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ABSTRACT 

In this research investigation, the star-shaped wideband microstrip patch antenna has been proposed. The proposed antenna provides 
the broadband frequency response from the lower cut off frequency 𝒇𝒍𝒐𝒘= 1.98 GHz to higher cut of frequency 𝒇𝒉𝒊𝒈𝒉 = 4.30 GHz. The 

impedance bandwidth of 2.32 GHz and the fractional bandwidth of 𝟕𝟑. 𝟖𝟖 % have been achievedfor |𝑺𝟏𝟏|< -10dB. Wide band 
characteristics has been achieved by designing a star-shaped planner with proper impedance matching between radiating patch element 
and partial ground element. For the proper physical analysis of the proposed antenna the parametric study has been done. Bi-
directional radiation pattern, low VSWR and wide band have been achieved. A prototype of presented antenna has been designed on 
FR-4 substrate (𝒕𝒂𝒏 (𝜹) =. 𝟎𝟐,  𝜺𝒓 = 𝟒. 𝟑) where as the thickness of 1.6 mm and experimental results validate the performance of 
proposed antenna. 
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1. INTRODUCTION 

Current wireless communication systems demand antennas 
that are low-cost, high-performing, small, wideband, and 
discrete [1-2]. Modern communication needs the availability 
of efficient, compact, and portable devices capable of high 
data rates and low signal power [3.5]. In addition to their 
larger size, higher cost, and lower gain, microstrip patch 
antennas frequently have bandwidth limitations, single-
frequency operation, and polarisation problems. Traditional 
microstrip antennas may be improved in many ways, 
including by stacking, using various feeding systems, 
frequency selective surfaces, electromagnetic band gaps, 
photonic band gaps, metamaterial, and others. Because of 
its straightforward structural design, the microwave 
component with Defected Ground Structure has obtained 
popularity among all the techniques documented for 
increasing the parameters [6-9]. The ground plane of 
microstrip circuits may include etched slots or defects, 
which are referred to as "defective ground structure." A 
single or a slew of faults in the ground plane are referred to 
as DGS. Filters below the microstrip line were the first to be 
associated with DGS. To obtain band-stop features and 
lower higher mode harmonics and mutual coupling, DGS 
was applied beneath the microstrip line [10-13]. Following 
its successful implementation in the field of filters, DGS is 
today in great demand for a wide range of applications. 
DGS has been applied in the field of microstrip antennas to 
improve the radiation parameters of the microstrip antenna 
by enhancing the bandwidth and gain of the microstrip 
antenna and reducing higher mode harmonics, mutual 

coupling between surrounding components, and cross-
polarization [14-16]. The application of DGS in microwave 
technology is rising by the day. 

In this research work, compact star shaped wideband 
microstrip patch antenna proposed and designed. Micro-
strip feed antenna consists star-shaped patch element and 
partial ractangular ground plane has been presented for 
wideband Applications (1.98  to 4.30 GHz). The proposed 
compact antenna occupies a physical size of 32 x 44 x 1.6 
mm3.The designed antenna has been designed on FR-4 
substrate (𝑡𝑎𝑛 (𝛿) = .02,  𝜀𝑟 = 4.3) whereas width of 1.6 mm 
and so low manufacturing cost. The performance of 
proposed antenna have been investigated using Computer 
Simulation Technology simulator (CST-Studio) and there 
after measured results validates the simulation outcomes. 
The proposed antenna is suitable for integrated within 
wireless portable devices for wideband applications. 

2. ANTENNA GEOMETRY AND DESIGN 

Figure 1. shows the geometry of a star-shaped structure 
wideband microstrip patch antenna. This suggested antenna 
is placed on the X–Y axis. A star-shaped patch element, a 50 
ohm microstrip feed line, and a modified ractangular 
ground plane make up the suggested arrangement. The 
structure's l length and w width have been designated as 
the star-shaped patch's specifications. This radiating patch 
is intended for applications that require a wideband range 
of resonance frequencies. The width of the feed (Wf) and 
length of the feed (Lf) are the parameters of the microstrip 
feed line (Lf). The bottom of the radiating element is where 
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the microstrip feed line is terminated. The partial 
ractangular ground element has been modified; these are 
responsible for the antenna's good return loss and low 
voltage standing wave ratio (VSWR). The radiating patch is 
etched on the top edge of the ground element, where the 
microstrip feed line and radiating patch are inserted. This 
junction is extremely important in order to have better 
impedance matching. The proposed antenna has been made 
on a FR-4 substrate with a dielectric constant of 4.4, a 
tangent loss of 0.02, and a thickness of 1.6 mm. The 
antenna's total dimensions are 32 x 44 mm2. The rectangular 
wave guide feed approach has been used to excite the 
proposed antenna. The copper annealed conductor's 
thickness (top and bottom layers) is measured (0.035 mm). 
Parametric analysis has been done to optimise the size of all 
the components in order to achieve the superwide band 
impedance bandwidth. 

