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Abstract— Currently, the smartphones are gaining more and more popularity, due to their increasing 

demand for higher bandwidth and higher data rates. The exponential growth of the population has caused 

telecommunication sector to meet the requirements to achieve multiband operation and improve the radio 

signal transmission performances. In Bhutan, 5G is expected to launch from 2022. The ongoing pandemic 

has made us realize the impact of better connectivity through technology. There are still some challenges 

that cannot be accommodated even by 4G, such as the spectrum crisis and high energy consumption. 

Miniaturization and multi-cell array antennas in 5G offer the possibility of high-speed data transmission but 

pose challenges for cell phone antenna designs. 

As, it has been known that multiple-input multiple-output (MIMO) operation can effectively increase the 

spectrum efficiency or channel capacity, thus, the applying of MIMO technology into a smartphone will 

ensure the enhancement of its channel capacity. A Dual band mm Wave slotted patch array antenna for the 

5G communication is proposed in this paper. The proposed antenna is operating at LTE bands 24-30GHz 

and 30-40 GHz. The antenna can be used in mobile phones as well as in Base stations. The bandwidth, gain, 

directivity, reflection coefficient and VSWR will be studied for the antenna to meet the 5G capabilities. 
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I. INTRODUCTION 

In the last few decades, economic and social development is greatly influenced by the advancement in the 

field of mobile communication. Having gone through the four major wireless evolution that are 1G, 2G, 3G 

and current generation 4G wireless mobile communication. But due to increase in demand services and 

increase in data usage to provides efficient system capacity, it lets to evolution of new mobile 

communication and elimination of antennas for mobile phone in the 1990s. Even though the current 4G 

wireless cellular system provide sufficient services, however there are concern about whether the current 

4G will be able to sustain the increasing demand in data usage after few years. The current 4G provide 

services in the speed of 10Gbps and some drawback of the present cellular system include low latency, 

speed, capacity, battery consumption and reliability. Therefore, it lets to development of the fifth-generation 

cellular system popularly known as 5G. [1-2,6] 

For the cellular system, different antennas are used for wireless cellular communication such as micro-strip 

patch antenna, slot antenna and more over array of antenna is used in 5G for transmitting and receiving 

information for MIMO technology [7]. MIMO technology gives the strong relative impact to 5G wireless 

communication system due to its benefits in terms of performance improvements with respect to Omni- 

directional antennas. The reason behind using these antennas array for 5G communication is that 5G operate 

in the band of millimeter wave, which is between the frequency range of 24 to 300GHz with a frequency 

band width of 250MHz. So, due to the high frequency the antenna size should be small and it is also mostly 
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applicable in the devices such as smartphone [11]. The array of antenna can be in various size and usually 

it operates in very high frequency as compare to the other antenna. Due to introduction of the MIMO array 

antenna in 5G communication, the principle of diversity plays an important role in tackling the multi-path 

effect, low latency, high speed data rates and so on. Diversity means introduction of the multiple links in 

wireless communication.  

In the contest of 5G communication mostly in the smartphone, matrix of array of antenna are used to create 

the multiple paths between the transmitter and receiver. These features of 5G antenna mainly 

miniaturization, multi –cell matrix array antenna and the beam steering technology is used in the 5G 

communication, where it is achieved by changing the phase of the input signal on all radiating elements. 

Phase shifting allows the signal to be targeted at a specific receiver which results in increase in speed, 

latency reduction, higher reliability, capacity and flexibility of the system [5]. 

As smartphone and other mobile communication devices continue to become more ergonomic and 

multifunctional, antenna miniaturization for 5G at millimeter wave is very important for maximizing the 

MIMO channel capacity. Therefore, to design the 5G mm wave antenna, some of the parameters that should 

be studied are size of antenna, types of substrate, antenna integration, feeding technique and compatibility 

with the existing 5G technology. However, to do implementation at device level it gives additional 

complexity and uncertainties at first stage of development, but we have to design an antenna for 5G wireless 

where we will be establishing the coherent for replicable placement to minimize antenna certainties and 

also other parameter such as mobile phone design material must also be considered [14]. It is also important 

to consider the ground plane dimension of the phone, frequency, wavelength, distance between the antennas 

and antenna miniaturization technique to support multi-resonant antenna design to flexibly accommodate 

ongoing 5G evolution across different region [8]. So, this project aimed to provide comprehensive and 

holistic study in designing of 5G mm wave antenna which is applicable for the smart phone application.    

