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A B S T R A C T  
 

 

A design of a wideband bidirectional pattern antenna, accomplished by the integration of a circular patch, 
crescents as parasitic elements, encompassed by a circular ring adjoining the ground plane, to operate 

over the mid-band 5G sub-6 GHz applications is reported. It is come up with a copper grazed on FR4 

substrate with relative permittivity of 4.3 and height of 1.6 mm. The proposed antenna is fed by a 50-
ohm coplanar waveguide, which is printed on the same side of the radiating circular patch. A concise 

antenna model with dimensions of 45 × 45 × 0.6 mm3 was made up and investigated to affirm the 

simulation outcomes. Good consistency was confirmed between experimental and simulation results. 
The proposed antenna has the benefit of bidirectional pattern with a good gain of 5.24 dBi and wide 

bandwidth covering of 111.4% (1.81-6.36 GHz) — it is one of good postulants for 5G new radiation 

application especially for indoor environment, narrow, and long path services area like corridor, tunnel, 
and train station, etc. 

doi: 10.5829/ije.2023.36.09c.13 
 

 

Graphical Abstract 

  
 

NOMENCLATURE 

w width of the substrate h thickness of the substrate 

l length of the substrate CR circular ring 

r1 radius of the circular patch CPW coplanar waveguide 

r2 radius of the enforced-radiation circular ring CWBPA compact wideband bidirectional pattern antenna 

rm radius of the crescent  DGS defected ground structure 

g2 gap between the radiating circular patch and crescent FBW fractional bandwidth 

s space between the crescent and ground plane GND ground plane 

t thickness of copper layer IBW impedance bandwidth 

lf length of feeding strip RCP radiating circular patch 

wf width of feeding strip RLBW return loss bandwidth 

lg length of ground plane NR new radio 

g gap between feed line and ground plane UWB ultra-wideband 
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1. INTRODUCTION 
 
With the swift enlargement of fifth generation (5G) and 

beyond wireless networks and exploitation of higher data 

transmission rates, increasing provocations have been 

resulted in advocate a large scale of ultramodern utility 

frameworks and utilizations with high reliability, low 

latency, lately [1, 2]. One of the 5G plans is to employ 

the sub-6 GHz band — n34(2010–2025 MHz), n38 

(2570–2620 MHz), n40 (2300–2400 MHz), n41 (2496–

2690 MHz), n46 (5150–5925 MHz), n77 (3300–4200 

MHz), n79 (4400–5000 MHz), etc. — which, also 

covered mid-band of 5G (2 to 6 GHz), leading high data 

rates, huge capacity as well as good coverage from the 

essential number of available spectrums [3, 4]. Modern 

wireless communications stretch out to new standard 

applications, algorithms, propagation techniques [5, 6], 

vigorous hardware defiance as well as the relevant 

antenna design [7-10] fulfilling human needs. As the 

performance of the antenna results considerable 

influence on the accomplishment of the plenary 

communication systems. Lately, research on 5G antenna 

is very attractive and has been a continuing process [11-

13]. For literal applications, the extensively utilized 

compact size and broadband antennas are more delightful 

[14-20]. Since, wideband antennas are a good 

advancement in the 5G new radiation (NR) applications 

and upcoming generations of wireless communication 

systems, as it would handle at widen frequency extend 

accordingly receding the use of miscellaneous antennas 

in a single device shrinking the mutual coupling and 

intervention in the system as well as economizing 

financial plan.  

