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Abstract. Mobile communication systems are becoming more and more developed and the demand for
services and throughput is in increasing. In our work, we designed a rectangular planar antenna for
5G at 3.5 GHz between 3.4-3.8 GHz. FR4 (er = 4.3, h = 1.5 mm) is used as material substrate. We used
DGS to ameliorate the bandwidth of the rectangular antenna. Simulation results are very satisfactory
in terms of S11, VSWR, Gain, and radiation pattern. The designed antenna is low-cost and easy for
integrating to operate at 5G.
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1. Introduction

Printed antennas are very used in wireless and mobile communications which gives easy access
for telecommunication devices. For this purpose frequency bandwidths are available to meet
this need especially 5G [1,4]. DGS technique has been required for many applications due
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to their advantages for printed antennas of bandwidth, gain and omnidirectional radiation
pattern [[7]. The design of printed antennas such as planar monopole (PIFAs), slotted printed
antennas, aperture printed antennas and planetary antennas offers many techniques that play
a major role or they are simple geometry, miniaturized and multiband/broad bandwidth form
factor [8]. the best coverage offered by 5G is the frequency spectrum below than 6 GHz [[6]. Many
advantages are provided by Microstrip antennas such as the low cost, the light weight and
low profile, etc. [2]. Among the techniques for enhancing the properties of printed antennas
is the use of Defective Ground Structure (DGS). In this technology, the slots of antenna are
placed on ground plane of the rectangular antenna so that they reduce its size and/or increase
its bandwidth [5,/10]]. In this work, a design of rectangular printed antenna with extended
bandwidth is proposed which resonates at 3.4-3.8 GHz for 5G mobile communication using CST
simulation software. FR4 (er = 4.3, h = 1.5 mm) is the substrate used. Its bandwidth has been
extended by Defected Ground Structure DGS.

2. Rectangular Patch Antennas Geometry

Figure 1. Rectangular patch antenna

Figure (1| show the antenna design which is fed by 50 ohms. The frequency chosen of 5G
mobile systems is 3.5 GHz. FR4 is the simple substrate material used (er =4.3, h = 1.5 mm).
The parameters of the antenna are given in Table (1. There are calculated from the eqns. [|3,9]:
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The values of the parameters are given in Table

Table 1. Dimensions of the initial patch antenna

Parameters L Lg w Wg L1

Dimensions | 20.25 | 50.89 | 26.32 | 35.32 | 10.82

3. Simulation Results

S-Parameter [Magnitude in dB]

—s11

Frequency / GHz

Figure 2. S11 parameter

Figure [2| shows that the return loss S11 is less than —10 dB. We obtained an S11 of —17.22 dB
at 3.5 GHz.

Voltage Standing Wave Ratio (VSWR)

6.4022e+034 . . : : . .
L O T e P S —8— VSWR1

5e+034 {--------- oo e R R

4e+034 ---eeeene R — A O SO

3e+034 {------- e rsne e e cemeeeendeeneans I DR R B

204034 f-----noee- Boommnnnsn e feemnn e T

T A e VA S R

3.4878 3.49 3.495 3.5 3.505 3.51 3.515 3.5176
Frequency / GHz

Figure 3. VSWR at 3.5 GHz
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Figure 4. Gain at 3.5 GHz

From Figure 4] we obtained a gain of 2.6987 dB at 3.5 GHz.

|
Type Far field
Approximation  enabled (kR == 1)
Monitar farfield (f=3.5) [1]
Component Abs |
Output Gain 4 -
Freguency 35 150 180 -150
Rad. effic. -4070dB
Tot. effic. -4.153dB
Gain 2699 dB Theta / Degree vs. dB
(a) (b)

Figure 5. The radiation pattern of our rectangular patch antenna, (a) polar, (b) 3D

4. Bandwidth Enhancement of the Proposed Rectangular Printed
Antenna

Figure 6. The proposed rectangular planar antenna
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Table 2. Antenna parameters values

Parameters L w a b
20.25 | 26.32 | 35 | 33
(a) patch, (b) ground plan

Dimensions

5. Simulation Results

S-Parameter [Magnitude in dB]

a

b
c
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Figure 7. (a,b,c,d) Return loss of bandwidth enhancement
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Figure 8. Final return loss obtained

From Figure |8 The reflection coefficient obtained is —25.448 at 3.5 GHz. The bandwidth is
between 3.0822-3.8651 and equal to 780 MHz. The result is very satisfactory.
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Voltage Standing Wave Ratio (VSWR)
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Figure 9. VSWR at 3.5 GHz
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Figure 10. Gain at 3.5 GHz with large bandwidth

Figure[9 gives a VSWR of 1.1128 at 3.5 GHz witch is <2.
In Figure[10] the gain obtained is 3 dB at 3.5 GHz.

Farfield Gain Abs (Phi=90)
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Figure 11. (a) 3D Radiation pattern, (b) Polar Radiation pattern, (c) current density
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From Figure we have an angular width of 81.4 deg. The radiation pattern of our proposed
antenna is omnidirectional.

6. Conclusion

A new design of DGS rectangular planar antenna is designed in this paper. We have obtained a
bandwidth of 780 MHz between 3.4-3.8 GHz with the use of DGS. The final reflection coefficient
is —25.488 at 3.5 GHz and the gain is 2.99 which is very satisfactory for mobile communications
systems. Our proposed antenna can be fabricated and integrated for 5G mobile communications.
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