
 

 

e-ISSN: 2785-924X 

Available online at 

https://jsst.uitm.edu.my/index.php/jsst Journal of Smart 

Science and 

Technology 
Journal of Smart Science and Technology 6(1) 2026, 11–25 

www.jeeir.com 

 

 1*Corresponding author. E-mail address : zakariyya.os@unilorin.edu.ng 

https://doi.org/10.24191/jsst.v6i1.154 ©UiTM Press, Universiti Teknologi MARA 

 A 28-GHz hybrid corporate-series fed four-element patch antenna 

array with improved bandwidth for 5G millimetre-wave application 

Sikiru Olayinka Zakariyya1*, Muibat Asabi Gbadamosi1, Ayinla Ally Yeketi2,  

Bashir Olaniyi Sadiq3,4 

 1Electrical and Electronics Engineering Department, University of Ilorin, 240003 Ilorin, Kwara State, Nigeria  
2Department of Mathematics, University of Ilorin, 240003 Ilorin, Kwara State, Nigeria   

3Electrical and Computer Engineering, Kampala International University, 20000 Kampala, Uganda  
4Computer Engineering Department, Ahmadu Bello University, 810211 Zaria, Nigeria 

 

 
Citation:  

Zakariyya, S. O., Gbadamosi, M. A., Yeketi, A. A., & Sadiq, B.O. (2026). A 28-GHz hybrid corporate-series fed four-element patch antenna array 

with improved bandwidth for 5G millimetre-wave applications. Journal of Smart Science and Technology, 6(1), 11–24 

  

ARTICLE INFO  ABSTRACT 

Article history: 

Received 02 July 2025 

Revised 15 December 2025 

Accepted 23 January 2026 

Online first 

Published 31 March 2026 

 
In this study, a different approach was taken toward the design and 
performance assessment of a four-element patch antenna operating at 
28 GHz in the millimetre-wave band, specifically tailored for 
next-generation 5G wireless communication applications. Implemented 
on a Rogers RT 5880 dielectric substrate known for its low loss 
characteristics, the antenna benefits from a substrate thickness of 0.5 mm 
and a relative dielectric constant (εᵣ) of 2.2. The antenna array employs 
a microstrip line feeding technique, ensuring efficient signal 
transmission and distribution across the elements. Evaluation of the 
single-element configuration at 28 GHz frequency reveals impressive 
characteristics, including a return loss of −26.3 dB, signifying excellent 
impedance matching. Additionally, the antenna achieves a gain of 
7.75 dB, an outstanding Voltage Standing Wave Ratio (VSWR) of 1.10, 
and a bandwidth of 1.34 GHz. To further enhance these characteristics, 
the antenna was configured as a two-element and a four-element array. 
Compared with the single-element antenna, the two-element array at 
28 GHz shows a greater gain of 9.88 dB and an improved bandwidth of 
2.04 GHz, while the four-element array shows the greatest gain of 
12.5 dB and an expanded bandwidth of 4.89 GHz at the intended 
frequency of 28 GHz. This demonstrates how antenna performance is 
enhanced by utilising array structures. The performance of the proposed 
antenna was validated through comparative analysis with similar 28 GHz 
array antenna designs. The results indicate that the proposed antenna 
outperforms existing designs in both gain and bandwidth. The proposed 
antenna enhances high-capacity 5G millimetre wave (mmWave) 
communication and supports digital infrastructure development in line 
with SDG 9: Industry, Innovation and Infrastructure. 
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1. INTRODUCTION 

The need for faster and more dependable communication networks has led to an explosive growth in wireless 

technology. This growth is better explained by the transition from 1G to 5G networks, where user equipment now needs 
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a significant amount of bandwidth to support the newest applications and improve service1. A new kind of antenna 

system that offers a higher gain and broader bandwidth is essential to support the increasing demands of modern devices 

and provide a reliable, fast connection for 5G networks1,2. Multiple frequency bands, including the 28 GHz and 38 GHz 

bands as well as higher millimetre-wave (mmWave) ranges, have been set aside for the deployment of 5G 

communication due to its bandwidth-intensive nature3. These high-frequency bands are essential for future wireless 

ecosystems, such as smart cities, autonomous systems, and the Internet of Things (IoT), because they allow for massive 

device connectivity in addition to multi-gigabit data rates. 

