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This paper presents a microstrip patch antenna operated at the fifth generation (5G) 
frequency range, which is at 3.5 GHz. To enhance the performance of the proposed 
antenna, an Artificial Magnetic Conductor (AMC) structure is implemented into the 
design. The 1x3 AMC is sandwiched between two FR-4 substrates and the performance 
of the proposed antenna is compared with the antenna without AMC structure. The 
simulated results prove that the proposed antenna offers better reflection coefficient 
with -50.45 dB compared to only -15.55 dB for the conventional antenna. Wider 
bandwidth is also achieved with 427 MHz of frequency bandwidth as opposed to only 
135 MHz for the antenna without AMC. Besides that, the integration of AMC enhances 
the gain of the antenna when 3.7 dBi is achieved in contrast to only 3.21 dBi for the 
conventional antenna. Moreover, the efficiency of the antenna with AMC is also 
improved up to 68.54%. Furthermore, the ability to shrink 52.23% of the size of the 
antenna without AMC making it very favorable to be applied in 5G bands.  
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1. Introduction 
 

The development of mobile technology happens every day, hence the number of mobile 
subscribers tremendously increase day by day. According to [1], fifth generation (5G) connections 
will surpass 1 billion in 2022 and 2 billion by 2025. 5G accounted for more than 5.5% of mobile 
connections compared to only 2.2% for 3G and 4G within 18 months after its launching.  

Applications that use 5G offer a lot of advantages such as higher data rates and hyperconnectivity, 
but the actual performance of a 5G device is determined by its antenna. As a microstrip patch 
antenna offers benefits such as small, low profile and low cost fabrication, it is very suitable to be 
used for 5G antennas [2-5]. However, the microstrip patch antenna provides low gain, narrow 
bandwidth, and limited efficiency. Therefore, various techniques have been conducted to overcome 
the drawbacks. One of the methods is by adding the parasitic elements into the antenna design to 
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achieve wider bandwidth [6, 7]. The parasitic patch can also be used to shrink the size of the antenna 
[8]. Moreover, the bandwidth improvement can also be done by creating the slotted patch antenna 
[9-11]. Besides that, the method of using superstrate into the design had also been proposed to boost 
the gain of the antenna [12-15].  

On the other hand, the used of metamaterial had also been one of the best approaches to 
improve the performance of the antenna. Artificial Magnetic Conductor (AMC) is one kind of the 
metamaterial that widely used due to their special electromagnetic characteristics that do not exist 
in nature.  

AMC has been used in a Multiple-Input-Multiple-Output (MIMO) array antenna to reduce the 
size, improve gain and efficiency of the antenna [16]. Additionally, the gain enhancement can also be 
obtained using a dual band AMC surface for wireless body area network applications [17] and ultra-
thin AMC in antenna-on-chip [18, 19]. 

In this paper, a microstrip patch antenna with AMC structure has been designed to test the 
performance enhancement of the antenna for 5G frequency range, which is in sub-6GHz. Several 
techniques to boost the performance of the antenna are reviewed, followed by the antenna design 
and geometry, results, and discussion, and finally a brief conclusion is given. 
 
2. Antenna Design and Geometry 
2.1 Artificial Magnetic Conductor (AMC) 
 

First, an 8.5 x 18.5 mm2 Artificial Magnetic Conductor (AMC) unit cell is designed on a 9.5 x 19 
mm2 FR-4 substrate. Three alterations have been made until zero degree of reflection phase at 3.5 
GHz is achieved, as shown in Figure 1 and Figure 2. 
 

                                    
(a)                                    (b)                                    (c) 

Fig. 1. The alterations of AMC unit cell (a) First alteration (b) Second alteration (c) 
Third alteration 
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Fig. 2. The reflection phase for each alteration 

 
From the graph of reflection phase, the bandwidth of AMC unit cell can be defined as illustrated 

in Figure 3. The bandwidth of the reflected phase crosses zero degree at 3.5 GHz is determined 
between +90° to -90°. As a result, the bandwidth of the proposed AMC unit cell is 40.57%, ranging 
from 2.33 GHz to 3.75 GHz. 
 