Massive wideband antennas were conducted and 

developed continuously over the past decade with 

multitudinous techniques [21-25]. To improve the 

impedance bandwidth (IBW), different shapes of main 

radiator had been modified as well as the ground plane 

(GND) structures [14, 18, 25]. Ghobadi, and Majidzadeh 

[14] presented the ultra-wideband (UWB) antenna that 

printed on FR4 substrate and operated over 2.9-16 GHz 

by applying a semi-circle-shaped-slot cutting from the 

GND to improve IBW. A microstrip-fed printed 

monopole antenna for super wide band antenna was 

introduced by Balani et al. [18] to obtain wide bandwidth, 

the main radiating patch had been modified by adjoining 

a pair of ears at the upper part of the radiator as well as 

modifying its partial GND, making its geometry 

complexity. With super wide IBW, the stabilized 

radiation properties with less distortion mainly at higher 

frequency could not avoid. Koma’rudin et al. [25] 

presented the staircase-shaped steps adding to the bottom 

section of the main radiator patch to ameliorate the IBW; 

however, the antenna geometry was more complicated 

gathering with the multi-layers structure. Varamini et al. 

[16] and Wang et al. [22] presented metasurface 

techniques to make the widen bandwidth and antenna 

gain. Even though the planar scales of metasurface 

antennas are normally bulky, stint its utilization. 

Asmeida et al. [23] introduced the combination of adding 

different shapes of slot on the radiator and defected 

ground structure (DGS) to improve the IBW of 74.6% as 

well as preserve the polarity bandwidth. In addition, 

others possible techniques for refining the bandwidth of 

the antenna were implemented — the complexity of 

fractal structure [16, 21, 24], adding slots [17, 19], the 

stubs and addition elements of modified radiators [18, 20, 

23], and parasitic loading [4, 15, 24], so on. Others in 

demand method to grant an expedient matching tuning 

mechanism by using balun and coupled feed was realized 

by Ta et al. [7] and Asmeida et al. [23]. Notwithstanding, 

the compactness and wideband coverage antenna for the 

5G NR and upcoming generation wireless terminal 

stands still demand in taking steps forward the 

proportions and radiation properties to be stable. 

This article, a study and design of a compact 

wideband bidirectional pattern antenna (CWBPA) for 

mid-band of 5G applications operated frequency ranging 

from 2 to 6 GHz which included the sub-6 GHz is 

proffered. The profit of this presented antenna is that the 

concise size, facile fabric, and bidirectional pattern 

operating over wide bandwidth. With these advantages, 

thereby, the proposed antenna is one of good selectness 

for 5G application—installing as the antenna at the base 

station especially along the narrow and long path service 

propagation areas like corridor, tunnel, train station and 

so on. The resultant of the supplemented elements of 

antenna fabrication will be analyzed and evaluated. In the 

study, the pivotal preliminary parameters are reckoned by 

using the formulas in section 2. From those parameters, 

simulation was kept on operated by CST microwave 

studio [26] to numerically discover the final set of 

parameters. Numerical and substantiation results are 

revealed thoroughly. 

 

 

2. THE RATIONALE OF ANTENNA DESIGN 

 

This section narrates the construction of the evolved 

antenna and the reasoning to the rear of using a pair of 

crescents in the design. In the design process, the 

coplanar waveguide (CPW) fed circular patch (Ant #1) 

was considered in the beginning. It comprised of a 

radiating circular patch (RCP) of radius r1 printed on top 

of an FR4 substrate of the width w (a value 45 mm), the 

substrate length l (a value 45 mm) and fed by a 50-Ω 

CPW of GND length lg, fed line width wf, fed line length 

lf and gap between feed line and GND g as shown in 

Figure 1(a). The Ant #1 provided an omnidirectional 

pattern with wide IBW (3.08-10 GHz) as depicted in 

Figures 2 (a) and 3. Subsequently, Ant #2 was formed by 

adding a circular ring (CR) of radius r2 extending the 
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GND, as shown in Figure 1(b), to impose the radiation 

pattern propagating in forward and backward directions 

as plotted in Figure 2(b). An unintentional sake of this 

CR was that it also leashed the 10 dB return loss 

bandwidth (RLBW) to be widened (covered 1.8 to 9 

GHz) and tended to be dual band since the |S11| around 

4.8 GHz was worsened as shown in Figure 3. At this 

stage, a 10 dB RLBW covering the interested frequency 

band ranging from 2 to 6 GHz was uncompleted. The 

final stage of completing the CWBPA, a pair of crescents 

of radius rm was gathered in the structure as parasitic 

elements beside the RCP with the gap g2 of 1 mm as 

shown in Figure 1(c). Consequently, the 10 dB RLBW 

over the interested frequency band as well as the 

bidirectional pattern was achieved as shown in Figures 

2(c) and 3. 
 