Although mmWave frequencies promise significantly increased bandwidth and network capacity, they are 

intrinsically limited by their short propagation range and increased susceptibility to environmental interference and 

attenuation. Notwithstanding these difficulties, mmWave bands are vital for future communication systems due to their 

special characteristics. Compared to other mmWave frequencies, the 28 GHz band of the spectrum has become a 

particularly appealing candidate for 5G applications because of its comparatively lower atmospheric absorption and 

attenuation4. To effectively utilise this high-frequency spectrum and mitigate the inherent limitations of mmWave 

propagation, antenna design is essential. Due to their small size, adaptability in design, low profile, and simplicity in 

integrating with contemporary RF systems and mobile platforms, Microstrip Patch Antennas (MPAs) have drawn the 

most attention among the different antenna technologies5–8. Narrow bandwidth and inadequate gain are two common 

drawbacks of conventional patch antennas, which can negatively impact system performance in high-frequency 

applications despite these benefits.  

As a result, several studies have put forward improved patch antenna designs for 5G applications. Rahman et al.9 

presented an antenna operating at 28 GHz with a decent bandwidth; however, the antenna has a low gain. 

Przesmycki et al.10 used an RT/duroid substrate to optimise a rectangular patch antenna, resulted in better metrics but 

insufficient gain for 5G. Awan et al.11 used a defective ground structure (DGS) to increase bandwidth and return loss of 

the patch antenna array, yet the gain remained low. Kamal et al.12 designed a wide-bandwidth hook-shaped antenna but 

at the cost of gain and compactness. Raheel et al.13 designed a dual-band antenna (28/38 GHz) with a 1 GHz bandwidth 

at 28 GHz and a 7.1 dBi gain. In the work of Gaid et al.14, a patch antenna with a 1.43 GHz bandwidth and 8.1 dB gain 

was reported at 28 GHz. Subsequent research has shown the advantages of material optimisation and array 

configurations. Imran et al.15 used a Rogers RT5880 to design a 1 × 4 array antenna that achieved wide bandwidth and 

notable gain enhancements at 38. 6 GHz. Yang et al.16 presented a dual-polarised filtering antenna for 24.25–29. 5 GHz. 

Hasnaoui & Mazri1 investigated scalable arrays at 28 GHz and demonstrated that while using an FR4 substrate may 

limit mmWave efficiency, increasing the number of patches greatly increases gain and bandwidth. Similar to this, Kim 

& Kim17 suggested a dual-polarised MPA on FR4 with an air cavity and parasitic elements to improve antenna 

performance. In a 1 × 4 configuration, gains of up to 11 dBi were obtained. Meanwhile, Shamim et al.18 presented a 

square-slotted patch antenna using RT5880 at 37 GHz, achieving a high gain and a good return loss. In another study, 

Zafar et al.19 proposed a spherical beam steering antenna for use in future mobile devices. Sohail et al.20 presented a 

1 × 4 antenna array made of Rogers RT/duroid 5880 material. Musa et al.21 demonstrated how array configurations 

increase the gain and bandwidth of a millimetre-wave antenna at 28 GHz, reaching up to 9. 87 dBi gain in a 4-element 

array. Finally, Malik et al.22 proposed FR4-based MPAs optimised for high gain and compactness, but performance may 

be limited by substrate selection due to dielectric losses.  

Compactness, gain, bandwidth, and cost are all crucial considerations for a feasible 5G deployment, yet many 

current designs still struggle to strike a balance in spite of these developments. In light of these constraints, this study 

proposes a four-element microstrip patch antenna design tailored for 5G communications to overcome these constraints 

and improve antenna performance at 28 GHz. This paper suggests a hybrid corporate-series feed for a four-element 

microstrip patch antenna array, in contrast to traditional feed networks that employ either corporate or series feeding. 

The proposed architecture seeks to provide a workable solution for next-generation wireless systems by delivering 

increased gain and a broader bandwidth while preserving the structural simplicity and integration capabilities of MPAs. 
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2. MATERIALS AND METHODS 

2.1 Antenna design 

The process of designing a patch antenna began with careful selection of an appropriate substrate material, which 

plays a pivotal role in determining its overall performance. This step was especially critical because both the substrate 

thickness and its dielectric constant significantly influenced key parameters such as bandwidth, gain, efficiency, and 

radiation pattern. In this study, the Rogers RT 5880LZ substrate was selected for implementation, primarily due to its 

favourable electromagnetic characteristics. This material had a low dielectric constant (εᵣ) of 2.2 and a thickness of 

0.5 mm, which collectively helped reduce signal losses and enhanced radiation efficiency, especially at the high 

frequencies used in millimetre-wave communication. 