 
Fig. 3. The bandwidth of the proposed AMC unit cell 

 
2.2 Antenna Design Geometry 
 

The AMC unit cell is then implemented into a microstrip patch antenna design. The proposed 
antenna consists of five layers as shown in Figure 4. The top layer is where the microstrip patch is 
located. The second and third layers are the AMC substrate and AMC structure, respectively. The 
fourth layer consists of the antenna substrate while the fully ground planed is placed at the 
bottommost layer. FR-4 is used for both AMC substrate and antenna substrate with dielectric 
constant, εr = 4.3, thickness, h = 1.6 mm and loss tangent, δ=0.019. To have better performance, 
three different arrangements of AMC structure have been simulated which are 1x1, 1x2 and 1x3.  
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(a) 

 
(b) 

Fig. 4. Geometry of the proposed microstrip patch antenna (a) patch 
structure (b) 3D view 

 
Besides that, a 52.6 x 40.4 mm2 conventional antenna has also been designed with the same 

substrate and patch, however no AMC structure is added into the design. After optimization, the 
antenna with AMC managed to shrink to only 35 x 29 mm2 of size. This means that 52.23% of the size 
antenna without AMC can be reduced. Therefore, this miniaturization can fulfil the requirement of 
5G as small antenna is needed to be applied in this kind of technology.  

The following relationships are used to calculate the dimension of the proposed microstrip patch 
antenna. The width of the patch, wp is calculated by Eq. (1): 

 

𝑤𝑝 =  
1

2𝑓𝑟√𝜀𝑟

2

𝜀𝑟+1
                                                                                                                  (1) 

 
The effective length is given by: 
 

𝐿𝑒𝑓𝑓 =  
𝑐
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                                                                                                                    (2) 

 
where c is the free space velocity, 𝑓𝑟 is the resonant frequency with the effective dielectric constant, 
𝜀𝑒𝑓𝑓 given by: 
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where h is the thickness of the substrate. Next, the length extension, ∆L is the fringing field effect 
created at the radiating edge can be calculated as in Eq. (3). 
 

∆𝐿 = 0.412ℎ
(𝜀𝑒𝑓𝑓+0.3)(

𝑤𝑝

ℎ
+0.264)

(𝜀𝑒𝑓𝑓−0.258)(
𝑤𝑝

ℎ
+0.8)

                                                                                              (4) 

 
The length of the patch, 𝑙𝑝 is given by: 
 

𝑙𝑝 =  𝐿𝑒𝑓𝑓 − 2∆𝐿                                                                                                                         (5) 

 
Finally, the actual width, W and length, L of the proposed antenna design is determined by Eq. 

(6) and Eq. (7). 
 

𝑊 = 6ℎ + 𝑤𝑝                                                                                                                   (6) 
 
𝐿 = 6ℎ + 𝑙𝑝                                                                                                                         (7) 
 

A parametric study has been done to optimize the dimension of the quarter wave transmission 
line, feedline and other parameters in order to have better reflection coefficient, wide bandwidth 
and sufficient gain at the resonant frequency. The overall parameters are tabulated in Table 1. 
 

Table 1 
Dimension of the proposed microstrip patch antenna 
Parameter W L wp Lp fx ix iy 

Value 35 29 26 19.05 3 0.15 2.5 

 
3. Results and Discussion 
 

The proposed antenna is simulated in sub-6GHz 5G frequency band, which is at 3.5 GHz using the 
CST Microwave Studio software. Figure 5 shows the reflection coefficient (S11) of the proposed 
antenna and the antenna without AMC structure. The result clearly illustrates that better S11 can be 
achieved with the implementation of AMC. The antenna with AMC structure offers better S11 with -
34.19 dB for 1x1 arrangement and -50.45 dB for 1x3 arrangement, compared to only -15.55 dB for 
the antenna without AMC. Based on Figure 5, the S11 of the antenna is improved when more unit 
cells are added into the AMC structure. The 1x3 of AMC arrangement is sufficient in order to obtain 
better S11 while maintaining the compact size of the antenna.  

Besides that, the proposed antenna also obtains 427 MHz of frequency bandwidth, and only 135 
MHz for the conventional antenna. Furthermore, the utilization of AMC structure also gives benefit 
to the gain of the antenna when 3.7 dBi is achieved, as opposed to only 3.21 dBi for the antenna 
without AMC. This result proved that the AMC structure not only wider the bandwidth but also 
enhance the gain of the proposed antenna. 
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Fig. 5. The S11 for the antenna with AMC and without AMC 

 
Figure 6 illustrates the radiation pattern of the antenna in xz and yz-plane. Based on the 2D polar 

plots, the radiation pattern in xz-plane shows a bi-directional shape with 153° of main lobe direction. 
In contrast, the quasi-omnidirectional pattern is observed in yz-plane with the main lobe directs at 
11°. On the other hand, the enhancement of the antenna performance has also been obtained in 
term of the efficiency. By adding the AMC structure into the antenna design, the total efficiency is 
increased up to 68.54%. Table 2 tabulates the overall performance of the proposed antenna and the 
antenna without AMC. 