 

  
(a) 

 
(b) 

 
(c) 

Figure 1. The structure of the developed antenna: (a) Ant #1 

(b) Ant #2 and (c) proposed antenna 

  
(a) (b) 

 
(c) 

Figure 2. 3D radiation pattern of: (a) Ant #1 (b) Ant #2 and 

(c) proposed antenna 

 

 

 
Figure 3. Comparing |S11| among three antennas 

 

 

Based on the ensuing formulas, the initial parameters of 

the presented antenna are calculated and assigned [27].  

1/2
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(1) 

where, F is a function of resonant frequency for the 

dominant mode of TE11 as shown in Equation (2) 

98.791 10

r r

F
f 


=  (2) 

r is referred to the design radius of the RCP of r1 and an 

CR of radius r2; r  is the relative permittivity of the FR4 

substrate of 4.3; h is the thickness of the substate of 0.16 
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cm. Note that the unit of h in Equation (1) is in cm. fr is a 

resonant frequency—the radius of RCP of r1 is designed 

to resonate 4 GHz while the radius of CR of r2 is designed 

for fr of 2 GHz. Considering the fringing effect in the 

above formulas, the initial r1 of 10 mm and r2 of 21 mm 

are come by, respectively. For the strip line of 50-Ω 

impedance matching, the width wf and length lf of feed 

line are computed by Equations (3)-(5) [27]: 
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where 2 160 ( )o rB Z  −=  and Z0 is the characteristic 

impedance of 50 Ω. 

4f effl  =  (4) 

where reff  is the effective dielectric constant of the 

substrate. 
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For the gap g between feed line and GND of CPW, it is 

related the 50-ohm impedance Z0 in Equation (6) [28]: 

0 30 ( ) ( )effK k K kZ  =  (6) 

where K(k) and ( )K k  are the complete elliptic integral 

of the first kind  

2

2 2
0

0 1

( ) ,
01 sin

2

k
d

K k
k







  


= 
 −



  (7) 

2'( ) ( ') 1K k K k k= = −  (8) 

where the ratio of K(k)/ ( )K k  and k is defined as follows: 

, 0 0.707
( ) ln[2(1 ') / (1 ')]

'( ) 1
ln[2(1 ) / (1 )], 0.707 1

k
K k k k

K k
k k k






 

+ −
= 
 + −  


 (9) 

and 

(2 )f fw g wk +=  (10) 

As the results, the wf of 3 mm, lf of 10 mm and g of 0.45 

mm are assigned throughout the report. Note that the 

length of GND below the RCP of lg is 9 mm. 

Moreover, the radius rm of the crescent beside the 

RCP is as initially calculated by Equation (11) [29]: 

72

2.25

m
m
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−
=  (11) 

where fm is the design frequency (the unit of fm in 

Equation (11) is in GHz), and s is the spacing between 

the crescent and GND (the value of 1 mm) and the unit 

of rm is in mm.—this work the radius rm is designed at the 

frequency of 4.8 GHz, therefore, the initial rm is 6 mm. 
All satisfactory parameters are acquired using the 

CST simulation and sorted in Table 1. To confirm the 
simulation outcome, a prototype of CWBPA is made up 
following the designed dimensions in Table 1 as shown 
in Figure 4. The CWBPA prototype is soldered to a 50-
ohm SMA connector for extending to a coaxial feed line. 
The |S11|, 2D radiation patterns and antenna gain of the 
presented CWBPA are evaluated and demonstrated by 
using E5063A network analyzer. 

 
 
3. RESULTS AND DISCUSSION 
 

The simulation and measured results of the proposed 

CWBPA are exposed in this section. In the simulation 

process, the SMA connector excludes the antenna model 

to focus on only antenna properties. However, the 

antenna model with SMA is considered in the final stage. 

