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Abstract

The present paper presents an array antenna of a microstrip patch for 5G applications. Four rectangular microstrip patch

elements are arranged in parallel and series to form an array antenna. Two insets are made on both sides of each patch element to

achieve a wide frequency bandwidth of 23.97-31.60 GHz. To attain a high gain and wider bandwidth, the microstrip patch

antenna is fed using series and corporate feeding networks. Further, three director elements on top of the top-most patch

elements, and one reflector element at the open end of each patch element, are added. The addition of the Yagi elements

improved the overall gain and acquired a higher radiation efficiency throughout the operating frequency bandwidth, with the

array antenna achieving a maximum peak gain of 8.7 dB. The proposed antenna is built on a low-loss and low-cost substrate of

FR4-eproxy. The proposed antenna design with a simple structure is suitable for Internet of Things and 5G applications.

Index Terms: Microstrip patch, Corporate feed, Series feed, Yagi, 5G

I. INTRODUCTION

Fourth-generation (4G) technology is being implemented

around the world in many different countries, and is bringing

about a higher speed, faster network, low latency, and higher

density. However, with the popularity of mobile communica-

tion and Internet of Things (IoT), the use of wireless devices

is increasing daily. This will eventually create a global band-

width shortage in the future. Thus, researchers are looking at

the fifth-generation (5G) communication system as an answer

to these demands, which is anticipated to provide an enormous

volume of available spectrum, achieve a high data rate, and

have an extremely high device density. 5G is expected to uti-

lize the underutilized millimeter-wave bands [1]. Utilization of

millimeter wave bands for wireless communication will help

improve the communication experiences of users.

The basic element of any wireless communication system is

an antenna. Thus, to develop 5G technology, it is necessary to

design an antenna capable of operating at bands listed for 5G

communication. There are various types of antennas. Among

them, microstrip patch antennas are preferred for different

commercial wireless applications owing to certain advantages.

Antennas designed on microstrip patches are usually conform-

able, smaller in size, lighter in weight, and can achieve a high-

density packaging. Microstrip antennas are also extreme easy

to fabricate, and the cost of production is extremely low com-

pared to that of other antennas. Furthermore, microstrip patch

antennas can be converted into arrays to improve the antenna

performance. Owing to these advantages, 5G microstrip patch

antennas have also been studied and developed with good

results. Numerous studies on microstrip array antennas have

been conducted for 5G applications [2-6].

Among the advantages of microstrip patch antennas, it dis-

tinctly supports numerous types of feeding techniques. A

microstrip array antenna can be fed using a single microstrip

line or even through multiple and complex microstrip lines.
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A few popular feeding techniques include series feed net-

works, corporate feed networks, and corporate-series feed

networks [7]. Among these feeding techniques, corporate-

series feeding techniques have rarely been used for 5G com-

munication. In a corporate-fed network, several power divid-

ers comprising numerous breaks and extended lines for

transmission are used, which causes substantial dielectric

loss and spurious radiation to occur, whereas short lines for

transmissions are utilized networks fed with a series-feed

technique to enhance the efficiency of the antenna [8]. Cor-

porate-series feed techniques combine corporate as well as

series feeding techniques to distribute the power equally to

the patch elements. A 16-element rectangular microstrip-

patch array antenna is presented in [9] for 5G applications,

which is fed by a corporate-series feed network and operates

at 28 GHz. However, the antenna achieves a comparatively

narrow bandwidth.

In this paper, an array antenna of a microstrip patch con-

sisting of four rectangular patch elements connected by a

corporate-series feed network is presented for wide band-

width and high gain. The application of corporate-series feed

technology, along with the addition of two insets on each

side of the patch, and the implementation of Yagi elements

improves the overall performance of the antenna. Moreover,

the size of the patch antenna is reduced and the design of the

antenna is simple, making the antenna suitable for IoT appli-

cations. Further, the antenna is designed using an FR4 sub-

strate, which is of low cost compared to other materials used

for patch antennas.

II. ANTENNA DESIGN

A single patch element operating at the desired frequency

band was designed first. The following rectangular patch

equation [10] was used to calculate the tentative width and

length of the patch.

, (1)

where c is the free space light velocity.

, (2)

where

, (3)

and

(4)

After using the equations, the tentative width and length

were roughly estimated as 3.37 and 1.76 mm, respectively.

Because, the aim of this study was to design an array

antenna with a wide bandwidth, single patch element param-

eters needed to be further optimized to 2.75 mm × 8 mm (LP

× WP). The proposed antenna was designed on a low-loss

substrate of FR4-eproxy, which has a dielectric constant (ε
r
)

of 4.4 and a loss tangent of 0.02.

After designing the single patch element, four single patches

were connected using the combined corporate-series feed net-

work to form an antenna array. A 50-ohm power source was fed

to two rectangular patch elements in the form of a T-junction

power divider through a network of microstrip lines. Subse-

quently, on top of each open patch element, one patch element

was added using a quarter-wavelength transformer stub in

series, creating an array of four rectangular patch elements.

