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Abstract: This article aims to design a patch antenna (PA) 

that can resonate at three bands. Its architecture contains 

circular ring enclosed by a flower shaped aperture with circular 

notch at its center, best suitable for wireless communication 

applications. Central notch improves the reflection coefficient of 

designed patch antenna. Proposed design exhibiting three 

resonating band characteristics, first one is at 2.52 GHz with 

operating bandwidth (OBW) of 0.25GHz, second one is at 4.58 

GHz with OBW of 0.57GHz and third one is at 7.2 GHz with 

OBW of 0.71GHz respectively. Proposed antenna is exhibiting a 

maximum peak gain of 3.8dBi at 2.52GHz operating frequency 

over FR4 substrate of thickness 1.6mm. The over all size of 

antenna is 41.8X28X1.6 mm
3.
.   

 

Index Terms: Ultra-wideband (UWB), Triple band, Flower 

shaped antenna. 

I. INTRODUCTION 

 The growth in wireless communication technology giving 

challenges to antenna engineers to design a system that can 

perform multiple number of task and compatible for existing 

technology. So multi-band antennas attracting the attention 

of antenna researchers. Here single antenna covers more 

number of frequency bands [1]. In [2], triple band antenna 

with microstrip slot was proposed. In [3] Zhai proposed 

circular arc shaped tunable antenna was proposed to achieve 

triple band characteristics. In [4], asymmetric dipole antenna 

with C-shaped parasitic strip is proposed by tuning its strips 

it will produce double and triple band characteristics. In [5], 

antenna incorporated by two opposite triangular rings can 

produce  triple band and triple polarization. In [7], circularly 

polarized slot antenna proposed for triple wide band 

applications. Similar and some extended version of research 

was presented in [8-13].  Current study concentrates on the 

development of simple triple band antenna. Current 

architecture consists of a circular ring incorporated by four 

petals arranged 90 degrees apart. To enhance the 

performance of antenna ground size is made to half instead of 

covering full.  

II. DESIGN METHODOLOGY  

Fig 1 showing the iterations to design proposed patch 

antenna. During first iteration circular ring is designed, next 

iteration petal1 is designed copy of it (that is petal2) is 

arrange 90 degree to  petal1 similarly third petal3 is arranged 

90 degree to patel2 and finally petal4 is arranged 90 degree to 

patel3. During final iteration, a circular notch is made at the 
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center of radiating ring. The complete architecture is etched 

on top surface of FR4 substrate with thickness of 1.6mm 

backed by half ground of dimension 41.8X28mm2.   

 

Table1 : Design parameters corresponding values in mm.   

Paramete

r 

 

Value  Variable Value 

Ws 28 R1 12 

Ls 41.8 R2 10.5 

Lg 16 Lf 1.5 

Wg 28 Wf 16 

H 1.6 O 2 

 

 

 
                 (a)             (b)             (c)              (d) 

(a) iteration 1 (b) iteration 2 (c) iteration 3 

(4) Proposed antenna. 

Fig 1: Development stages of proposed antenna.  

 

Fig.2(a) is showing a single petal design and its 

corresponding coordinate system, detailed dimensions and 

size for better understanding its structure.  

 

 
(a) Proposed antenna 
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(b) Structure of the Petals 

Fig 2 : Dimensions  

 

The final architecture is depicted in Fig. 2(a), corresponding 

design values are presented in Table.1 

III. RESULTS AND DICUSSIONS 

Fig 3 showing the simulated results of return loss 

characteristics (S11) of PA at every iteration.  The 

fundamental structure of edge feed circular disk PA over half 

ground is exhibiting operating frequency of 6.33GHz - 

7.27GHz with an OBW of the 0.9 GHz, shown in Fig 3 with 

black colour small dots. During second iteration PA 

architecture is as shown in Fig 1(b) where the aperture of 

antenna contains a circular ring. This structure is exhibiting 

an operating frequency of 6.1GHz – 6.8GHz with an OBW of 

0.7 GHz, shown in Fig 3 with green colour long dots. During 

third iteration the PA architecture is as shown in Fig 1(C), 

where single petal was incorporated. This structure is 

exhibiting an operating frequency varying from the 4.7GHz - 

6.8GHz, shown in Fig 3 with blue colour long dots.  

 
 

Fig 3: Return loss characteristics PA at each iteration. 

 

After final iteration, proposed antenna architecture is 

achieved as shown in Fig 1(d), is exhibiting triple frequency 

bands first resonance band  is ranging from 2.4GHz 

-2.62GHz with an operting bandwidth of 0.22GHz and 

second resonance band is ranging from 4.18GHz - 4.78GHz  

with an OBW of 0.55GHz and finally third resonating band 

ranging from 6.7GHz - 7.3GHz with an OBW of 0.6GHz. 

