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Abstract: This research provides a comprehensive investigation of a Coplanar Waveguide-fed antenna with a secondary parasitic patch 

for diverse multiband wireless applications. The proposed design consists of four sequential phases that emphasize operational frequency 

reduction while maintaining a constant overall size. The structure proposed is modelled on a flame retardant (FR4) substrate with an 

optimised compact dimension of 35 mm × 25 mm. The radiating structure is a simple rectangular patch; a parasitic element is added 

above it, and changes in ground lead to an improvement in the impedance bandwidth. The proposed configuration resonates for triband; 

the lower band resonance is tuned by optimizing the slot in the parasitic element; Mutual coupling of the radiating patch and parasitic 

elements generates the second resonance; and the final resonance is due to a strip in the parasitic patch. This antenna operates at tri-band 

frequencies (2.45, 3.5, and 5.7 GHz) with fractional bandwidths of 10.5%, 41.7%, and 15.9%, and it can be used for sub-6 GHz 5G, 

3.5/5.5 GHz WiMAX, and 2.4/5.2/5.5 GHz WLAN applications, respectively. The antenna has been fabricated, and the prototype's 

reflection coefficient has been validated with simulated results. The structure also offers positive gain, good impedance, and efficiency 

above 85% over operating frequencies.. 

Keywords: Antenna, CPW, INSAT, WiMAX, WLAN. 

 

1. Introduction  

Due to progress in wireless communication, multiband antennas 

are gaining popularity due to the increased necessity for multi-

functionality and enhanced data rates. Printed antennas are a 

promising area for achieving multiband functioning in diverse 

wireless applications [1]. The small size of modern technological 

products necessitates antenna miniaturization and cheap 

manufacturing costs [2]. Due to the substrate material being 

single-sided, it is easily compatible with other microwave devices 

[3–6]. Coplanar waveguides (CPW) are highly regarded. 

Multiband antennas are an improvement in contemporary 

multifunctional wireless communication systems since they 

resonate at various frequencies, minimizing the need for several 

antennas element in a communication device. The compact 

design of multiple resonant antennas is a difficult task that has 

created opportunities for many researchers to explore a wide 

range of potential solutions. Stimulating the antenna with 

multiple feeds, such as microstrip and coaxial probes [7–9], is 

one of the most frequent multiband approaches. Changing ground 

and patch geometry, including slots or splits in the ground plane 

[10] and an extensive ground plane with diverse shapes, such as a 

circle, rectangle, or square [11], is another method for achieving 

multiband operation. [12] suggests a slot antenna with a 

meandering design for multiband band operations. A closely 

coupled element configuration is too complex for actual 

engineering applications to be commercially feasible. In [13], a 

monopole microstrip patch antenna with two stepped slots is used 

to achieve multiband resonance with a dimension of 30 mm × 34 

mm. [14] describes a triband monopole antenna that employs two 

rectangular split-ring resonators in the ground to resonate for dual 

bands frequencies. A dielectric resonator-based novel design is 

presented in [15] for WiMAX and WLAN applications, which is 

not feasible to implement for all applications. 

This research presents a CPW (coplanar waveguide) antenna and 

its comprehensive analysis on three resonance band frequencies. 

The proposed structure is based on a cheap and readily accessible 

FR4 substrate. The four sequential stages of the design process 

for the proposed antenna, which justify the 80% frequency-based 

downsizing and multi-band functioning of a single element, are 

presented. The simulations are performed using the Ansys 

Electronic Desktop software application. Over the operational 

frequencies, a good bandwidth of 250 MHz (2.26–2.51 GHz), 

1570 MHz (2.98–4.55 GHz), and 910 MHz (5.24–6.15 GHz) is 

attained. 
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Fig. 1. Antenna Geometry 

2. Antenna Design 

Figure 1 illustrates the proposed antenna's construction geometry. 

This is printed on a 1,6 mm thick FR4 substrate. The antenna has 

a feed width of 3 mm and is designed for 50 Ω input impedance. 

To create the capacitive coupling effect, a rectangular parasitic 

patch with slots and strips is introduced above the conductor. Due 

to this design procedure, we have observed multiband resonance. 

The proposed model has a smaller size of 35 mm × 25 mm and 

covers the lower band (2.26-2.51 GHz), the middle band (2.98-

4.55 GHz), and the higher band (5.24-6.15 GHz). The proposed 

structure’s parameter and dimensions is tabulated in Table 1. 