 

II.  MICROSTRIP ANTENNA AND ITS ARRAY 

2.1. Microstrip antenna 

A Microstrip patch antenna, in its most basic form, consists of a radiating patch built on a dielectric substrate 

with the substrate attached to the ground plane as shown in Figure1. It is a low-profile antenna with a variety 

of advantages over other antennas, including being lightweight, low-cost, and having more gain. The patch 

is usually made of conductive metals like copper or gold and can be made into any shape. In this paper the 

proposed slotted patch antenna is of rectangular shape. The patch is made of copper. The patch antenna's 

size and operating frequency are inversely proportional. This feature boosted its popularity, especially in 

5G wireless communication applications where the frequency bands are extremely wide (in Giga Hertz). 

As a result, the antenna is of a modest scale (in millimeter). The rectangular slot is created on the patch to 

increase gain and directivity. The dual band can also be created by using slotted patch antenna. 

   

 

 

 

 

           

           

Figure 1: Simple patch antenna Figure 2: Cooperate feeding technique. 
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2.2. Array of antenna 

Single-element antennas have a broad range of radiation patterns. This indicates that they have a poor 

directivity. Increase in the size of the single-element antenna can improve directivity. The assembly of 

radiating components in a suitable electrical and geometrical arrangement to form an antenna array which is 

another way to improve directivity. An antenna array is a group of single-antenna components that are linked 

together and function as a single antenna. The antenna gain and directivity are two important factors to 

consider. By joining the elements of antenna array, fabrication is simpler. Antenna arrays come in a variety 

of shapes and sizes, depending on the application [13]. In this paper, the proposed antenna is 2x2 slotted 

patch array antenna. 

III.ANTENNA FEEDING TECHNIQUE 

Different feeding strategies are used in the patch antenna array's delivery feeding network. There are a variety 

of methods for feeding the microstrip antenna. Such as contacting and non-contacting approaches. The 

contacting group denotes direct interaction between the feed line and the radiating patch [14]. In these 

proposed papers the feed technique used is Corporate Feeding which is the widely and most common feeding 

technique for fabricating antenna arrays is a corporate feed. It is the type of feeding technique where incident 

power is divided and distributed evenly to the individual antenna elements as shown in Figure 2. 

IV.  DESIGN PARAMETERS AND CONSIDERATION 

Duroid was used to construct the substrate which has a dielectric constant 𝜀𝑟 of 2.2. 𝑓𝑜 is the operating 

frequency, 𝑧𝑖 is the input impedance and t is the thickness of patch. To calculate the dimensions of patch 

antenna, following equations were used: 

Width of the patch: 

                                                                       𝑊 =
𝒄

𝟐𝒇𝒐√
𝞮𝒓+𝟏

𝟐

                                                                            (1) 

Effective dielectric constant of the substrate: 

                                                         ɛ𝑓𝑓 =
ɛ𝒓+𝟏

𝟐
+

ɛ𝒓−𝟏

𝟐
[

𝟏

√𝟏+𝟏𝟐(
𝒉

𝒘
)

]                                                                (2) 

Actual length of the patch: 

                                                               𝑳 =
𝒄

𝟐𝒇𝒐√ɛ𝒇𝒇
− 0.824ℎ [

(ɛ𝒆𝒇𝒇+𝟎.𝟑)(
𝒘

𝒉
+𝟎.𝟐𝟖𝟔)

(ɛ𝒇𝒇−𝟎.𝟐𝟓𝟖)(
𝒘

𝒉
+𝟎.𝟖)

]                                              (3) 

Height of substrate: 

                                                                                      𝑯𝒔 =
𝟎.𝟑𝒄

𝟐𝝅√𝞮𝒓𝒇𝒐
                                                                       (4) 

Length of Feed Line: 