Corresponding reflection coefficients (S11) are as follows -21 

dB, -41 dB and -29 dB. Hence proposed and designed 

antenna is best covers WLAN, ISM, INSAT and X-band 

applications.  

 

A. Parametric Study: 

At this stage few parameters which are effecting operational 

characteristics of antenna more are considered its influence 

was studied to determine the optimum parametric values.  

The key parameters considered here are (i)  length of the 

ground structure, (ii) feed width, (iii) second circle radius 

and (iv) radius of slot. While studying one parameter effect 

during that time remaining parameters are kept at its fixed 

position. Reflection coefficient is considered as operational 

characteristic of antenna and obtained results are shown in 

Fig 4 - 7. Ground length is varied from Lg= 15mm-18mm, 

when ground length is at 17mm triple band output was 

observed.  

 
Fig 4: Effect of ground length on triple band characteristics. 

 

Feed line width is varied Wf= 1mm-2.5mm with an 

increment of 0.5mm at each step. When feed line width is at 

2mm triple band characteristics were observed and obtained 

results were presented in Fig.5.  

 
Fig  5: Effect of second circle radius on triple band 

characteristics. 

 

Second circle radius was varied R2= 9.5mm-11mm. When 

second circle radius is at 10.5mm triple band characteristics 

were observed and obtained results were presented in Fig.6.   

Second band in reflection coefficient is affected more when 

radius is tuned.  
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Fig 6: Effect of radius of the circle R2 on triple band 

characteristics. 

 

 
 

Fig 7. Effect of radius of  slotted circle ‘O’ on triple band 

characteristics. 

 

The slotted circle (notch) radius is altered from O= 

3mm-6mm with an increment of 1mm at each step. When 

slotted circle radius is at 4mm triple band characteristics 

were observed and obtained results were presented in Fig.7.  

 

B. Surface Current Distribution 

Surface current concentration on the proposed antenna, 

when operating at three center frequencies that is 2.52GHz, 

4.58GHz and 7.2GHz is simulated and obtained results were 

analyzed and presented in Fig.8. From the figure it was 

understood that surface current is more on the circular ring 

when compared with the flower structure when proposed 

antenna is operating at 2.52GHz. As the progress in antenna 

operating frequency up to 4.58GHz from 2.52GHz, the 

surface current passes to flower structure through 

circumference of circle and also maximum radiation occur 

from feeding edge of the patch, when operating frequency 

progresses from lower to higher.  

 

 
 

(a)2.52GHz                (b) 4.58GHz            (c) 7.2GHz 

Fig 8: Concentration of surface current, when progress in 

resonating frequency of proposed structure. 

C. GAIN 

Polar gain of triple band PA with edge feed is shown in Fig.9. 

It is observed a maximum peak gain of 3.86dB at 2.52GHz, 

3.62dB at 4.58GHz and 3.77dB at 7.2GHz. 

 

 

 
 

(a) 2.52GHz 

 

 

 
 

(c) 4.58GHz 

 

 

 
 

(c) 7.2GHz 

Fig 9: Polar plot of proposed antenna.  

 

D. RADIATION PATTERN 

 

Omni directional E plane pattern and Bi directional H plane 

patterns of triple band PA with edge feed at three operating 

frequencies such as 2.52 GHz, 4.58 GHz, 7.2 GHz is shown 

in Fig 10.  
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(a)E-plane (xz-plane) 

 

 

(b) H-plane(yz-plane) 

 

Fig 10: Simulated Radiation patterns of proposed antenna. 

 

 

 

E. MEASURMENT SETUP 

 

 
 

(a) Network analyzer testing 

 

 

 
(b) Top view       (c) Rare View 

 

Fig 11: Fabricated antenna and corresponding Measurement 

setup.  

 

 
 

Fig 12. Return loss characteristics of simulated and measured 

results. 

 

Table 2: Tabulation of simulated and measured results for 

better judgement of proposed antenna performance. 

 

S.No Parameter Simulated Measured 

1 

Frequency     

range (GHz) 

2.4-2.62 2.41-2.56 

4.18-4.78 4.25-4.52 

6.7-7.3 6.8-7.35 

2 
Bandwidth 

(GHz) 

0.22 0.15 

0.55 0.27 

0.6 0.55 

3 S11(dB) 

-21 -17 

-41 -16 

-29 -18 

4 
Impedance     

band width (%) 

8 6 

12 6.9 

8 7 

 

IV CONCLUSION 

 

The circular ring enclosed flower shaped aperture with 

circular notch at center having edge feed PA over FR4 

substrate is operating at three operating bands was 

successfully designed. It radiation characteristics (simulated 

results) were presented in comparison with measured results, 

to judge its performance. . 
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