Table 1. Antenna parameter and dimensions. 

Parameter 
Dimensions 

(mm) 
Parameter 

Dimensions 

(mm) 
Parameter 

Dimensions 

(mm) 

L 35 L3 21.9 W1 10.7 

W 25 L4 8.9 W2 3 

L1 17.6 L5 4 W3 2.3 

L2 3 a2 5 W4 13 

W5 2 fg 0.3 G1 0.2 

 

 

    
Antenna1 Antenna2 Antenna3 Antenna4 

Fig.2 Antenna’s design evolution. 

 

The proposed antenna's design progression begins with a four-

sided radiating patch (Antenna1) that operates at 5.7 GHz. 

Throughout the entire evolution process, antenna length and 

width remain unchanged, while changes are introduced in the 

ground and radiating patch. In step two (Antenna2), we can 

notice changes in the ground structure and radiating patch. 

Because of the changes, the structure resonates for dual bands, 

but the lower band has less resonance. In step three, a slot is 

created in the radiating patch, enables multi frequency band 

resonance with a lower impedance bandwidth. In the third step, a 

slot in the radiating patch is introduced, which enables multiband 

resonance with a lesser bandwidth. In the final step, a secondary 

parasitic patch with a slot and strip improves the impedance band 

for all three resonance bands, which operates over WLAN, Sub 6 

GHz 5G and WiMAX applications. So based on the optimization 

in the evolution process, antenna4 has good impedance matching.  

 

Fig.3. Reflection coefficient comparison of different Antenna 

3. Parametric Study 

Optimization of different antenna parameters is analysed using 

ANSYS HFSS simulation software. Two antenna parameters that 

have an elevated effect on reflection coefficients are fd (gap 

between the radiating elements) and a2 (length of the strip). With 

a 1 mm scale, the gap between the radiating elements (fd) is 

varied between 0.2 mm and 0.9 mm. The changes in fd affect the 

antenna reflection coefficients at all three resonance 

frequencies. The middle and last resonance frequency bands shift 

towards the higher frequency band as the gap increases.  

 
Fig. 4. S11 Comparison for fg and a2 parameter 

Figure 4[a] illustrate the comparison of the S11 parameter for 

diverse values of fd. For the parameter value of 0.3 mm, the 

antenna resonance frequency exhibits good impedance matching 

in all three frequency bands. Similarly, the strip length (a2) is 

altered from 3.5 mm to 5.5 mm with a scaling of 0.5 mm. The 

 

Figure 3. Reflection coefficient comparison of different Antenna.  

  

                                    [a]                                                                       [b] 

Figure 4 S11 Comparison for fg and a2 parameter 
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parameter a2 effect on the antenna S11 characteristics is illustrated 

in the figure 4[b]. Varying the length of the strip shows there is 

enhancement in the S11 value in the first and second bands, but 

the third band misses on 5 GHz WiMAX and WLAN 

applications. For the proposed antenna, the strip length is selected 

as 5 mm because it covers the necessary application bands. 

 

 

Fig. 5. Fabricated antenna prototype 

 

Fig. 6. Reflection Coefficient Measurement 

4. Result and Discussion: 

The proposed antenna design (Figure 1) is created and its 

characteristics are assessed. The prototype's return loss (|S11| dB) 

is obtained using an Agilent VNA (NA9901). The designed 

antenna-fabricated structure is depicted in Figure 5. Figure 6 

illustrates the prototype's measured return loss (|S11| dB). The 

graph demonstrates that the simulated operating frequencies 

range from 2.26 to 2.51 GHz, 2.98 to 4.55 GHz, and 5.24 to 6.15 

GHz, whereas the measured operating frequencies range from 

2.26 to 2.51 GHz and 2.98 to 6.15 GHz. The measured and 

simulated results agree, that the antenna's bandwidth is adequate 

for WLAN, WiMAX, sub-6 GHz 5G, and INSAT applications. 

Peak gain is stated to be positive for operating frequencies of 2.5 

GHz, 3.4 GHz, and 5.7 GHz. 

