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Abstract   An eight shaped annular ring slot antenna array is 

presented. Feed is designed with T shaped Power divider and 

quarterwave transformer is used.  Antenna element is comprised 

of two linked annular slots to achieve high band width.  Analysis is 

carried out with HFSS simulation software. Array is configured 

with corporate feed structure. It has been observed tha gain is 

increased to 4dB to 5dB and return loss band width increased 

from 600 MHz to 1.2 GHz around 55%, Cross polarization level 

also significantly decreased, 

 

Keywords: Microstrip Antenna, Wideband, Annular Ring Slot 

antenna array 

I. INTRODUCTION 

It is well known that annular ring patch antennas [1-5] and 

annular slot antennas[6-9] have bring interest because of their 

significant characteristics such as wide bandwidth, small 

size, light weight and ease of fabrication. 

Normally the bandwidth for single frequency  annular slot is 

about 10%[6,9]. Several techniques have been reported to 
achieve broad band for annular slot antennas[9,10].  It has 

been reported in the subsequent work [11-14], annular slot 

antenna have 10-20% impedance bandwidth, which is wider 

than conventional microstrip patch antenna. 

However the development of wireless communications 

experiencing an exponential growth hence increase the need 

for wideband microstrip antennas. As a result, new antennas 

have to developed to provide larger bandwidth and this, 
within small dimensions.  challenge which arises is that the 

gain and bandwidth performances of an antenna are directly 

related to its dimensions. These applications include 

WWANs, WLANs and WPANs. Usually, broad band 

characteristics are tough to achieve, because good impedance 

matching is difficult.   In this paper an 8- shaped  slot antenna 

is proposed, there by increasing the surface current path and 

enabling wide bandwidth of the slot antenna. By adjusting the 
parameters of the antenna parametric analysis is carried out 

using HFSS software by changing the inclination angle that is 

angle between the  line joining centers of two circles of figure  

eight and a vertical reference line. The optimized results are 

found to be impedance bandwidth more than 1GHz. A simple 

50 ohms microstrip line is used to excite the slot.  
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Annular slot antennas have relatively broad band 

characteristics compare to conventional patch antennas. 

Normally , for narrow slot antennas  impedance bandwidth is 

around 10%. However for wide slots high bandwidth can be 

obtained, because of reduced quality factor. A single layer 

with 8 shaped slot is taken out of infinite ground plane.  FR4 
substrate was selected to reduce the cost, which has a relative 

permittivity of 4.4, loss tangent of 0.01 and a thickness of 

1.56 mm. Single element ground plane and substrate sizes are 

65mmX35mm. Radius of inner ring of the slot is 

Ri=6.5mm,Radius of the  outer ring slot is taken as 

Ro=9.5mm. Parametric Analysis is carried out with 

combinations   of the angle between the line joining the 

centers of the two rings of eight shaped slot and a vertical 
reference line from 15 to 90 degrees in steps of 15 degrees  

and with permutations of the distance between the centers of 

the two rings of eight shaped slot from 7 mm to 9.5 mm in 

steps of 0.5mm.  single element is designed with the  Size  

35mm x 65mm x1.6mm. Its optimal impedance band 

width(S11<-10dB) is 2.12 to 3.16 GHz, more than 1GHz , 

44% centered at 2.3GHz at angle of rotation is 15 degrees and 

centre to centre distance 17mm..  The 50 ohms feed line 
length is fl= 19.5mm, and width is fw3mm was  designed for 

good impedance matching.  Angle of inclination AG is varied 

from 15 to 90 degrees  insteps of 15degrees. The half of the 

distance between the centers of two linked annular rings is  Rc 

is varied from 7 to 9.5 mm insteps of 0.5mm. Only one 

parameter is varied every time in the numerical simulation 

The simulated and measured results are explained below. 

II. CONFIGURATION AND DESIGN OF EIGHT 

SHAPED ANNULAR RING SLOT ANTENNA 

The configuration of figure eight shaped annular ring slot 

antenna is illustrated in figure1. It consists of eight shaped 

annular slot. The slot antenna is excited by a 50 ohms 

microstrip line to provide impedance matching.  Normally 

the resonant frequencies are mainly found by circumference 

length of annular slot. The annular- slot width and the 

microstrip feed line parameters have significant effect on 
antenna parameters. The fundamental resonant frequency of  

conventional annular circular ring slot antenna comprises in 

the ground plane of a dielectric substrate fed by a microstrip 

conductor can be calculated according to the following[12] 
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Where Rm is the average radius of inner ring radius  and outer 

ring radius in mm.  f0 is the resonant frequency in GHz. And 

re  is effective dielectric constant of annular ring patch is 

given by 
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To improve the impedance bandwidth one more annular 

linked slot is introduced. Using below equation width of the 

microstrip line width for 50 ohms is calculated[15].  
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The first mode is mainly determined by the circumference of 

the inner and outer slot rings (in case of the multiple rings), 

and the second mode is mainly determined by the outer 

circumference.  

