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Abstract 

Background: 

The fifth generation (5G) technology is one of the modernist technologies in the wireless 

communications field. The design of antenna considers a vital role in 5G technology. In this 

paper, a proposed antenna is presented and investigated for 5G frequency band (28GHz).  

Materials and Methods: 

 In this paper, a hexagon patch antenna, single and array patch antenna configuration at 

28GHz are presented. The proposed antenna design is implemented on substrate (dielectric 

material ) of Rogers RT5880 with size of 8x8 mm
2
. Also, 1x2 antenna array sized of 10x16 mm

2
 

and 1x4 antenna array sized of 13x32mm
2
 are constructed based on the proposed hexagon patch 

element.  

Results: 

Three configuration are implemented and simulated using the CST software. They are 

investigated in terms of the performance metrics represented by the Voltage Standing Wave 

Ratio (VSWR), gain, bandwidth, angular width, and total efficiency. The first configuration of a 

single hexagon antenna provides a gain of 7 dBi with excellent impedance matching 

(VSWR=1.259), an efficiency of 81%, an angular width of 165.6 degrees, and a bandwidth of 

0.637 GHz. The second configuration of 1x2 hexagon antenna array achieves a gain of 8.9 dBi 

with excellent impedance matching (VSWR=1.9), an efficiency of 80%, an angular width of 48.2 

degrees, and a bandwidth of 0.554 GHz. The third configuration of 1x4 hexagon antenna array 

demonstrates a gain of 12 dBi with excellent impedance matching (VSWR=1.45), an efficiency 

of 82%, an angular width of 18.8 degrees, and a bandwidth of 0.45 GHz. .  

Conclusion: 

The results highlight the impact of array geometry on gain, impedance matching, 

efficiency, angular coverage, and bandwidth. By elucidating these parameters, this research 

contributes to the advancement of millimeter-wave communication technologies, facilitating the 

design of high-performance antennas for various wireless communication applications in the 28 

GHz frequency band. 

Keywords: fifth-generation (5G), millimeter-wave, array antenna, hexagon antenna, 28GHz 

band. 
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Introduction 

 Over the recent years, the demand of human for high quality of services represented by 

high rate of transferring data through the communication channel, encouraged the industrials of 

wireless mobile communication to develop new communication technologies. This developing of 

technologies represented by the generations of the mobile communications that starting with the 

first generation (1G), second generation (2G), third generation (3G), fourth generation (4G) and 

fifth generation (5G). A considerable interest with 5G was received by various industrial fields 

due to it’s capability to provide high throughput, fast connection, low latency, ultra-reliability, 

and more capacity. The 5G can be implemented and operated at two frequency bands, the first 

band is the lower band that is beyond 6GHz which is used for long distances and low data rate, 

and the second band is above 6GHz up-to 100GHz specially the unlicensed band of 24.25- 

29.5GHz. The millimeter band has been considered a good candidate for 5G communication 

because it has a large bandwidth in which it provides higher data rate services [1-3]. Many 

researches have been done in this area where antennas designed for single and multiband [4-8]. 

The 5G technology considers number of antennas as an important factor represented by the 

multiple input multiple output (MIMO) system to achieve the requirements of the new 

generation. The properties of patch antenna represented by the low cost, robust design, 

lightweight and the moderate performances, made him the preferable choice in different areas 

such as military systems, mobile satellite communications, wireless local area networks, and for 

the 5G new Radio Communication Systems. Also, the phased array antenna is a promising 

technique for exploiting the millimeter frequency band [9],[10]. 

In [11], three models of antenna was proposed for operation in the band of 28GHz. A 

rectangular shape was used with multiple slots was used to design these three models fabricated 

on FR4 dielectric substrate. These antennas gave a good performance but low efficiency in the 

first model which increased in the third model. In [12], the authors presented a rectangular patch 

antenna to operate at 28 GHz based on a substrate material of Rogers RT Duroid 5880 with 

thickness of 1.57mm. This antenna achieved a large bandwidth, but low gain value. In [13], a T-

shaped patches of 1x4 elements was designed on Rogers RT Duroid 5880 material substrate with 

the defect ground structure (DGS) approach to achieve a bandwidth of 12.4 GHz, covering from 
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25.1-35.1 GHz. This approach does not suitable for 5G requirement because the coplanar-

waveguide feeding limits the array configuration based on T-shaped antenna. 

   In this work, we present a hexagon patch antenna and an antenna array with different 

arrangements that consists of many patch antennas with microstrip lines feeding operating at 

28GHz  for 5G application. To fit the requirements, the parameters of the patch antenna structure 

are calculated based on design antenna equations  and modified . 

The remainder of this paper is organized as follows: Section II contains the design of the  

single patch and array antenna. Also, the parameters of the substrate are presented in this section. 