 

Figure 1. Two-dimensional geometry of a Star-shaped 
planar antenna. 

Table : Detailed Dimensions of the Antenna 

Dimension 
Value 
(mm) 

Dimension 
Value 
(mm) 

W 32 L 44 

Wpo 27.11 Wp1 10.2 

Wio 20.26 Lf 11.6 

So1 30.37 Wf 2 

Si1 24.29 Lg 11.47 

So2 11.4 h 1.6 

Si2 6.82 Sf 5.37 

 

3. ANTENNA EVOLUTION 

All successive stages to design proposed antenna has been 
analyzed and designed. Figure 2 shows the two sucessive 
steges for final geometry of the antenna that is designed. 
This patch antenna is made up of a microsrtip feed line, a 
radiating patch element, and a ground plane, all of which 
are responsible for excellent impedance matching and better 
reflection coefficient characteristics. The suggested antenna 
is designed on a FR4 substrate with a thickness of 1.6 mm, a 
dielectric constant of 4.4, and a loss tangent of 0.02. The 
antenna's overall dimensions are 32 x 44 x 1.6 mm3, with a 

feed line width of 2.8 mm, achieving the normal 50 input 
impedance. The antenna's impedance bandwidth and 
reflection coefficient were improved by using a star-shaped 
radiating element and a ractangular partial ground 
structure. Figure 3 shows the Reflection Coefficient 
Characteristics 𝑆11 of Successive stages Antenna 1, 2, 3, & 4. 
PLanner Antenna 2 provides the efficient wide band 
reflection coefficient 𝑆11. 

 

Figure 2 Development of Star-shaped planar Antenna 

 

Figure 3 Reflection Coefficient Characteristics 𝑆11 of 
Successive stages Antenna 1 and 2. 

4. PARAMETRIC ANALYSES 

The impact of parameters on the antenna performance in 
terms of  the reflection coefficient characteristics (𝑆11) curve 
has been examined in this section, and optimal values for 
these parameters have been produced to improve the 
antenna's overall performance. For the best modification, a 
parametric sweep is used to do a parametric analysis on 
numerous structural characteristics of the antenna. Optimal 
antenna parameter dimensions are necessary to improve its 
frequency response performance and provide appropriate 
impedance matching for bandwidth expansion. In this part, 
the basic parameters are modified within a specific range. 
The adjustment is carried out one parameter at a time to 
identify the actual impact on antenna performance. 

4.1 Effect of ground height (𝑳𝒈 = 𝟏𝟎 𝒎𝒎 𝒕𝒐 𝟏𝟑 𝒎𝒎) 
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Figure 4 (a) Ground height 𝐿𝑔 parameter has been varied in 

actual that vary the gap between patch bottom and ground 
top and by doing this the impedance matching between 
radiating patch and ground has been achieved.  To see the 
impact of 𝐿𝑔 a large variation has been observed on 

reflection coefficient (S11) depicted in Figure 4. (b). Only on 
Hg = 10- and 13-mm value gives a large band as shown by 
blue and orange curve and for other value gives low 
bandwidth. Ground height Hg =11.5 mm makes better 
impedance matching and so better𝑆11. 

 

(a)

 

(b) 

Figure 4. (a) Ground height (𝐿𝑔)and (b) the effect of ground 

height (𝐿𝑔) on 𝑆11 

4.2 Effect of feed width (𝑾𝒇 = 𝟏. 𝟖 𝒎𝒎 𝒕𝒐 𝟐. 𝟖) 

To see the impact of feed width parameter (𝑊𝑓) on reflection 

coefficient other antenna parameter, feedline width (𝑊𝑓), 

was changed to examine how it affected the antenna's 
performance. 𝑊𝑓 is the width of the feedline on the patch 

plane (see Figure 5). (a). The features of return loss with 
variations in 𝑊𝑓 have been observed and depicted in Figure 

5. (b). 𝑊𝑓 varies between 1.8 and2.8 mm.  𝑊𝑓 is increased 

further, resulting increasethe effective 𝑆11. As a result, it can 
be determined that a feedline width of 2 mm is the ideal 
width for matching the antenna's correct impedance.  

