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I. INTRODUCTION 

Modern communication technology has entered the 5G era. 

The high speed of 5G wireless communication is due to large 

bandwidths in higher frequency bands [1–7]. However, the at-

tenuation of 5G signals is greater than that of LTE signals, since 

it is proportional to the square of the frequency [8]. Repeaters 

are widely used to improve communication quality and extend 

the coverage areas of communication systems [9]. However, 

mutual coupling between repeaters’ Tx and Rx antennas deterio-

rates RF system performance [10–14]. Specifically, the excessive 

feedback generated by mutual coupling can result in magni-

tude/phase errors and may cause a repeater to undergo fatal os-

cillation [15]. Therefore, high isolation between the antennas is 

required [16–18]. In recent years, various methods have been 

proposed to reduce mutual coupling, including orthogonal ar-

rangements [19], uniplanar compact electromagnetic bandgaps 

(EBGs) [20], mushroom-like EBGs [21], helical-shaped EBGs 

[22], dumbbell defected ground structures (DGSs) [23], and 

slotted-complementary split-ring resonators [24]. 

Here, we propose a repeater antenna with high isolation for a 

5G communication system operating in a range of 3.6–3.7 GHz. 

To improve the isolation between the Tx and Rx antennas, mi-

crostrip patch antennas are arranged perpendicularly to each oth-

er. This arrangement allows each antenna to excite orthogonal 

ground modes, which reduce the mutual coupling between the 

Tx and Rx antennas. However, the perpendicular arrangement 

inevitably deteriorates the radiation pattern of one antenna, as 

the ground mode has a strong effect on the antenna’s radiation. 

The antenna’s radiation pattern can be modified by altering the  
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Abstract 
 

Repeaters have been widely used to improve communication quality and extend the coverage areas of wireless communication systems. 

However, mutual coupling between the Tx and Rx antennas significantly deteriorates the performance of repeater systems. This work 

presents a high-isolation repeater antenna operating in a frequency range of 3.6–3.7 GHz in a 5G communication system. Perpendicularly 

arranged microstrip patch antennas are used because this arrangement can lead to greater isolation than a parallel arrangement. However, 

the perpendicular arrangement results in radiation pattern distortion due to the ground mode. A novel defected ground structure (DGS) is 

developed to suppress the ground mode and simultaneously reduce the mutual coupling between the Tx and Rx antennas. An electromag-

netic bandgap (EBG) is additionally employed to further increase isolation. The measurement results of a fabricated repeater antenna 

show no radiation pattern deformation and an isolation improvement of 28 dB over the repeater antenna without the DGS and EBG. 
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surface current density distribution on the ground plane [25–31]. 

Thus, a novel DGS is developed to alter the surface current 

density distribution on the ground thus alleviating the defor-

mation of the antenna’s radiation pattern. By reducing the 

ground mode effects, the novel DGS can also enhance isolation 

between the Tx and Rx antennas. To further increase isolation, 

an EBG structure is also employed [32]. The use of the DGS 

and EBG results in an isolation improvement of up to 28 dB 

over a conventional repeater antenna. 

The remainder of this paper is organized as follows: in Sec-

tion II, we present the isolation and ground mode effects when 

the Tx and Rx antennas are perpendicularly arranged. Next, we 

describe the designs of the novel DGS and EBG and a simula-

tion of the repeater antenna’s performance. Subsequently, we 

report the experimental results of a fabricated repeater antenna. 

Finally, we make concluding remarks. 

II. DESIGN 

The Tx and Rx microstrip patch antennas have a width of 

25.8 mm (0.31λ0) and a length of 17.6 mm (0.21λ0) and operate 

in a frequency range of 3.6–3.7 GHz, where λ0 is the free-space 

wavelength at the lowest frequency within the operating fre-

quency. An FR-4 substrate is used (thickness = 2.4 mm, εr = 4.4, 

tanδ = 0.02). As shown in Fig. 1, the microstrip patch antennas 

are arranged perpendicularly to achieve better isolation, since 

the excited ground modes are perpendicular to each other. 

Fig. 2 shows the simulation results of the perpendicularly ar-

ranged antennas. As shown in Fig. 2(a), the isolation is approxi-

mately 40 dB, and the return losses of the Tx and Rx antennas 

are greater than 10 dB in the frequency of interest. Fig. 2(b) and 

2(c) displays the radiation patterns of the Tx and Rx antennas, 

respectively. The boresight realized gains of the Tx and Rx an-

tennas are 5.78 and 1.75 dBi, respectively. Although the perpen-

dicular antenna arrangement results in isolation enhancement, 

the radiation pattern of the Rx antenna is significantly deformed, 

as illustrated in Fig. 2(c). Fig. 3 shows the ground modes excited 

by the Tx and Rx antennas. Since the ground mode depends on 

the length of the ground [33], the radiation pattern of the Rx 

antenna is significantly affected by the ground mode excited by it, 

whereas the Tx antenna is barely affected, as shown in Fig. 3. 