The third section discusses the simulation results of the designed single element and array 

antenna. Finally, we conclude the research in the last section. 

System Model 

Design of Single Patch Antenna 

 The structure of patch antenna consists of a conducting patch and a ground plane in 

addition to substrate between them that can be a dielectric such as Rogers RT5880. The design 

process of a rectangular patch antenna starts with the knowledge of the key factors for instance 

resonance frequency, dielectric constant and thickness of the dielectric material that is used as a 

substrate. Then, apply the design equations to compute the antenna parameters represented by 

the antenna dimensions as follows [3]. 
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The width and length of the rectangular patch antenna are calculated based on the above 

equations where the relative permittivity was 2.2 and the height was 0.2mm of the substrate 

dielectric (Rogers RT5880). The calculated values of width and length of the rectangular patch 

are W=4.23mm and L=3.5mm for operating frequency of 28GHz. The configuration of the 

hexagon patch antenna depends on the size of the rectangular antenna with some modifications 

on the dimensions as illustrated in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: The designed hexagon patch antenna 

 

Design of 1x2 hexagon Patch Antenna Array 

The structure a 1*2 antenna array was designed based on the designed hexagonal 

antenna, where two antennas were placed side by side over a substrate of Rogers RT5880 

dielectric material with an area of 10*16 mm. The dimensions of the antenna feed were 

determined to achieve matching at a frequency of 28 GHz. The configuration of the 1*2 hexagon 

patch antenna array is shown in Figure 2. 



 
JOURNAL`S UNIVERSITY OF BABYLON FOR 

ENGINEERING SCIENCES (JUBES) 

امعة بـــــــــابــل للعلــــــــىم الهنذسيةـــــــمــــــجلــة ج  

 

Vol. 32, No. 3. \ 2024  ISSN: 2616 - 9916 

 

02 
 

 

 

 

 

 

 

 

 

 

 

Figure 2: The designed 1x2 hexagon patch antenna array 

Design of 1x4 Patch Antenna Array 

The structure a 1*4 antenna array was designed based on the designed hexagonal 

antenna, where four antennas were placed side by side over a substrate of Rogers RT5880 

dielectric material with an area of 13*32 mm. The dimensions of the antenna feed were 

determined to achieve matching at a frequency of 28 GHz. The configuration of the 1*4 hexagon 

patch antenna array is shown in Figure 3. 

 

 

 

 

 

 

 

 

 

 

Figure 3: The designed 1x4 hexagon patch antenna array 
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Simulation Results  

The design of patch array antenna at 28 GHz and obtained results have been discussed in 

this section. The hexagon patch antenna and hexagon array antenna are designed and simulated 

using CST software to exhibits its simulation results. Figure 4 shows the reflection coefficient or 

S11 of the single patch antenna. It is clear that the designed antenna at 28 GHz  with bandwidth 

of 0.637GHz satisfied the requirement level of -10dB in which it is less than -10 dB. Also, the 

VSWR of this antenna is less than 2 at a frequency of 28GHz as shown in Figure 5. Moreover, 

Figure 6 and Figure 7 illustrates the electric far-field pattern in 3-D and 1-D where the gain of 

this antenna about 7.02 dBi. Also, the angular width of the beam pattern is 165.6 deg. 

 

Figure 4: The reflection coefficient of the hexagon patch antenna 

 

Figure 5: The VSWR of the hexagon patch antenna 
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Figure 6: The 3-D  farfield of the hexagon patch antenna 

 

 

 

 

 

 

 

 

 

 

Figure 7: 1-D farfield of the hexagon patch antenna 

 

Figure 8  shows the s-parameter of the 1x2 hexagon patch antenna array where the 

antenna achieved -12dBi and a bandwidth of 0.554GHz . Also, this structure of patch antenna 

array provides VSWR =1.9 at 28GHz which is acceptable less than 2 as shown in Figure 9. 

Figure 10 and Figure 11 present the far-field pattern in 3-D and 1-D for the case of using 1x2 

patch array antenna. It is clear that the gain increased to 8.9dBi. Also, the angular width of the 

beam pattern decreased to 48.2 deg. 
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Figure 8: The reflection coefficient of the 1x2 hexagon patch antenna array 

 

 

Figure 9: The VSWR of the 1x2 hexagon patch antenna array 
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Figure 10: 2-D farfield of the 1x2 hexagon patch antenna array 

 

Figure 11: 1-D farfield of the 1x2 hexagon patch antenna array 

Figure 12  shows the s-parameter of the 1x4 hexagon patch antenna array where the 

antenna achieved -15dB and a bandwidth of 0.45GHz. Also, this structure of patch antenna array 

provides VSWR =1.45 at 28GHz which is acceptable less than 2 as shown in Figure 13. Figure 