The conducting material used for the radiating and ground planes of the antenna was copper, chosen for its superior 

electrical conductivity and widespread use in microwave circuit fabrication. Accurate analysis and design of patch 

antennas typically rely on a variety of well-recognised theoretical models. These include the transmission line model, 

the cavity model, and the full-wave electromagnetic model5,13. Each of these methods provides unique advantages 

depending on the complexity and precision required in a given application. 

Among these analytical techniques, the transmission line model is often preferred for its simplicity and ease of 

implementation, particularly in the preliminary design stage13. In this study, the fundamental geometrical dimensions of 

the single-patch element, such as its width and length, were determined using the principles of the transmission line 

model as follows: 

   𝑊𝑃 = 𝑐

2𝑓𝑜
√

2

𝜀𝑟𝑙+1
                                                                      (1) 

The width of the patch denoted as 𝑊𝑃, is dependent on the relative dielectric constant  𝜀𝑟𝑙 and the centre/resonant 

frequency 𝑓𝑜. 

The following relation is used to estimate the effective dielectric constant: 

𝜀𝑟𝑒𝑓𝑓 =
𝜀𝑟𝑙+1

2
+

𝜀𝑟𝑙−1

2
(1 + 12ℎ𝑠

𝑊𝑃
)

−1
2

                            (2) 

Due to fringing effects, the patch length increases slightly, and the extended length ∆𝐿𝑝 is given by: 

∆𝐿𝑝 = 0.412ℎ𝑠

(𝜀𝑟𝑒𝑓𝑓+0.3)(
𝑊𝑃

ℎ𝑠
⁄ +0.264)

(𝜀𝑟𝑒𝑓𝑓−0.258)(
𝑊𝑃

ℎ𝑠
⁄ +0.8)

                           (3) 

Where hs stands for the substrate height and 𝜀𝑟𝑒𝑓𝑓 is the effective dielectric constant. 

The total patch length 𝐿𝑝 is:  

𝐿𝑝 = 𝐿𝑒𝑓𝑓-2∆𝐿𝑝                                (4) 

Here, the effective length 𝐿𝑒𝑓𝑓  is calculated as: 

 𝐿𝑒𝑓𝑓 =
𝐶

2𝑓𝑜√𝜀𝑟𝑒𝑓𝑓
                              (5) 

The edge impedance is given by: 

  𝑍𝑖𝑛 = 90
𝜀𝑟𝑙

2

𝜀𝑟𝑙−1
(

𝐿𝑝

𝑊𝑃
)

2

                                   (6) 

 The quarter-wave transformer impedance is evaluated as: 

               𝑍𝑇 = √𝑍0𝑍𝑖𝑛                                                          (7)   

Using these equations, the patch was designed with calculated dimensions of (𝐿𝑃) and width (𝑊𝑃) of 3.12 mm and 

4.23 mm. The CST-MWS simulation model of the single-element antenna is depicted in Fig. 1(a). 
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To form a 1 × 2 antenna array, the single-patch structure was duplicated and connected using a 100-ohm 

transmission line, effectively creating a dual-patch configuration. This array configuration enhanced the overall antenna 

performance. The CST-MWS simulation of the two-element array is illustrated in Fig. 1(b). 

For further performance enhancement, a four-element configuration was designed using a hybrid 

corporate-series-fed approach. Initially, two rectangular patch elements were fed corporately. To further expand the 

array and boost performance, an additional radiating patch was positioned directly above each of the initial two patches, 

effectively creating a vertically stacked configuration. This results in a total of four radiating elements. This arrangement 

is depicted in Fig. 1(c).  

 

(a) 

 

                    (b)                                                                              (c) 

Fig. 1. Evolution of the proposed antenna design and configuration: (a) Single-patch element, (b) Two-element array,  
(c) Four-element array 

Source: Author’s own data 

3. RESULTS AND DISCUSSION 

The simulation and performance analysis of the antenna, including metrics like return loss, VSWR, bandwidth, gain, 

and radiation pattern, were conducted using CST Microwave Studio. 