                                                                          𝝀𝒐 =
𝒄

𝒇𝒐
                                                                             (5) 

                                                                         𝑳𝒇 =
𝝀𝒐

𝟒√ɛ𝒓
                                                                           (6) 

Width of micro strip feedline: 
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                                                              𝒘𝒇 =

𝟕.𝟗𝟖𝒉

𝒆
(𝒛𝒊

√ɛ𝒓+𝟏.𝟒𝟏
𝟖𝟕 )

− 𝟏. 25𝑡                                                                 (7) 

4.1. Case study 

A comparative study was done by changing the dimension of the slot since it is the one of the important 

design parameters in antenna which increases the overall performance characteristics of the antenna. In this 

paper, we took dimension of the slot as 2mm x 0.5mm as it has reasonable performance in terms of its returns 

loss and directivity as compared to another dimension of the slot as seen in Table 1.  

Table 1: Effect changing dimension of the slot. 

Sl. no Size(mm) 

Width x length 
Gain(dB) 

Return 

loss(dB) 

Directivity(dB) Bandwidth 

(GHz)  

1 1.5x0.5 7.12 -15.671 7.09 2.865 

2 2x0.5 6.94 -17.426 7.24 3.105 

3 3x1 6.25 -22 6.25 3.925 

4 4x1.2 7.65 -18.759 5.96 4.37 

 

The comparative analysis in terms of bandwidth, directivity, return loss, VSWR and gain was done by 

changing the thickness of the substrate using Roger RT Duroid. From the analysis shown in Table 2, we 

can conclude that increase in frequency reduces the size of the patch and thickness of the substrate. With 

decrease in height of substrate, directivity tend to increase but return loss tend to increase. 

 

Table 2: Changing height of the substrate 

 

 

 

Sl.no Frequency 

(GHz) 

Size of 

patch 

(mm) 

    (L x W) 

Height 

of 

Substrate 

(mm) 

Bandwidth 

(GHz)  

Directivity 

(dB) 

Return 

loss(dB) 

VSWR Gain(dB) 

1 28 4.232x3.375 0.3449 3.812 4.09 -14.966 4.5578 4.27 

2 38 3.591x2.886 0.291 2.21 6.81 -13.77 3.34 6.34 

3 40 2.963x2.382 0.241 1.404 8.2 -12.138 1.614 8.2 

4 60 2.963x2.438 0.1609 1.93 8.07 -15.659 37.258 3.39 

5 80 1.481x1.191 0.1207 2.12 8.72 -11.58 94.85 5.29 

6 100 1.205x0.952 0.0966 2.393 8.13 -10.629 2.1424 8.13 
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Table 3: Dimensions of the patch antenna for the simulation. 

SI.NO Parameter Values (mm) 

1 Length of the 

ground 

5.774 

2 Width of the ground 7.942 

3 Width of patch 3.971 

4 Length of patch 2.887 

5 Height of substrate 0.251 

6 Gap 0.05 

7 Length of feedline 1.532 

8 Width of feedline 0.816 

9 Width of slot 2 

10 Length of slot 0.5 

 

V. SIMULATION AND RESULTS 

5.1. Design of antenna structure 

 

All the dimensions of the patch are given in Table 3. The construction started with a simple microstrip antenna 

and the rectangular slot was added on the patch. In order to improve the antenna efficiency, two elements 

were used in array, one with the same dimensions as the other. The power divider measures 12 mm in length 

and 1 mm in width. The distance between the feed line's centers is 24 mm. 2x2 antenna patch array was built 

to further increase directivity and gain. The dimensions are given in Figure 7.  

Figure 1:Microstrip antenna  
Figure 5:2x1sloted array patch 

antenna 
Figure 4: Microstrip antenna 

with slot 
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5.2. Performance analysis 

5.2.1. Gain  

Antenna gain refers to the amount of signal a given antenna will send or receive in a given direction. Gain is 

determined by comparing the antenna's measured power transmitted or received in a specific direction to the 

power transmitted or received by a hypothetical ideal antenna in the same situation. The maximum 

effectiveness with which the antenna can radiate the power transmitted to it by the transmitter towards a 

target is measured by antenna gain. The gain is calculated for the 1X1, 1X2 and 2X2 array. 2x2 antenna has 

the highest gain. The results are tabulated in table 4. 