Therefore, the effect of the ground mode on the Rx antenna 

radiation pattern should be reduced by modifying the surface 

current density distribution on the ground. To do so and en-

hance the isolation between the Tx and Rx antennas, a novel 

DGS is used. Fig. 4 shows a schematic of the proposed DGS, 

which consists of an H-shaped slot, four large fork-shaped slots, 

and two small fork-shaped slots. Fig. 5(a) shows the simulated 

S21 of the repeater antenna with the novel DGS with respect to 

L1. An investigation of the influence of slot length on isolation 

yields an optimal length of L1 = 8.29 mm. For L2, and optimal 

 
(a) 

 

 
(b)                          (c) 

 

Fig. 2. Simulation results of the designed repeater antenna: (a) S-

parameters, (b) Tx antenna radiation pattern, and (c) Rx 

antenna radiation pattern. 

 

 
(a) 

 

 
(b) 

Fig. 3. Surface current density distribution on the ground plane: excita-

tion by (a) the Tx antenna and (b) the Rx antenna at 3.65 GHz.

 
Fig. 1. Perpendicularly arranged microstrip patch antennas.
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length of 20 mm is obtained, as shown in Fig. 5(b). After opti-

mizing other geometric parameters, the final DGS is obtained. A 

schematic of the proposed DGS is shown in Fig. 6(a). The S-

parameters of the repeater antenna with the proposed DGS are 

shown in Fig. 6(b). Isolation is improved by up to 23 dB com-

pared to a conventional repeater antenna without the DGS oper-

ating in the same frequency range. An investigation of the surface 

current density on the ground for the repeater antenna with the 

proposed DGS shows a significant suppression of the surface 

current of the ground mode (Fig. 7(a)) compared to the antenna 

without the DGS (Fig. 3(b)). As shown in Fig. 7(b), the DGS 

confines the surface current density within it, thereby reducing 

the radiation pattern deformation of the Rx antenna and improv-

ing the boresight realized gain by 2.6 dB, as shown in Fig. 7(c). 

To further enhance isolation, an EBG that has a via hole 

with a diameter of 0.4 mm is also used. Fig. 8(a) shows a sche-

matic of the EBG. The band-stop frequency can easily be shift-

ed by adjusting the length of the branch (L3) [34]. Fig. 8(b) 

shows the frequency shifts with respect to L3. As shown in Fig. 

8(c), the EBG improves the isolation between the Tx and Rx 

antennas by about 15 dB. 

Fig. 9 displays a schematic of the repeater antenna with the 

proposed DGS and EBG. Fig. 10 shows the simulated S-

parameters and radiation patterns of the proposed repeater anten-

na. As shown in Fig. 10(a), the isolation bandwidth is broadened 

by simultaneously employing the novel DGS and EBG. Isolation 

is improved by up to 20 dB compared to the conventional repeat-

er antenna. Moreover, the radiation pattern deformation of the 

Rx antenna is significantly reduced, as illustrated in Fig. 10(c). 

The boresight realized gain of the proposed Rx antenna is im-

proved by about 2.3 dBi compared to the conventional antenna. 

 
Fig. 4. Schematic of the novel DGS. 

 
(a) 

 

 
(b) 

Fig. 5. Simulated S21 versus slot lengths: (a) L1 and (b) L2.

 
(a) (b) 

Fig. 6. Optimization results of the proposed DGS: (a) schematic and 

(b) simulated S-parameters. 

 
(a) 

 

 
(b) 

 

 
(c) 

Fig. 7. Simulation results of the repeater antenna with the novel 

DGS: (a) surface current density distribution at 3.65 GHz, 

(b) surface current density vector distribution at 3.65 GHz, 

and (c) Rx antenna radiation pattern. 
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III. FABRICATION AND EXPERIMENT 

The fabricated and experimentally assessed antenna is shown 

in Fig. 11. As shown in Figs. 12–14, the measurement results 

are fairly consistent with the simulation results. The simulated 

and measured S-parameters are shown in Fig. 12(a). Although 

the measured S11 and S22 slightly deviate from their simulated 

counterparts, they are both below −10 dB in the frequency range 

of 3.6–3.7 GHz. The isolation measurement and simulation 

results are quite similar. As shown in Fig. 12(b), isolation is im-

proved by 28 dB compared to the repeater antenna without the 

novel DGS and EBG. As shown in Figs. 13 and 14, the meas-

ured radiation patterns of the proposed repeater antenna are also 

in good agreement with the simulated patterns. As shown in 

Fig. 14(c), the radiation pattern of the Rx antenna is significantly 

improved compared to the conventional repeater antenna due to 

the reduction in the ground mode. The measured boresight 

realized gains of the Tx and Rx antennas with the DGS and 

EBG are 5.2 dBi and 4.05 dBi, respectively. 