3.1 Single-element patch 

As illustrated in Fig. 2(a), the single-patch antenna resonated at 27.99 GHz with a return loss of −26.3 dB. This low 

return loss reflected superior impedance matching and minimal signal reflection at the resonant frequency. The antenna 

achieved a bandwidth of 1.34 GHz, extending from 27.35 GHz to 28.69 GHz. In Fig. 2(b), the Voltage Standing Wave 

Ratio (VSWR) is shown to be 1.10, further validating the effective impedance matching and low reflection loss. 

Additionally, the radiation pattern presented in Fig. 2(c) reveals a gain of 7.75 dB. While this gain level is acceptable 
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for many basic millimetre-wave applications, it can be substantially enhanced by adopting antenna array configurations, 

which provide improved gain and directivity. Furthermore, the surface current plot of the single-element patch is 

depicted in Fig. 2(d), which shows strong currents along the patch edges and feed region, confirming proper excitation 

and resonance. This indicates efficient radiation and effective coupling between the feed line and the patch. 

 

Fig. 2(a). Reflection coefficient (S11) plot for the single-element patch antenna 

Source: Author’s own data 

 

Fig. 2(b). Simulated VSWR plot for the single-element patch antenna 

Source: Author’s own data 
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Fig. 2(c). Radiation pattern characteristic of a single-element patch antenna 

Source: Author’s own data 

 

Fig. 2(d). Surface current distribution of the single-element patch antenna 

Source: Author’s own data 

3.2 Two-element patch 

The performance significantly improved with the two-element array configuration. The antenna resonated at 28 GHz 

with a return loss of −40.5 dB as shown in Fig. 3(a), signifying superior impedance matching and reduced signal 

reflection compared to the single-patch. The bandwidth also increased to 2.04 GHz (27.01–29.05 GHz), offering better 

support for high-data-rate applications across a broader frequency span. As shown in Fig. 3(b), the VSWR remained 
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very low at 1.09, reinforcing the antenna's ability to transfer power efficiently. The gain rose to 9.88 dB, as evident in 

Fig. 3(c), indicating improved radiative efficiency and directivity as a result of the array formation. Furthermore, the 

surface current plot of the two-element patch is depicted in Fig. 3(d), which shows strong current concentration on both 

patch elements and along the feed network, indicating that both patches were properly excited at 28 GHz. The balanced 

current distribution across the two elements confirmed effective power splitting.  

 

Fig. 3(a). Reflection coefficient (S11) plot for the two-element patch 

Source: Author’s own data 

 

 

Fig. 3(b). Simulated VSWR performance for the two-element patch antenna 

Source: Author’s own data 
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Fig. 3(c). Radiation pattern characteristic of the two-element patch antenna 

Source: Author’s own data 

 

Fig. 3(d). Surface current distribution of the two-element patch antenna 

Source: Author’s own data 

3.3 Four-element patch 

With the implementation of a four-element corporate-series-fed configuration, substantial performance gains were 

realised. As shown in Fig. 4(a), the antenna at 28 GHz achieved a return loss of –33.09 dB and a notably wider bandwidth 

of 4.89 GHz, spanning from 24.37 GHz to 29.26 GHz. This ultra-wideband performance is essential for next-generation 

5G and potentially 6G systems, where wide spectral support is necessary for high throughput and multi-service 

operations. Fig. 4(b) confirms a consistently low VSWR of 1.05 across the band, indicating continued efficient 

impedance matching. Most notably, the gain increased to 12.5 dB, as depicted in Fig. 4(c), validating the array's high 
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gain. The increase in gain, combined with broader bandwidth and low VSWR, signified that the proposed antenna design 

was highly optimised for millimetre-wave 5G communications, supporting enhanced data rates, coverage, and 

reliability. Furthermore, the surface current plot of the four-element patch is depicted in Fig. 4(d), which shows strong, 

and well-distributed currents across all four patches and the feed network, indicating proper excitation of the full array 

at 28 GHz. 