 

       
(a)                                                     (b) 

Fig. 6. Radiation pattern of the antenna: (a) xz-plane (b) yz-plane 

 
Table 2  
The overall performance of the antenna 

Parameter Antenna without AMC Antenna with AMC 

Size (mm2) 52.6 x 40.4 35 x 29 
S11 (dB) -15.55 -50.45 
Bandwidth (MHz) 135 427 
Gain (dBi) 3.21 3.70 
Efficiency (%) 46.50 68.54 
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4. Conclusion 
 

A microstrip patch antenna with AMC structure has been proposed in this paper. The 
implementation of AMC structure into the antenna design shows that performance of the microstrip 
patch antenna can be enhanced. By obtaining -50.45 dB of reflection coefficient, the antenna 
achieves better S11 and offers wider bandwidth compared to the antenna without AMC. Besides that, 
better S11 can also be achieved when more unit cells are added in the AMC arrangement. Moreover, 
the utilization of AMC managed to reduce 52.23% of the antenna size, achieve higher gain and better 
efficiency. Therefore, the proposed antenna could be one of the methods to overcome the 
drawbacks of microstrip patch antenna, and indirectly very favorable to be applied in 5G frequency 
range. 
 
Acknowledgement 
The authors would like to thank to Universiti Malaysia Perlis (UniMAP) for the sponsorship of the 
research work through Research Materials Fund (RESMATE), number 9001-00627. 
 
References 
[1] GSMA, "Mobile Momentum: 5G connections to surpass 1 billion in 2022." (2022), available at 

https://www.gsma.com/newsroom/press-release/mobile-momentum-5g-connections-to-surpass-1-billion-in-
2022-says-gsma/.  

[2] Stanley, Manoj, Yi Huang, Hanyang Wang, Hai Zhou, Ahmed Alieldin, Sumin Joseph, Chaoyun Song, and Tianyuan 
Jia. "A dual-band dual-polarised stacked patch antenna for 28 GHz and 39 GHz 5G millimetre-wave 
communication." In 2019 13th European Conference on Antennas and Propagation (EuCAP), pp. 1-4. IEEE, 2019.  

[3] Ciydem, Mehmet, and Emre A. Miran. "Dual-polarization wideband sub-6 GHz suspended patch antenna for 5G 
base station." IEEE Antennas and Wireless Propagation Letters 19, no. 7 (2020): 1142-1146. 
https://doi.org/10.1109/LAWP.2020.2991967 

[4] Gao, Xiaobing, Li Zhang, Yejun He, Long Zhang, Wenting Li, Sai-Wai Wong, and Chao-Hsiang Liao. "A Dual-Polarized 
Compact Patch Antenna for Sub-6 GHz 5G Base Stations." In 2020 IEEE Asia-Pacific Microwave Conference (APMC), 
pp. 752-754. IEEE, 2020. https://doi.org/10.1109/APMC47863.2020.9331429 

[5] Swelam, W., N. Rashad, and M. H. Abd ElAzeem. "Millimetric Broadband Ankh Key Antenna for 5G 
Applications." Journal of Advanced Research in Applied Mechanics 42, no. 1 (2018): 7-11.  

[6] Fan, S. T., Y. Z. Yin, B. Lee, W. Hu, and X. Yang. "Bandwidth enhancement of a printed slot antenna with a pair of 
parasitic patches." IEEE antennas and wireless propagation letters 11 (2012): 1230-1233. 
https://doi.org/10.1109/LAWP.2012.2224311 

[7] Kedze, Kam Eucharist, and Ikmo Park. "Low-profile dipole antenna with corner cut parasitic patches for bandwidth 
enhancement." In 2018 IEEE Asia-Pacific Conference on Antennas and Propagation (APCAP), pp. 294-295. IEEE, 
2018. https://doi.org/10.1109/APCAP.2018.8538274 

[8] Sharma, Richa, N. S. Raghava, and Asok De. "Design of compact circular microstrip patch antenna using parasitic 
patch." In 2021 6th International Conference for Convergence in Technology (I2CT), pp. 1-4. IEEE, 2021. 
https://doi.org/10.1109/I2CT51068.2021.9418104 

[9] Karthika, K., and K. Anusha. "A Novel Compact Slotted Pentagon Shaped Patch Antenna For Ultra-Wideband 
Applications." In 2021 International Conference on Advancements in Electrical, Electronics, Communication, 
Computing and Automation (ICAECA), pp. 1-6. IEEE, 2021. https://doi.org/10.1109/ICAECA52838.2021.9675702 