 
(a) (b) 

 
(c) 

Fig. 8. EBG: (a) schematic, (b) simulated S21 versus branch length 

(L3), and (c) simulated S-parameters. 
 

 
Fig. 9. Schematic of the repeater antenna with the novel DGS and EBG.
 

 
(a) 

 
(b) (c) 

Fig. 10. Simulation results of the repeater antenna with the novel DGS 

and EBG: (a) S-parameters, (b) Tx antenna radiation pattern, 

and (c) Rx antenna radiation pattern. 

(a) (b) 

Fig. 11. Fabrication and experimental assessment: (a) fabricated re-

peater antenna and (b) experimental setup. 
 

 
(a) 

 

 
(b) 

Fig. 12. S-parameters of the proposed repeater antenna: (a) comparison 

between the simulated and measured S-parameters and (b) 

comparison of the measured S-parameters of the proposed 

and conventional repeater antennas. 
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Table 1 shows a comparison between the proposed repeater 

antenna and previously developed antennas with high isolation. 

The comparison shows that the isolation of the proposed an-

tenna is superior to that of the other antennas. 

IV. CONCLUSION 

In this work, we propose a repeater antenna with high isola-

tion. The proposed repeater antenna is composed of perpendic-

ularly arranged microstrip patch antennas with a novel DGS 

and EBG. The size of the Tx and Rx antennas is 17.6 mm × 

25.8 mm (0.21λ0 × 0.31λ0). Since the ground mode along the 

width of the ground plane significantly impacts the radiation 

pattern of the Rx antenna, the novel DGS is applied to the 

ground plane. This structure modifies the surface current densi-

ty distribution on the ground plane, significantly reducing the 

deformation of the Rx antenna’s radiation pattern. To further 

increase the isolation between the antennas, an EBG is also 

used. The simulated results of the repeater antenna with the 

novel DGS and EBG show a significantly enhanced radiation 

pattern and an isolation improvement of up to 20 dB compared 

to a conventional antenna without the novel DGS and EBG.  

The experimental assessment of a fabricated repeater antenna 

shows a significantly reduced effect of the ground mode, which 

deforms the radiation pattern of the Rx antenna, and an isola-

tion improvement of up to 28 dB. 

Table 1. Comparison of the performance of the proposed antenna with previously developed antennas

Study Technique 
Frequency 

(GHz) 

Substrate Isolation 

improvement (dB)Model Thickness (mm) εr tanδ 

This work DGS and EBG 3.6–3.7 FR-4 2.4 4.4 0.02 28

Ghahramani et al. [20] Orthogonal arrangement 2.8–11.5 FR-4 1.6 4.4 0.02 18

Kaabal et al. [21] Mushroom-like EBG 4.8–5.2, 

5.8–6.8

FR-4 1.6 4.4 0.02 23 

Liu et al. [22] Helical-shaped EBG 2.6 FR-4 0.51 4.4 0.02 8

 Rogers RO3010 2 10.2 0.0035 

Ahmed et al. [23] Dumbbell DGS 2.4 RT/Duroid 6010 1.27 10.2 0.0023 27.11

Bait-Suwailam et al. [24] Slotted-complementary 

split-ring resonators 

4.7 Neltec NH9348 1.27 3.48 0.004 10 

 
(a) (b) 

 
(c) (d) 

Fig. 13. Comparison between the simulated and measured radiation 

patterns: (a) E-plane of the Tx antenna, (b) H-plane of the 

Tx antenna, (c) E-plane of the Rx antenna, and (d) H-plane 

of the Rx antenna. 

(a) (b) 

 
(c) (d) 

Fig. 14. Comparison of the measured radiation patterns of the pro-

posed and conventional repeater antennas: (a) E-plane of the 

Tx antenna, (b) H-plane of the Tx antenna, (c) E-plane of the 

Rx antenna, and (d) H-plane of the Rx antenna.
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