becomes
narrower, which is why it was necessary to configure the start patch antenna with a wider bandwidth
for the final bandwidth to be acceptable. For that it is possible to operate the antenna for the Ku-band
application.
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