From the developed CWBPA by adding a pair of 

crescents in the previous section, the radius rm, gap 

between patch g2 and the spacing s are demonstrated.  

 
 
TABLE 1. Selected best values for parameters of the CWBPA 

Parameter Value (mm) Parameter Value (mm) 

w 45 t 0.035 

l 45 lf 10 

r1 10 wf 3 

r2 21 lg 9 

rm 5 g 0.45 

g2 1 h 1.6 

s 1   

 

 

  
(a) (b) 

Figure 4. CWBPA prototype: (a) front view, (b) rear view 
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The effect of rm on |S11| is considered by varying rm 3 to 

7 mm as plotted in Figure 5. Noticeably, the larger radius, 

as the narrower 10 dB RLBW is attained. For the 

compelling frequency band ranging from 2 to 6 GHz for 

mid-band 5G, the smaller rm offers the |S11| worsened 

around 4.8 GHz, while the rm of 6 and 7 mm cannot offer 

the 10 dB return loss over the considering band. This 

work, the radius rm of 5 mm is selected because it proffers 

a good |S11| over the considering frequency band.  

Moreover, the varying gab g2 between the crescent 

and the RCP of values 0, 1 and 2 mm is also studied on 

its effect to the |S11| as shown in Figure 6. Obviously, the 

|S11| is worsened when the crescent adjoins the RCP (g2= 

0) — it provides the narrow RLBW covering 1.7 to 2.54 

GHz and 4.43 to 5.05 GHz. The larger gab g2 yields the 

wider 10 dB RLBW — for the g2 of 1, and 2 mm, it covers 

the frequency ranging from 1.71 to 6.38 GHz, and 1.72 

to 6.43 GHz, respectively. Nonetheless, focusing on the 

interesting frequency band (2 to 6 GHz), g2 of 1 mm 

furnishes the overall trend of |S11| better than the value 2 

mm since g2 of 2 mm offers the |S11| near the value -10 

dB at 4.5 GHz. For that reason, the g2 of 1 mm is selected. 

Additionally, the influence of the space between the 

crescent and GND, s, is also considered by varying the 

spacing s of 1, 3 and 6 mm as depicted in Figure 7. The 

further the spacing s as the wider 10 dB RLBW is 

achieved, contrast to the worsen |S11| occurrence around 

4.5 GHz. Among these three different values, the spacing 

s of 1 mm impacts on the excellent |S11| over the 

interesting frequency band. Accordingly, the spacing s of 

1 mm is chosen. Therefore, the CWBPA is achieved with 

the 10 dB RLBW of 1.71–6.38 GHz. At the final stage of 

the design, for the interested band (2 to 6 GHz), the 

proposed CWBPA comes up with the total efficiency of 

more than 81.7%, the minimum and maximum simulated 

gains of 2.63 dBi and 5.55 dBi and minimum and 

maximum measured gains of 2.33 dBi and 5.24 dBi, 

respectively as shown in Figure 8. 
To affirm the simulation, the experimental process of 

testing |S11| and radiation pattern of the developed  
 
 

 
Figure 5. |S11| for various rm 

 
Figure 6. |S11| for various g2 

 

 

 
Figure 7. |S11| for various s 

 

 

 
Figure 8. Gain and efficiency of the developed CWBPA 

 

 

CWBPA is set up. Figure 9 exhibits the numerical and 

experimental |S11| for various frequency ranging from 1 

GHz to 10 GHz. Visibly, the measured |S11| are 

reasonably in nice agreement the simulation results 

covering the 10 dB RLBW over the mid-band of 5G 

applications — the measured |S11| is 1.81–6.36 GHz 

covered the fractional bandwidth (FBW) of 111.4% and 
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the simulation is 1.55–6.01 GHz covered the FBW of 

118%. Note that the simulation in Figure 9 includes the 

SMA connector where with it is like the actual ambient 

that the antenna is connected to the cable via SMA 

connector. 