5.2.2. Directivity 

The degree to which the radiation emitted is concentrated in a single direction is measured by directivity, a 

parameter of an antenna or optical device. It compares the power density radiated by an ideal isotropic 

radiator (which emits equally in all directions) radiating the same total power to the power density radiated 

by an antenna in the direction of its highest emission. The directivity of the 1X1, 1X2 and 2X2. 2x2 antenna 

has the highest directivity. The results are tabulated in table 4. 

5.2.3 . Bandwidth 

Another significant antenna parameter is bandwidth. The spectrum of frequencies over which the antenna 

can correctly radiate or absorb energy is referred to as bandwidth. The optimal bandwidth is often one of 

the deciding factors when selecting an antenna. Here we design the array of different antenna and compare 

its bandwidth. The following table show the comparative result. 

 

Table 4: Gain, Directivity and Bandwidth of designed antenna. 

 

Antenna     Gain(dB) Directivity(dB) Bandwidth 

(GHz) 

Return 

loss (dBi) 

Patch antenna without 

slot 

       5.19        5.19        2.003 -16.01 

Patch antenna with slot        6.71        7.14      1.14113 -42.28 

1x2 patch antenna array 

without slot 

       11.5        11.5        0.733 -9.850 

1x2 patch antenna array 

with slot 

       11.6        11.9        0.65 -16.57 

Figure 6: Slotted 2 X 2 antenna array design Figure 7: Dimension of 2X2 antenna array  
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2x2 patch antenna array 

with slot 

       12.7        12.6        0.12 -31.1 

 

5.2.3 Radiation pattern  

The Radiation pattern of an antenna represents the energy radiated by the antenna. Radiation Patterns are 

diagrammatical and graphical representations of radiated energy distribution in space as a function of 

direction. 

 

 

 

 

 

 

 

 

  

 

5.2.4. Return loss  

 
Return loss is the measure of the how well devices or line are matched. A matched is good if the return loss 

is high. Different system utilizes the different acceptable return loss limit, but in our case, we consider the 

acceptable limits of 10dBi, which means that if the return loss is below this limit, 90 % of the input power 

will be transmitted from the antenna. 

 
5.2.5. VSWR 

VSWR stand for Voltage Standing Wave Ratio. It is the measure of how efficiently the radio frequency 

power is transmitted from the power source through the transmission line into the load.  In the ideal case, 

100% of the energy is transmitted. This requires an exact matching between the source impedance, the 

Figure 8: Polar Radiation pattern of simple slotted  

patch antenna 

Figure 11:Radiation pattern of of 2x2 array antenna 

Figure 9: Polar Radiation pattern of 1x2 patch 

array antenna 

Figure 10: Polar radiation pattern of 2x2 array antenna 
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characteristics impedance of the transmission line. In the real system, mismatched impedance cause some of 

the power to be reflected backward to the source and these lets to the destructive interference. VSWR measure 

of these voltage variances.  

       

 

 

5.2.6. S-parameter 

S-parameter describe the input-output relationship between the ports (or terminal) in the electrical system. 

Literally means, it represents the power transferred from Port M to Port N in a multiport network. S-

parameter stand for scattering parameter are used to characterize electrical networks using the matched 

impedance. Where scattering refers to the way travelling current or voltages are affected when they meet 

the discontinuity in the transmission line. 

 

     

 

 

 

 

 

 

 

 

 

 

Figure 20: S-paramter for slotted single patch antenna Figure 21: S-parameter for 1x2 array antenna 

Figure 22:S-parameter for 2x2 array antenna 

Figure 12: VSWR for 1x2 array antenna Figure 13: VSWR for 2x2 array antenna 
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VI. CONCLUSION 

In this paper, the slotted microstrip patch antenna with an array with different number of patch element for 

the mm Wave dual band patch antenna for 5G communication has been studied. The different arrays of 

patch antenna design above that are 1x1 antenna with slot and with slot, 1x2 patch antenna array with and 

without slot and 2x2 patch antenna array with slot operates in the frequency range of 28GHz and 38 GHz 

in mm Wave communication which falls under the FR-2 frequency band is presented in the paper. Return 

loss up to -31dBi is achieved with the gain of 12.7 dBi and 12.6 dBi directivity. The compact 5G antenna 

has been designed, that can be used in mobile stations and base stations. For further improvement of 

performance of the antenna or to fulfill the requirement of the 5G antenna, the designed antenna can be 

further extended for massive MIMO purposes to 4x4 or 6x4 array. That will lead to beam steering technique 

which lets to further improvement in the gain up to 80.4dBi with directivity up to 11.9dBi.  