 
Fig. 7. Antenna Impedance 

Figure 7 shows the variance in imaginary and real impedance 

numbers at the three operating frequencies. At 2.45 GHz, the 

observed 50 Ohm impedance of the antenna is 48.19 Ohm, at 3.5 

GHz, it is 47.71 Ohm, and at 5.7 GHz, it is 48.06 Ohm. At all 

three resonant frequencies, it is observed that zero is the 

imaginary value. Figure 8 depicts the proposed antenna’s 

radiation efficiency across its complete operational bandwidth. 

The observed efficiency is 86.21% at 2.45 GHz, the lower 

operating band. For the 3.5 GHz middle band, the efficiency is 

91%, and for the higher operating band, 5.7 GHz, it is 85.49%. 

 

Fig. 8. Proposed antenna Efficiency 

Figure 9 depicts the extraction of the antenna's current 

distribution over operational frequencies. From the concentration 

it is clear from the existing current distribution that the antenna 

resonance in the lower band is due to the creation of a slot in the 

parasitic element. Similarly, for middle-band resonance, mutual 

inductance between the radiating element and parasitic patch is 

observed. For the higher band resonance, the parasitic patch's 

strip has a higher current concentration. Due to these three 

techniques, the triband resonance of the antenna is achieved. 

 

 

 

 
Fig. 9. Current distribution at 2.5 GHz, 3.4 GHz and 5.7 GHz. 
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The proposed antenna 3D radiation pattern is shown in figure 10, 

which demonstrates its bidirectional and omnidirectional nature 

in the lower band. The 3D radiation pattern of the proposed 

structure for the middle and higher bands has disturbances due to 

the position of the resonator. The literature review comparing the 

suggested concept to existing designs [11–15] is presented in 

Table 2. 

Table 2 Literature comparison 

Ref. 
Dimensions 

(mm) 

Frequency 

(GHz) 

Peak Gain 

(dBi) 
Applications 

[11] 80 mm × 80 mm 
1.56, 2.49, 3.5, 

5.24 
3.49 IRNSS, 5G, WLAN 

[12] 45 mm × 40 mm 2.4, 5.5, 28 1.95, 3.76,7.35 4G, 5G 

[13] 30 mm × 34 mm 2.17,3.52,5.25 -1.0,1.0,3.50 UMTS,WiMAX,WLAN 

[14] 28 mm × 32 mm 2.45,3.50,5.70 3.95,4.25,1.95 WiMAX,WLAN 

[15] 50 mm × 50 mm 2.45,3.42,5.13 3.29,3.37,4.16 WiMAX,WLAN 

Prop. 35 mm × 25 mm 2.45,3.5,5.7 0.75,1.53,1.94 WiMAX,WLAN, 5G 

 

 

 
Fig. 10. 3D radiation pattern at 2.5 GHz, 3.4 GHz and 5.7 GHz. 

 

 

5. Conclusion 

A novel and small Coplanar Waveguide fed multiband design 

with a secondary parasitic patch for diverse wireless applications 

is presented. By loading slots and strips into a parasitic element, 

bandwidth enhancement and impedance matching were 

accomplished. It shows antenna operation at tri-band frequencies 

(2.45, 3.5, and 5.7 GHz) with fractional bandwidths of 10.5%, 

41.7%, and 15.9%; it can be used for WLAN, sub-6 GHz 5G and 

WiMAX applications, respectively. The proposed antenna 

characteristics are analysed, and they show good characteristics 

over operating frequencies. 

Reference 

[1] Venkatesan Rajeshkumar, Rajkumar Rengasamy, Praveen 

Vummadisetty Naidu, Arvind Kumar, “A compact meta-

atom loaded asymmetric coplanar strip-fed monopole 

antenna for multiband operation”, AEU - International 

Journal of Electronics and Communications, Volume 98, 

Pages 241-247, 2019.  

[2] Rajib Kumar Dash, Puspendu Bikash Saha, and Dibyendu 

Ghoshal, "Slotted Patch Based Multiband Antenna with 

Multiple DGS Effect to Suppress Cross Polarized 

Radiation," Progress In Electromagnetics Research C, Vol. 

120, 179-193, 2022. 

[3] Gopal G., Thangakalai A, “Cross dipole antenna for 4G and 

sub-6 GHz 5G base station applications”, Applied 

Computational Electromagnetics Society Journal, 35 (1), pp. 

16 – 22, 2020. 

[4] Ali T, AW M. S., Biradar RC, Andújar A, Anguera J. A 

miniaturized slotted ground structure UWB antenna for 

multiband applications. Microwave Opt Technol Lett 

2018;60(8):2060–8. 