14 and Figure 15 present the far-field pattern in 3-D and 1-D for the case of using 1x4 patch 

array antenna. It is clear that the gain increased to 12dBi. Also, the angular width of the beam 

pattern is 18.8 deg. 
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Figure 12: The reflection coefficient of the designed 1x4 hexagon patch antenna array 

 

Figure 13: The VSWR of the 1x4 hexagon patch antenna array 

 

 

 

 

Figure 14: 3-D farfield of the 1x4 hexagon patch antenna array 
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Figure 15: 1-D farfield of the 1x4 hexagon patch antenna array  

Discusion  

The summery of the results for all cases is presented in Table 1. It can be discussed as 

follows according to the performance metrics represented by the gain, VSWR, total efficiency, 

angular width and bandwidth. 

Gain 

An antenna's gain indicates its capacity to focus or steer radiation in a specific direction. 

In this instance, the 1x4 hexagon patch antenna array in the third configuration outperformed the 

others in terms of directional performance, achieving the maximum gain of 12 dBi. When 

compared to the single hexagon patch antenna in the first configuration, the 1x2 array in 

configuration two likewise displayed a notable gain enhancement, highlighting the advantages of 

array arrangements for improving antenna performance. 

VSWR 

The impedance matching between the transmission line and the antenna is measured by 

VSWR. Better impedance matching and less signal reflections are indicated by a lower VSWR 

value. The single hexagon patch antenna showed the lowest VSWR of 1.259 in this study, which  
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provides good impedance matching. Moreover, the second and third configurations of hexagon 

antenna array displayed marginally elevated VSWR values, that is a less optimal impedance 

match. 

Antenna Efficiency 

The radiation efficiency is a measure of the ability of the antenna to transform the input 

power into radiated power. High values of efficiency indicates better performance and fewer 

power loss. In this work, the third configuration of 1x4 patch antenna array had the highest 

efficiency of 85%, outperforming the other configurations.  

Angular Width 

 Angular width is the range of angular values over which the antenna's performance 

parameters—such as radiation pattern and gain—remain within allowable bounds. Greater 

omnidirectional performance and wider coverage are indicated by a bigger angular breadth. With 

an angular width of 165 degrees, the single patch antenna has the widest coverage compared with 

the other configurations. The 1x4 array patch antenna displayed the narrowest angular width of 

18.8 degrees, suggesting greater directional performance than the others, although the 1x2 array 

patch antenna showed a narrower angular width of 48.2 degrees. 

Bandwidth 

The range of frequencies that an antenna can maintain certain performance standards 

throughout is referred to as its bandwidth. The comparison showed that the 1x4 array in the third 

configuration had the narrowest bandwidth of 0.45 GHz, the 1x2 array in the second 

configuration had a bandwidth of 0.554 GHz, and the single hexagon patch antenna had the 

widest bandwidth of 0.637 GHz. In the second and third configurations, the way the antennas are 

arranged may naturally make the signal range narrower than the single patch antenna. Arrays can 

make the elements interact with each other, which can change how well electricity can flow and 

limit the frequencies that can be used. Also, the size and shape of the antenna parts are important 

for deciding how wide the antenna can receive and send signals. 
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Moreover, Table 1 shows the comparison of the proposed antennas with the existing 

results. Here the size of antenna, gain, VSWR, efficiency, angular width, and bandwidth are 

compared. It is clear that the proposed single patch antenna achieved a gain higher than the 

previous antenna with comparable size of antenna and efficiency but the bandwidth is much 

small. Also, the array antenna configuration increases the values of gain and the efficiency with 

the narrowest angular beam width. 

Table-1: The Summery and Comparison of the Results 

Antenna 

Configuration 

Size of 

Antenna 

(mm*mm) 

Gain of 

Antenna 

(dBi) 

VSWR Efficiency of 

Antenna (%) 

Angular 

width (deg) 

Bandwidth 

of Antenna 

(GHz) 

Ref.[6], 

antenna III  

7x7 6.59 1.08 82  2.62 

Ref.[7] 6.2x8.4 5.06 1.16 80.18 115.04 5.5 

Single Patch 

Antenna 

8x8 7.05 1.259 80 165.6 0.637 

1x2 Array 

Antenna 

10x16 8.9 1.9 80 48.2 0.554 

1x4 Array 

Antenna  

13x32 12 1.45 85 18.8 0.45 

Conclusion  

 The proposed hexagon patch antenna used as a single and multiple elements of antenna 

array that  operating at 28 GHz, that suggested band for 5G applications were investigated in this 

paper. The antenna was designed and simulated for all cases under study using CST. The 

performance of the designed antenna was evaluated in terms of efficiency, gain, angular width 

and return loss. By analyzing the results we inferred that the gain and directivity increases if the 

array elements increased. The performance characteristics for the array of hexagon topology 

patch antennas at 28 GHz demonstrate the trade-offs between bandwidth, angular coverage, 

efficiency, gain, and impedance matching. This research advances millimeter-wave 

communication technology by clarifying these trade-offs and facilitating the creation of 

customized antenna systems that can accommodate the wide range of needs of contemporary 

wireless communication applications in the 28 GHz frequency range. 
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 5G  اتحسين اداء تكنىلىجيلكيكاهيرتز  82سذاسي الشكل ومصفىفة هىائيات بتردد  رقعةهىائي 