 

Fig. 4(a). Reflection coefficient (S11) plot for the four-element patch antenna 

Source: Author’s own data 

 

Fig. 4(b). Simulated VSWR performance for the four-element patch antenna 

Source: Author’s own data 
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Fig. 4(c). Radiation pattern characteristic for the four-element patch antenna 

Source: Author’s own data 

 

Fig. 4(d). Surface current distribution of the four-element patch antenna 

Source: Author’s own data 

A comparison of the S11 and VSWR characteristics for the single-patch element, two-element array, and 

four-element array designs is shown in Fig. 5 to enable a clear assessment of the impact of array scaling on the antenna's 

impedance behaviour.   
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Fig. 5(a): Comparison of reflection coefficient (S11) plot 

Source: Author’s own data 

 

Fig. 5(b): Comparison of simulated VSWR performance 

Source: Author’s own data 

Furthermore, Table 1 summarises the simulated outcomes for the single-element, two-element array, and four-

element array at 28 GHz. As expected, the gain increased with the number of radiating elements; however, the observed 

bandwidth enhancement was not solely due to arraying. The four-element configuration employed a hybrid feed 

network, whose unequal microstrip branches and distributed line sections introduced additional resonant modes and 

improved impedance matching. The corporate feed network provided distributed impedance transforming sections that 

reduced the effective Q-factor of the input match, while the series-fed upper patches introduced additional resonant 

paths through electromagnetic coupling with the lower patches. This coupled arrangement supported multiple closely 

spaced modes, similar to stacked or parasitic broadband patch antennas. The overlap of these modes produced a wider 

usable impedance bandwidth, thereby justifying the increased from 1.33 GHz for the single element to approximately 

4.9 GHz for the proposed array.  

Table 1. Simulation results of the single-, two-, and four-element arrays at 28 GHz 

 Single-element Two-elements Four-elements 

Return loss (dB) −26.3 −40.5 -33.09 

VSWR 1.10 1.09 1.05 

Bandwidth (GHz) 1.34 2.04 4.89 

Gain (dB) 7.75 9.88 12.5 

Source: Author’s own data 
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Table 2 presents a comparative analysis between the proposed 28 GHz antenna and selected benchmark designs. 

While the benchmark reported in Hasnaoui & Mazri1 demonstrates a slightly better return loss, the proposed antenna 

delivered stronger overall characteristics, particularly in gain, bandwidth, and physical compactness. Specifically, the 

proposed four-element array achieved a broader operational bandwidth and a higher gain with minimal compromise in 

return loss. Furthermore, the proposed design consistently maintained an excellent VSWR below 1.1, affirming its 

suitability for practical millimetre-wave applications. 

  Table 2. Comparison between the proposed design and benchmarked MPA reported in Musa et al.22 

Reference 
Resonance 
Frequency (GHz) 

Return Loss 
(dB) 

VSWR 
Bandwidth 
(GHz) 

Gain 
(dB) 

Size Application Domain 

1 28 −35.6 ----- 2.2 6.18 ----- 5G Communication 

13 28 −18 ----- 1 7.9 20×24 5G Communication 

20 28 −17 ----- ----- 6.15 ----- 5G Cellular device 

21 28 −29.5 1.16 1 12.34 24×20 5G Communication 

22 28 −30.71 ----- 2.69 9.87 14.3×26.2 5G Communication 

This Work 28 −33.09 1.05 4.89 12.5 20.07×16.75 5G Communication 

Source: Author’s own data 

4. CONCLUSION  

This paper presents the design and performance analysis of a four-element microstrip patch antenna optimised for 

28 GHz 5G millimetre-wave application. By employing a hybrid corporate-series feed configuration and utilising a thin 

Rogers RT5880 substrate, the antenna achieves a wide operational bandwidth of 4.89 GHz and a peak gain of 12.5 dB. 

These metrics surpass those of several benchmarked designs and demonstrate the efficacy of the proposed approach in 

addressing the limitations of conventional MPAs in high-frequency regimes. The results confirm that performance 

improvements in gain and bandwidth can be effectively achieved through careful feed-network design and array 

configuration. The significant contribution of this work lies in providing an efficient high-gain and wide band antenna 

solution for next-generation 5G millimetre-wave communication systems in the telecommunications sector, thereby 

supporting the development of advanced wireless infrastructure aligned with SDG 9: Industry, Innovation and 

Infrastructure. Future work will explore reconfigurable or beam-steering variants of the proposed array structure. 
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