The parameters of the rectangular element were kept con-

stant. Further, Yagi elements were added, with three director

elements placed on top of the top-most patch elements, and

one reflector element placed below each patch element on

the open side. Thus, the array antenna has a total of six

director elements, (three on the top-left and three on top-

right patch element), and four reflector elements (one below

every patch element). However, the desired antenna perfor-

mance was still not achieved. Thus, to improve the gain and

directivity of the antenna, and to increase the bandwidth,

optimization had to be made to the dimensions of the T-junc-

tion power divider. The optimization decreased the overall

size of the antenna and enhanced the overall performance.

 

 

 

 

Fig. 1. Prototype of corporate-series-fed microstrip array antenna: (a)

geometry of proposed array antenna, (b) top view, and (c) bottom view.
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Finally, the combination of series and corporate feeding

techniques led to the design of the proposed four-patch ele-

ment array antenna. The corporate-series fed array antenna

was able to obtain the desired antenna performance without

compromising the overall size. The parameters of the pro-

posed array antenna are shown in Table I, and the geometry

is presented in Fig. 1.

III. RESULTS AND DISCUSSIONS

The antenna was designed using a finite element method

based on a high-frequency structure simulator (HFSS). The

simulated and measured S-parameters (S11) of the proposed

array antenna are presented in Fig. 2. As shown in the figure,

the antenna achieves a return loss of below -10 dB from 23.13

to 30.21 GHz. The return loss shows a matched behavior at

approximately the measured band. From the measurement

result, the maximum return loss is approximately -20 dB at 28

GHz, whereas the return loss is as low as -40 dB at the same

frequency in the simulated result. The differences in the

results between the real environment measurement and the

antenna simulation could be due to losses owing to the nature

of the substrate, connector condition, and manufacturing

defects. However, the return loss measurement shows that the

proposed array antenna operates within the frequency band

proposed for 5G communication. Similarly, as shown in Fig.

3, the radiation efficiency of the antenna is presented. The

antenna performs well with an efficiency of greater than 80%

throughout the operating frequency bandwidth. 

Fig. 4 shows the simulated realized gain of the proposed

microstrip patch antenna. As indicated in the figure, the pro-

posed array antenna has a higher realized gain over the oper-

ating frequency bandwidth, and achieved a maximum peak

gain of 8.7 dB. The simulated and measured radiation pat-

terns of the proposed array antenna are shown in Fig. 5. The

radiation patterns were recorded at 27, 28, and 29 GHz. As

shown from the plots, the presented antennas exhibit a

slightly directional nature. The proposed antenna achieved a

high gain because the power fed to the antenna is equally

split at each junction and transmitted to the patch array with

Table 1. Dimensions of the proposed array antenna

Parameters mm

Substrate Ls × Ws × Hs 22 × 28 × 1.6

Patch Lp × Wp 2.75 × 10

Ground Lg × Wg 22 × 28

Insets
Li1 × Wi1 1.25 × 0.5

Li2 × Wi2 2 × 0.25

Reflector Lr × Wr 2 × 4

Directors
Wd1, Wd2, Wd3 3, 4, 5

Ld 0.5

Feedlines

Lf1 × Wf1 2.4 × 1.5

Lf2 × Wf2 2 × 3

Lf3 × Wf3 1.5 × 10.25

Triangular Slit Lt × Wt 0.75 × 1.5

Stubs
Lst 3.9{(lg/2) + Li1}

Wst 0.2 (Wf/8)

Fig. 2. S11 (measured and simulated) of the proposed corporate-series-fed

array antenna.

Fig. 3. Radiation efficiency of corporate-series-fed microstrip array antenna.

Fig. 4. Peak realized gain of corporate-series-fed microstrip array antenna.
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a uniform distribution. The equally split power is further

transmitted through continuous lines, and the energy propor-

tions are progressively coupled into each patch element

arranged in series. There is a slight difference between the

measured and simulated results. This is due to the losses

caused by the nature of the substrate, errors during the mea-

surement, and the defects caused during antenna fabrication. 

From Table 2, it is clear that the proposed antenna has a

much wider bandwidth than other microstrip antenna models

fed with either series or corporate feeding techniques, as pro-

posed by various researchers for 5G applications. The proposed

array antenna is also smaller than that of all compared models. 

Fig. 5. Radiation patterns (measured and simulated) of the proposed corporate-series-fed array antenna (27, 28, and 29 GHz).
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IV. CONCLUSION

In this paper, an efficient array antenna for 5G communica-

tions with a wide bandwidth covering most of higher 5G

bands is presented. A combination of corporate and series

feeding techniques was applied to develop an efficient corpo-

rate-series feed technique. The proposed array antenna is fed

using a corporate-series feed network, which achieves a good

gain, with a maximum peak gain of 8.7 dB and a wide band-

width of 23.13-30.21 GHz. Yagi elements (three director ele-

ments on top of each of the top-most patch elements, and one

reflector element on the open end of each patch element) were

added, which improved the performance of the antenna. Over-

all, the simulation and measured results proved that the pro-

posed microstrip array antenna is suitable for 5G applications.
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Table 2. Comparison between array antenna models

Antenna type
Max. return loss 

(dB)

Bandwidth

(GHz)

Size (Ls× Ws)

mm2

Corporate-series feed -40 23.13~30.21 22 × 28

[11]  (Series feed) ≈ -30 27.45~28.95 78.5 × 42

[12] (Corporate-series) ≈ -60 26.4~28.9 88 × 25
https://doi.org/10.6109/jicce.2020.18.3.162 166