Besides the impedance characteristics, the 2D 

radiation pattern in xz- and yz-planes at the frequencies of 

2, 4 and 6 GHz is also examined as demonstrated in 

Figures 10-12. Evidently, the tested radiation patterns 

follow the common trend and acceptable agreement with 

the simulated results and the values do not deviate much 

from each other. The deviation is likely to be from a 

minor difference in the numerical and experimental 

setup. This proposed CWBPA yields a bidirectional 

pattern, linear polarization, peak simulated gains of 

2.63/3.89/5.46 dBi and tested gains of 2.33/3.94/5.05 dBi 

at the operating frequencies of 2/4/6 GHz, respectively. 

In addition, the simulated and measured HPBWs in xz-

plane are 162.6/104.3/65.2 degree and 157/88/48 degree, 

respectively. For yz-plane, the simulated and measured 

results are 84.4/73.3/53.4 degree and 86/62/56 degree, 

respectively. Note that the level of cross-polarization in 

xz-plane is less than −20 dB for all intended frequency 

ranges, while the high level of cross-polarization in yz-

plane is achieved at a frequency higher than 4 GHz.  

Over and above, the performance of the proposed 

CWBPA was bearded comparison with current compact, 
 

 

 
Figure 9. Simulated and measured |S11| 

 

 

 
(a) (b) 

Figure 10. Radiation pattern at 2 GHz: (a) xz-plane and (b) 

yz-plane 

 
(a) (b) 

Figure 11. Radiation pattern at 4 GHz: (a) xz-plane and (b) 

yz-plane 

 

 

 
(a) (b) 

Figure 12. Radiation pattern at 6 GHz: (a) xz-plane and (b) 

yz-plane 

 

 

wideband and 5G antennas published between 2017 to 

2023 as tabulated in Table 2. The antenna implemented 

by Paul et al. [4] using RT5880, larger dimension 

offering an omnidirectional pattern with lower gain 

covering the narrower bandwidth was proposed. The 

geometry of the antenna was uncomplicated. The antenna 

dimensions reported in literature [7, 12-13, 25] had a 

larger size, more complexity, provided unidirectional 

pattern covering narrower bandwidth. Ta et al. [7] and 

Saleh et al. [13] offered a higher gain, while Cai et al. 

[12] offered a lower gain compared to this work. The 

antenna offered by Koma’rudin et al. [25] fainty higher 

gain. The antenna implemented by Samsuzzaman and 

Tariqul Islam [17] using FR4 substrate, approximately 

the same electric proportions offering a bidirectional 

pattern with faintly lower gain, but it operated covering 

widen bandwidth. Additionally, Yazdani et al. [10] 

proposed the array arrangement antenna implemented by 

different material, larger size, provided the stable 

bidirectional pattern covering three different bands, 

narrower bandwidth, and higher gains in the second and 

the third bands. Another work, the smaller proportions 

antenna, implemented by the same material, more 

complicated structure, provided a bidirectional pattern 

with lower gain covering a narrower bandwidth was 

presented by Sonu et al. [20]. Asmeida et al. [23] 

implemented an omnidirectional pattern using different  
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TABLE 2. Comparison between previous studies and this current research 

Ref. Size () Sub. Patt. FBW (%) Gain (dBi) Com. 

[4] 0.36×0.36×0.01 RT 5880 Omni 44.5 3.51 L 

[7] n/a×0.87×0.02 RT 5880 Uni 36.2 5.8 M 

[10] 0.31×0.28×0.002 RO 4003 Bi 9.5/21.9/12.2 1/6/10 L 

[12] 1.65×0.83×0.08 FR4 Uni 35.3 3.5 H 

[13] 1.07×1.07×0.61 RT 5880 Uni 21.4 12.7 H 

[17] 0.29×0.29×0.01 FR4 Bi 126.85 4.85 L 

[20] 0.20×0.22×0.01 FR4 Bi 61.1 3.5 M 

[23] 0.28×0.35×0.08 RT 5880 Omni 74.6 3.6 L 

[25] 0.66×0.76×0.01 Felt Uni 79.8 5.51 M 

This work 0.27×0.27×0.01 FR4 Bi 111.4 5.24 L 

 