 

(a)

 

(b) 

Figure 5. (a) Microstrip feed line width parameter (𝑊𝑓) and 

(b)Significance of microstrip feedline width (𝑊𝑓) on ( 𝑆11) 

5. RESULTS AND DISCUSSION 

In this section the overall antenna performance parameters 
has been analyzed through the simulation and measured 
results. The return loss curve shows in Figure 6that a 
wideband impedance bandwidth has been achieved. The 
lower cut off frequency 𝑓𝑙𝑜𝑤 is 1.98 GHz and a higher cut of 
frequency 𝑓ℎ𝑖𝑔ℎis 4.30 GHz whereas the impedance 

bandwidth of 2.32 GHz has been achieved. 
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Figure 6. Reflection Coefficient characteristics (𝑆11) of 
optimized proposed antenna 

5.1 Fractional Bandwidth (dB) 

The fractional bandwidth 73.88 % of proposed antenna has 
been mathematically derived given below in equation1. 
Table 2 shows the frequency response of planner antenna. 

Antenna Fractional bandwidth = 2 ×  (
fH−FL

fH+FL
)  %                                  

(1) 

= 200 × (
4.30 − 1.98

4.30 + 1.98
) % 

= 200 × (
2.32

6.28
) % 

Antenna fractional Bandwidth = 73.88 % 

Table 2 Frequency response of planner antenna.   

Frequency (GHz) Reflection Coefficient 
(dB) 

𝑓𝑙𝑜𝑤= 1.98 -10 

𝑓𝑟1 = 2.344 -15.3839 

𝑓𝑟2= 3.784 -14.8186 

𝑓ℎ𝑖𝑔ℎ =4.30 -10 

 

5.2 Current Distribution 

Current distribution of proposed antenna has been analyzed 
at the obtained at resonance frequencies 2.344 and 3.784 
GHz frequency. In the Figure 7 (a) and (b) it has been 
observed that the current vectors are concentrated at the 
junction where the ring and feed line has been joined with 
the high magnitude and normal and low intensity current 
vectors are distributed through the patch and ground 
structure. 

 

(a)                                                 (b) 

Figure 7. Current distribution at resonance frequencies (a) 
2.344 GHz and (b) 3.784 GHz 

5.3 Two Dimensional Radiation Pattern 

Two dimensional radiation patterns at the resonance 
frequency of 2.344 and 3.784GHz have been represented in 
Figure 10. The radiation patterns at 2.344 GHz 
isbidirectional in E-field and quasi-omni directional in H-
Field from. At the frequency 7 GHz is bidirectional in E-
field and H-Field have been achieved. 

 

(a) 

 

(b) 

Figure 8. 2D Radiation Field (a) E-Field and (b) H-Field at 
2.344 GHz and 3.784 GHz 

5.4 Three Dimensional Radiation Pattern 

Three dimensional radiation patterns view at the resonance 
frequencies of 2.344 and 3.784 GHz have been represented 
in Figure 9. 3D views have been simulated through the CST 
simulator.  

 

Figure 9. 3D Radiation Field at 2.344 GHz and 3.784 GHz 

                    

   

   

   

   

   

   

   

   

   

   

         

   

   

   

   

  

  

  

  

  

   

         

        

                    

   

   

   

   

   

   

   

   

   

   

         

   

   

   

  

  

  

  

  

   

   

                    

   

   

   

   

   

   

   

   

   

   

         

   

   

   

   

  

  

  

  

  

   

         

        

                    

   

   

   

   

   

   

   

   

   

   

         

   

   

   

  

  

  

  

  

   

   



 

 

International Journal of Scientific Progress and Research(IJSPR) 

Issue 227, Volume 83, Number 01, January 2025 

e-ISSN: 2349-4689 

 

Copyright © IJSPR, 2025 https://www.ijspr.com 5  

It has been analyzed that the radiation patterns are 
bidirectional in E-field and H-Field at 2.344 GHz and 3.784 
GHz. The Voltage standing Wave Ratio (VSWR) curve has 
been shown in Figure 10. It has been observed that the value 
of VSWR is below 2 throughout from 1.98 GHz and goes up 
to 4.30 GHz. The gain and directivity of proposed antenna 
have been shown in Figure 11 and Figure 12 respectively. 
The peak gain of 2.1 at 3.7 GHz and maximum directivity of 
2.8 GHz at 3.7 GHz have been noticed. 