 

ACKNOWLEDGEMENTS 

We convey our heartfelt thanks to those people who helped and supported me for successful completion of 

this project. First and foremost, we would like to express our gratitude to Jigme Namgyal Engineering 

college for giving such opportunity to enhances one own skills and knowledge via project. Secondly, this 

project would not be completed with help of Mr. Bevek Subba, Associate Lecturer, for providing us with 

the opportunity to work and research on such project. Furthermore, we owe him a huge debt of gratitude 

for his valuable guidance and encouragement throughout the completion of this paper. We also want to 

acknowledge all the authors and researchers who had done the research and project on this purpose topic.  

 

REFERENCES 
[1] W. Hong, Z. H. Jiang, C. Yu, J. Zhou, P. Chen, Z. Yu, H. Zhang, B. Yang,X. Pang, M. Jiang, Y. Cheng, 

M. K. T. Al-Nuaimi, Y. Zhang, J. Chen,and S. He, ‘‘Multibeam antenna technologies for 5G wireless 

communi-cations,’’IEEE Trans. Antennas Propag., vol. 65, no. 12, pp. 6231–6249,Dec. 2017 

[2] Yinan Qi, M. Hunukumbure, M. Nekovee, J. Lorca and V. Sgardoni, "Quantifying data rate anD 

bandwidth requirements for immersive 5G experience," 2016 IEEE International Conference on 

Communications Workshops (ICC), Kuala Lumpur, Malaysia, 2016, pp. 455-461, doi: 

10.1109/ICCW.2016.7503829. 

[3] J. Lu, H. Chang and K. Wong, "10-antenna array in the smartphone for the 3.6-GHz MIMO      

operation," 2015 IEEE International Symposium on Antennas and Propagation & USNC/URSI 

National Radio Science Meeting, 2015, pp. 1220-1221, doi: 10.1109/APS.2015.7304999. 

[4] M. A. M. Albreem, "5G wireless communication systems: Vision and challenges,"2015 International 

Conference on Computer, Communications, and 

ControlTechnology(I4CT),Kuching,Malaysia,2015,pp.493-497,10.1109/I4CT.2015.7219627. 

[5] H.-C. Huang, ‘‘Overview of antenna designs and considerations in 5Gcellular phones,’’inProc. Int. 

Workshop Antenna Technol. (iWAT),Mar. 2018, pp. 1–Minimum Requirements Related to Technical 

Performance for IMT-2020Radio Interface(s),document ITU-R M.2410-0, 2017, pp. 1–11. 

[6] Y. P. Zhang and D. Liu, “Antenna-on-chip and antenna-in-package solutions to highly integrated 

millimeter-wave devices for wireless communications,” IEEE Trans. Antennas Propagat., vol. 57, no. 

10, pp. 2830–2841, 2009 

[7] Weiping Cao, Yu Chen, Wen Hai, Xiaoqian Liu, Xinhua Yu, Yiying Wang, "The Investigation of 

Compact Handheld Terminal MIMO Antenna for 4G/5G Application", Antennas Propagation and EM 

Theory (ISAPE) 2018 12th International Symposium on, pp. 1-4, 2018. 

 [8] J. L. Li, M. H. Luo and H. Liu, "Design of a slot antenna for future 5G wireless  communication systems," 

2017 Progress In Electromagnetics Research Symposium – Spring (PIERS), St. Petersburg, Russia, 

2017, pp. 739-741, doi:10.1109/PIERS.2017.8261839. 