 

material with a slightly larger dimension, proffered a 

narrower bandwidth and lower gain than this proposed 

CWBPA. With a simple fabric, concise proportions, 

bidirectional pattern covered wideband transition sub-6 

GHz 5G NR; thereby, this proposed CWBPA is one of 

the good candidates for 5G NR applications. 

 means a free-space wavelength at the lowest 

operated frequency; abbreviations: n/a (not applicable), 

Sub. (substrate of material), Patt. (pattern), Uni 

(unidirectional). Omni (omnidirectional), Bi 

(bidirectional), Com. (complexity), L (low), M 

(medium), H (high). 

In this work, a single antenna has been studied, 

designed, analyzed, and illustrated its effecting in the 

basic antenna theory and tested in the laboratory. The 10 

dB return loss, radiation pattern and gain of the single 

antenna have been evaluated. Nevertheless, it conveys 

some significant concepts for the antenna design and 

application. 

 

 

4. CONCLUSION 
 

A design of a CWBPA, contrived by the circular patch, 

circumscribed in the circular ring, incorporated with the 

parasitic elements beside the radiating patch, covering 

the sub-6 GHz 5G NR frequency band has been reported. 

It is printed on the top side of FR4 substrate, fed by 50-

ohm CPW, and adjoined to the coaxial line via SMA 

connector. The key role of ameliorating the 10 dB return 

loss bandwidth of the presented antenna is that the pair of 

parasitic crescents as disclosed. This CWBPA yields the 

corresponding FBW of 111.4% (1.81–6.36 GHz) 

covering the mid-band 5G application, linearly polarized, 

peak gain of 5.24 dBi and the total efficiency of more 

than 81.7%. The experimental |S11|, 2D radiation pattern 

and gain insist nifty the simulation results. With the 

compactness proportions, an effortless structure, 

bidirectional pattern accompanied by wideband 

operation frequency and high gain, this proposed antenna 

is one of good potential candidates for subbase station 

antenna to service at indoor environment, the long and 

narrow path areas like troll, train station, tunnel, sky train 

stations, etc. 
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Persian Abstract 

 چکیده 
  ی کار بر   ی برا  ین،مجاور سطح زم  اییرهحلقه دا  یکشده توسط  احاطه   ی،عنوان عناصر انگلها بههلال  ای،یره پچ دا  یکدو طرفه باند پهن، که با ادغام    یآنتن الگو  یک  یطراح

ساخته شده است. آنتن  و طراحیمتر  یلیم 1.6و ارتفاع  4.3 ینسب یبا گذرده FR4بستر   یکه بر رو ی. با مسشودیانجام م یگاهرتز،گ 6 یرز 5Gباند متوسط  یهابرنامه یرو

  متر یلی م 0.6×  45×  45مدل آنتن مختصر با ابعاد  یکچاپ شده است.   یتابش یا یرهشود که در همان سمت وصله دا یم یهاهم تغذ 50بر همسطح  موج یک توسط  یشنهادیپ

دوطرفه با  یالگو یایاز مزا یشنهادیشد. آنتن پ ییدتا یساز یهو شب یتجرب یجنتا  ینخوب ب ی قرار گرفت. سازگار رسی مورد بر سازییهشب  یجنتا ییدتأ یمکعب ساخته شد و برا

  یژه به و  5G  یدکاربرد تابش جد  یخوب برا  یشنهادهایاز پ   یکی   ینا   -( برخوردار است  گیگاهرتز  6.36-1.81)  ٪111.4باند گسترده    یو پوشش پهنا  dBi  5.24بهره خوب  

 . یرهقطار و غ یستگاهمانند راهرو، تونل و ا یراست. منطقه خدمات مس یو طولان یکبار ی،داخل حیطم یبرا

 

 