[10] Nurhayati, Nurhayati, Tri Rijanto, Puput Wanarti Rusimamto, Ahmad Abimanyu, S. Prasad Jones Christydass, and 
Alexandra Paleologoudias. "Impedance Bandwidth Enhancement of Monopole Antenna with Triangle Slot in the 
Ground plane and Modified Patch for UWB applications." In 2021 3rd International Conference on Research and 
Academic Community Services (ICRACOS), pp. 301-304. IEEE, 2021. 
https://doi.org/10.1109/ICRACOS53680.2021.9702006 

[11] El-Ashmawy, Nessma Ibrahim, and A. M. M. Allam. "Dual Band U-Shaped Microstrip Antenna.".  
[12] Mollaei, Masoud Sharifian Mazraeh, Esmaeel Zanganeh, and Masoud Feshki Farahani. "Enhancement of patch 

antenna gain using cylindrical shell-shaped superstrate." IEEE Antennas and Wireless Propagation Letters 16 
(2017): 2570-2573. https://doi.org/10.1109/LAWP.2017.2734802 

https://doi.org/10.1109/LAWP.2020.2991967
https://doi.org/10.1109/APMC47863.2020.9331429
https://doi.org/10.1109/LAWP.2012.2224311
https://doi.org/10.1109/APCAP.2018.8538274
https://doi.org/10.1109/I2CT51068.2021.9418104
https://doi.org/10.1109/ICAECA52838.2021.9675702
https://doi.org/10.1109/ICRACOS53680.2021.9702006
https://doi.org/10.1109/LAWP.2017.2734802


Journal of Advanced Research in Applied Sciences and Engineering Technology 

Volume 29, Issue 3 (2023) 97-104 

104 
 

[13] Gangwar, Deepak, Sushrut Das, and R. L. Yadava. "A meander line-DSRR double superstrate loaded high gain circular 
patch antenna." In 2017 IEEE Applied Electromagnetics Conference (AEMC), pp. 1-2. IEEE, 2017. 
https://doi.org/10.1109/AEMC.2017.8325735 

[14] Shaikh, Tazeen, Mahesh Singh, and Bratin Ghosh. "Gain Enhancement of Patch antenna using Superstrate." In 2021 
IEEE Indian Conference on Antennas and Propagation (InCAP), pp. 887-889. IEEE, 2021. 
https://doi.org/10.1109/InCAP52216.2021.9726309 

[15] Kerketta, Shilpi Ruchi, and Debalina Ghosh. "Gain enhancement of millimeter wave antenna using superstrate." 
In 2016 IEEE Indian Antenna Week (IAW 2016), pp. 55-58. IEEE, 2016. 
https://doi.org/10.1109/IndianAW.2016.7883597 

[16] Malekpoor, Hossein, and Mehdi Hamidkhani. "Performance enhancement of low-profile wideband multi-element 
MIMO arrays backed by AMC surface for vehicular wireless communications." IEEE Access 9 (2021): 166206-
166222. https://doi.org/10.1109/ACCESS.2021.3135447 

[17] Yadav, Mohit, Muquaddar Ali, and R. P. Yadav. "Gain Enhanced Dual Band Antenna Backed by Dual Band AMC 
Surface for Wireless Body Area Network Applications." In 2021 IEEE Indian Conference on Antennas and 
Propagation (InCAP), pp. 494-497. IEEE, 2021. https://doi.org/10.1109/InCAP52216.2021.9726271 

[18] Yu, Yiyang, Zubair Akhter, and Atif Shamim. "Ultra-Thin Artificial Magnetic Conductor for Gain Enhancement of 
Antenna-on-Chip." IEEE Transactions on Antennas and Propagation 70, no. 6 (2022): 4319-4330. 
https://doi.org/10.1109/TAP.2022.3140528 

[19] Malhat, H. A., S. Abdelhamied, and S. H. Zainud-Deen. "High Gain and Radiation Efficiency Rectangular on-Chip 
Microstrip Patch Antenna for 60 GHz Applications." Journal of Advanced Research in Applied Mechanics 41, no. 1 
(2018): 16-21.  

https://doi.org/10.1109/AEMC.2017.8325735
https://doi.org/10.1109/InCAP52216.2021.9726309
https://doi.org/10.1109/IndianAW.2016.7883597
https://doi.org/10.1109/ACCESS.2021.3135447
https://doi.org/10.1109/InCAP52216.2021.9726271
https://doi.org/10.1109/TAP.2022.3140528