 

Volume V, Issue I, 2022                                                                                                              ISBN:  

JNEC Thruel Rig Sar Toed 
Academic Excellence Through Research and Innovation 

 
 [9] A. El-Bacha and R. Sarkis, "Design of tilted taper slot antenna for 5G base station antenna circular array," 

2016 IEEE Middle East Conference on Antennas and  Propagation (MECAP), Beirut, Lebanon, 2016, 

pp. 1-4, doi:10.1109/MECAP.2016.7790104 

[10] IMT Vision—Framework and Overall Objectives of the Future Develop-ment of IMT for 2020 and 

Beyond, document Recommendation ITU-RM.2083-0, 2015, pp. 1–21. 

[11] M. Stanley, Y. Huang, T. Loh, Q. Xu, H. Wang and H. Zhou, "A high gain steerable millimeter-wave 

antenna array for 5G smartphone applications," 2017 11th European Conference onAntennas and 

Propagation (EUCAP), 2017, pp. 1311-1314, doi:10.23919/EuCAP.2017.7928542. 

[12] H. Werfelli, K. Tayari, M. Chaoui, M. Lahiani and H. Ghariani, "Design of rectangular microstrip 

patch antenna," 2016 2nd International Conference on Advanced Technologies for Signal and Image 

Processing (ATSIP), 2016, pp. 798-803, doi: 10.1109/ATSIP.2016.7523197. 

[13] K. Wong, J. Lu, L. Chen, W. Li, Y. Ban and C. Li, "16-Antenna array in the smartphone for the 3.5-

GHz MIMO operation," 2015 Asia-Pacific Microwave Conference (APMC), 2015, pp.1-3, doi: 

10.1109/APMC.2015.7411764. 

[14] S. S. Chakravarthy, N. Sarveshwaran, S. Sriharini and M. Shanmugapriya,"Comparative study on 

different feeding techniques of rectangular patch antenna," 2016 Thirteenth International Conference on 

Wireless and Optical Communications Networks (WOCN), 2016, pp. 1-6, doi:        

10.1109/WOCN.2016.7759032. 

[15] R. Mishra, R. G. Mishra and P. Kuchhal, "Analytical study on the effect of dimension and position of 

slot for the designing of ultra wide band (UWB) microstrip antenna," 2016 International Conference on 

Advances in Computing, Communications and Informatics (ICACCI), 2016, pp. 488-493, doi: 

10.1109/ICACCI.2016.7732093. 

[16] P. W. Futter and J. Soler, "Antenna design for 5g communications," 2017 Sixth Asia-Pacific        

Conference on Antennas and Propagation (APCAP), Xi'an, China, 2017, pp. 1-3, doi:         

10.1109/APCAP.2017.8420649. 

[17] M. Beccaria, L. H. Manh, A. Massaccesi, N. H. Trung, N. Khac Kiem and P. Pirinoli, "5G       

Communication System Antenna Design," 2019 IEEE International Conference on Environment and 

Electrical Engineering and 2019 IEEE Industrial and Commercial Power  Systems Europe (EEEIC / 

I&CPS Europe), Genova, Italy, 2019, pp. 1-4, doi:10.1109/EEEIC.2019.8783900. 

[18] V. Thakur, N. Jaglan and S. D. Gupta, "A Review on Antenna Design for 5G Applications,"2020 6th 

International Conference on Signal Processing and Communication (ICSC), Noida, India, 2020, pp. 

266-271, doi: 10.1109/ICSC48311.2020.9182774. 

[19] IMT Vision—Framework and Overall Objectives of the Future Develop-ment of IMT for 2020 and 

Beyond, document Recommendation ITU-RM.2083-0, 2015, pp. 1–21. 

[20] Liton Chandra Paul, Md. Sarwar Hosain, Sohag Sarker, Makhluk Hossain Prio, Monir Morshed, Ajay       

Krishno Sarkar. The Effect of Changing Substrate Material and Thickness on the Performance of Inset        

Feed Microstrip Patch Antenna. American Journal of Networks and Communications. Vol. 4, No. 3, 

2015, pp. 54-58.doi: 10.11648/j.ajnc.20150403.16 

 

 

 

 

 

 

 