[5] Rajkumar R., Brijesh K.K., Satheesh Kumar M., Sadeesh R., 

Shantaram J., Srikanth T.S, “A Compact Single-fed 

Multiband Antenna for Telematics Control Unit 

Applications” , Proceedings of the 2023 2nd International 

Conference on Electronics and Renewable Systems, pp. 473 

– 477,ICEARS 2023. 

[6] Verma, R.K. Design, Analysis and Fabrication of Compact 

and T-Shape Notches Loaded Dual Band Rectangular 

Microstrip Patch Antenna for GPS/WLAN/WiMAX 

Applications. Wireless Pers Commun 132, 505–522 (2023). 

https://doi.org/10.1007/s11277-023-10620-z. 

[7] K. Sultan, M. Ikram and N. Nguyen-Trong, "A Multiband 

Multibeam Antenna for Sub-6 GHz and mm-Wave 5G 

Applications," in IEEE Antennas and Wireless Propagation 

Letters, vol. 21, no. 6, pp. 1278-1282, June 2022. 

[8] Wu RZ, Wang P, Zheng Q, Li RP. Compact CPW-fed triple-

band antenna for diversity applications. Electron Lett 

2015;51(10):735–6. 

[9] H. Li, J. Du, X. -X. Yang and S. Gao, "Low-Profile All-

Textile Multiband Microstrip Circular Patch Antenna for 

WBAN Applications," in IEEE Antennas and Wireless 

Propagation Letters, vol. 21, no. 4, pp. 779-783, April 2022. 

[10] Bakariya PS, Dwari S, Sarkar M, Mandal MK. Proximity-

coupled multiband microstrip antenna for wireless 

applications. IEEE Antennas Wirel Propag Lett 

2015;14:646–9. 

[11] Devendra H. Patel, and Gautam Durlabhji Makwana, 

"Multiband Antenna for GPS, IRNSS, Sub-6 GHz 5G and 

WLAN Applications," Progress In Electromagnetics 

Research M, Vol. 116, 53-63, 2023. 



International Journal of Intelligent Systems and Applications in Engineering                                     IJISAE, 2023, 11(11s), 230–234 |  234 

[12] Yassin, M.E., Mohamed, H.A., Abdallah, E.A.F. and El-

Hennawy, H.S. (2019), Single-fed 4G/5G multiband 

2.4/5.5/28 GHz antenna. IET Microw. Antennas Propag., 13: 

286-290. https://doi.org/10.1049/iet-map.2018.5122 

[13] Jalali AR, Ahamdi-Shokouh J, Emadian SR. Compact 

multiband monopole antenna for UMTS, WiMAX, and 

WLAN applications. Microwave Opt Technol Lett 

2016;58(4):844–7. 

[14] Liu G, Liu Y, Gong S. Compact tri-band wide-slot 

monopole antenna with dualring resonator for 

WLAN/WiMAX applications. Microwave Opt Technol Lett 

2016;58(5):1097–101. 

[15] Sharma A, Gangwar RK. Triple band two-segment 

cylindrical dielectric resonator antenna with a novel 

microstrip feed for WLAN/WIMAX applications. 

Microwave Opt Technol Lett 2015;57(11):2649–55. 

[16] Kalyani, B. ., Wankhede, J. ., & Shahanaz, S. . (2023). Data 

Mining Oriented Automatic Scientific Documents 

Summarization. International Journal on Recent and 

Innovation Trends in Computing and Communication, 11(4), 

126–130. https://doi.org/10.17762/ijritcc.v11i4.6395 

[17] Mwangi, J., Cohen, D., Costa, R., Min-ji, K., & Suzuki, H. 

Optimizing Neural Network Architecture for Time Series 

Forecasting. Kuwait Journal of Machine Learning, 1(3). 

Retrieved from 

http://kuwaitjournals.com/index.php/kjml/article/view/132  

[18] Sharma, R., & Dhabliya, D. (2019). Attacks on transport 

layer and multi-layer attacks on manet. International Journal 

of Control and Automation, 12(6 Special Issue), 5-11. 

Retrieved from www.scopus.com 

 

https://doi.org/10.17762/ijritcc.v11i4.6395
http://kuwaitjournals.com/index.php/kjml/article/view/132