 
Figure 10. VSWR of proposed antenna 

 

Figure 11. Gain of Planer Antenna 

 

Figure 12. Directivity of Planer Antenna 

 

Figure 13. Efficiency of Antenna  

REFERENCES 

[1]. Mahesh Shankar Pandey and Virendra Singh Chaudhary, 
"Defected Star-Shaped Microstrip Patch Antenna for 
Broadband Applications," Progress In Electromagnetics 
Research C, Vol. 118, 11-24, 2022. 

[2]. Evans, J. A. and M. J. Ammann, “Planar trapezoidal and 
pentagonal monopoles with impedance bandwidths in excess 
of 10 : 1,” Proc. IEEE Antennas Propag. Symp., Vol. 3, 1558–
1561, 1999.  

[3]. Ammann, M. J. and Z. N. Chen, “A wideband shorted planar 
monopole with bevel,” IEEE Transactions on Antennas and 
Propagation, Vol. 51, 901–903, 2004.  

[4]. Liang, X. L., S. S. Zhong, and W. Wang, “UWB printed circular 
monopole antenna,” Microw. Opt. Tech. Lett., Vol. 48, 1532–
1534, 2006.  

[5]. Zhang, Y., Z. N. Chen, and M. Y. W. Chia, “Effects of finite 
ground plane and dielectric substrate on planar dipoles for 
UWB applications,” Proc. IEEE Int. Symp. Antennas 
Propagation, 2512– 2515, 2004.  

[6]. Shukla, B. K., N. kashyap, and R. K. Baghel, “A novel design 
of Scarecrow-shaped patch antenna for broadband 
applications,” International Journal of Microwave and 
Wireless Technologies, page 1 of 9, Cambridge University 
Press and the European Microwave Association, 2017.  

[7]. Ellis, M. S., Z. Zhao, J. Wu, Z. Nie, and Q. H. Liu, “Small 
planar monopole ultra wideband antenna with reduced 
ground plane effect,” IET Microw. Antennas Propag., Vol. 9, 
1028–1034, 2015.  

[8]. Ghaderi, M. R. and F. Mohajeri, “A compact hexagonal wide 
slot antenna with microstrip fed monopole for UWB 
application,” IEEE Antennas Wireless Propag. Lett., Vol. 10, 
682–685, 2011.  

[9]. Wong, K. L., C. H. Wu, and S. W. Su, “Ultrawideband square 
planar metal-plate monopole antenna with a trident-shaped 
feeding strip,” IEEE Transactions on Antennas and 
Propagation, Vol. 53, 1262–1269, 2005.  

[10]. Paulsen, L., J. B. West, W. T. Perger, and J. Kraus, “Recent 
investigation of the volcano smoke antenna,” Proc. IEEE 
Antennas Propag. Symp., Vol. 3, 845–848, 2003.  

[11]. Anob, P. V., K. P. Ray, and G. Kumar, “Wideband orthogonal 
square monopole antennas with semi-circular base,” Proc. 
IEEE Antennas Propag. Symp., Vol. 3, 294–297, 2001.  

[12]. Wong, K. L., C. C. Huang, and W. S. Chen, “Printed ring slot 
antenna for circular polarisation,” IEEE Transactions on 
Antennas and Propagation, Vol. 50, 75–77, 2002.  

[13]. Ansari, J. A., A. Singh, and M. Aneesh, “Desktop shaped 
broadband microstrip patch antennas for wireless 
communications,” Progress In Electromagnetics Research 
Letters, Vol. 50, 13–18, 2014.  



 

 

International Journal of Scientific Progress and Research(IJSPR) 

Issue 227, Volume 83, Number 01, January 2025 

e-ISSN: 2349-4689 

 

Copyright © IJSPR, 2025 https://www.ijspr.com 6  

[14]. Jan, J. Y. and J. W. Su, “Bandwidth enhancement of a printed 
wide-slot antenna with a rotated slot,” IEEE Transactions on 
Antennas and Propagation, Vol. 53, 2111–2114, 2005.  

[15]. Sze, J. Y. and K. L. Wong, “Bandwidth enhancement of a 
microstrip-line-fed printed wide-slot antenna,” IEEE 
Transactions on Antennas and Propagation, Vol. 49, 1020–
1024, 2001.  

[16]. Jan, J. Y. and L. C. Wang, “Printed wideband rhombus slot 
antenna with a pair of parasitic strips for multiband 
applications,” IEEE Transactions on Antennas and 
Propagation, Vol. 57, 1267–1270, 2009. 

 