 ساعى عضّض كاظى

 نعشاق، ابابم،   rasimazeez@uobabylon.edu.iq، بابم، خايعت تكنٌنٌخْا انًعهٌياثكهْت 
 الخلاصة

 يمذيت:

( إزذٍ انتمنْاث انسذّثت فِ يدال الاتصالاث انلاعهكْت. ّعتبش تصًْى انيٌائِ دًسًا زًٌّْا 5Gتمنْت اندْم انخايظ ) 

 .5G (28GHz)نتطبْماث  ت ايكانْت يلائًتويمتشذ ًدساع. فِ ىزا انبسث، تى عشض ىٌائِ 5Gفِ تمنْت 

 طشّمت انعًم:

خْدا ىشتض. ّتى تنفْز  82عنذ  يصفٌفت ىٌائْاث تعًمعذاعِ ًتكٌّن  سلعتفِ ىزا انبسث، ّتى عشض ىٌائِ   

 2×  2بسدى  انزُ ّغتخذو كعاصل ًطبمت اعاط نطبمت انًٌصم RT5880شًخشص انين يادة طبمت عذاعِ عهَ سلعت ىٌائِ 

يى 
8

يى16×10 بسدى  1x2، تى إنشاء يصفٌفت ىٌائِ بالاضافت انَ رنك. 
8
يى  32×13 بسدى  1x4 ًيصفٌفت ىٌائِ 

8
اعتناداً  

 انغذاعِ. عنصش انشلعتإنَ 

 اننتائح:

. ّتى فسصيا ين زْث يماّْظ الأداء انتِ تًثهيا نغبت انًٌخت CSTتنفْز ًيساكاة ثلاثت تكٌّناث باعتخذاو بشنايح تى 

(، ًانكغب، ًعشض اننطاق انتشددُ، ًانعشض انضاًُ، ًانكفاءة الإخًانْت. ٌّفش انتكٌّن الأًل VSWRانذائًت نهديذ )

%، ًعشض 81(، ًكفاءة لذسىا VSWR = 1.259دّغْبم يع يطابمت يماًيت يًتاصة ) 7نيٌائِ عذاعِ ًازذ كغبًا لذسه 

ّسمك سبسًا 1x2 خْدا ىشتض. انتكٌّن انثانِ نصفْف انيٌائِ انغذاعِ 0.637 دسخت، ًعشض نطاق لذسه  165.6صاًُ لذسه 

دسخت،  48.2%، ًعشض صاًُ لذسه 80(، ًكفاءة  تبهغ VSWR=1.9دّغْبم يع يطابمت يماًيت يًتاصة ) 8.9لذسه 

بم يع دّغْ  12 كغبًا لذسه1x4 خْدا ىشتض. ٌّضر انتكٌّن انثانث نصفْف انيٌائِ انغذاعِ  0.554ًعشض نطاق ّبهغ 

دسخت، ًعشض نطاق لذسه  82.2%، ًعشض صاًُ لذسه 85(، ًكفاءة لذسىا VSWR = 1.45يطابمت يماًيت يًتاصة )

 خْدا ىشتض.  0.45

 الاعتنتاج:

عهَ انكغب ًيطابمت انًعاًلت ًانكفاءة ًانتغطْت انضاًّت  ىٌائْاث  يصفٌفتاعتخذاو تغهظ اننتائح انضٌء عهَ تأثْش  

تمنْاث اتصالاث انًٌخاث  سغْنًين خلال تٌضْر ىزه انًعهًاث، ّغاىى ىزا انبسث فِ ت ًعشض اننطاق انتشددُ.

 خْدا ىشتض. 82انًهًْتشّت، يًا ّغيم تصًْى ىٌائْاث عانْت الأداء نًختهف تطبْماث الاتصالاث انلاعهكْت فِ نطاق انتشدد 

 .كْكاىْشتض 82, نطاق انًصفٌفت، ىٌائِ عذاعِ(، انًٌخت انًهًْتشّت، ىٌائِ 5Gاندْم انخايظ )   ت:ذاننانكهًاث ا
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