The angular-slot widths and the micro-strip feed line 

parameters also have significant effect on the performance. 
This is given by  

----------------------------------------------------------4 

Where R is the radius of the angular-ring slot,  is the slot 

guided wavelength  

{(1.045 – 0.365 ) ln  +  - [0.148 - 

]  ln( ) 

For a single ring, when the mean circumference of the ring is 

equal to an integral multiple of the guided wavelength, the 

resonance is expressed as the  
 

I = 2𝝿R = n  for n=1,2,3,…… 

Where  I  is the mean circumference of the ring, 

I. ---------------------------------6  

The resonant frequencies can be represented as: 

--------------------------------------------6 

For mode n=1,2,3… where c is the speed of the light. 

 
Calculations: 

Resonant Frequency without fringing effect) for the 

mode is given by  

-------------------------------------------------------7 

Resonant Frequency (with fringing effect) is given as  

 =  ----------------------------8 

The effective radius  is used in the place of the actual 

radius (due to fringing effect) 

= 

-----------------------9 

 

The design of the circular and slot of the angular ring shape is  

 
Fig: 1A Circular patch antenna and its equivalent 

rectangular patch antenna on thick substrate. 

For the equivalent rectangular patch of width W = 2ro, the 

length L = (𝝿/2)ro is obtained by using the invariance of 

electrostatic energy below both the rectangular and circular 

patches. 

III. ANALYSIS AND STUDY OF THE PARAMETERS 

Design-1: 

 

 
Fig1.1: Structure of two element antenna array – design 1 

 

Figure 1.1 shows the structure of two element antenna array 

with T Junction feed with impedance matching of 50 Ω. The 

T junction is made with 50 Ω line and two 100 Ω line 

connecting next to it proceeded by the quarter wave 

transformer and again the 50 Ω feed line to the patch is 

connected. 
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Figure 1.2 Radiation Pattern of design-1 
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Figure 4.5 Return loss vs frequency (design-1) 

From the radiation pattern and reflection coefficient it is clear 

that the gain with this particular feed is 5dB and the 

bandwidth obtained is 200MHz. It is observed that Radiation 

pattern is symmetric. 

.Design-2: 

Figure 2.1 shows that the structure of four element antenna 

array with corporate feed. This feed consists of different lines 
with impedances 50 Ω, 100 Ω  and 70.7 Ω to get input 

impedance as  50ohm for each element. The feed is arranged 

in such a way like quarter wave transformer (70.7) is present 

in between two different impedances.  

The center to center gap between the two patches is 65mm. 
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Figure 2.1Geometrical structure of design-2 

 

From the fig 2.2 and fig 2.3, the radiation pattern and 
reflection coefficient, it is clear that the maximum gain is 

2.5dB and 180MHz of bandwidth respectively. 
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Figure 2.2 Radiation pattern of design-2 
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Figure 2.3 Reflection coefficientof design-2 

 
Design-3: 

 

Figure 3.1 Geometrical structure of design-3 

 

 

 

Figure 3.1 represents the modified with center to center gap 

between two patches is 50mm.It is  observed that the center to 

center gap between the patches has main role in the 
improvement of gain and bandwidth.  

Thus the center to center gap is changed in both vertical and 

horizontal directions which has good bandwidth and gain. 

From the fig 3.2 and fig 3.3, radiation pattern and reflection 

coefficient, it is clear that the gain of appro. 5.5dB and 

630MHz of bandwidth respectively. 
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Figure 3.2 Radiation Pattern of design-3 
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Figure 3.3  Reflection coefficient of design-3 

 

Design-4: 

 

 
Figure 4.1Geometrical structure of design-4 

Figure 4.1 describes  2X2 array with Feed system consisting 

of 3 T-junctions and  a L shaped bend where there is no 

change in the resistance along the path.  Quarter wave 

transformer is placed on either side of the 100ohm line in 

order to get maximum power transfer. After 100ohm line 
another 50ohm feed line with a quarter wave transformer is 

used.From the  Fig 4.2 and Fig 4.3 radiation pattern and 

Returnloss characteristics gain is 5dB returnloss bandwidth 

obtained is 680MHz. Radiation pattern is symmetric  
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Figure 4.22Radiation Pattern of design-8 
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Figure 4.23 Reflection coefficient of design-8 

 

Design-5: 

 

 

Figure 5.1 Geometrical structure of design-5 
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Figure 5.2 Radiation pattern of design-5 

 

Feed network is designed such a way that, the length of 

T-junction feed is symmetrical and length of the T junction 

arms is different i.e., it From the radiation pattern and 
reflection coefficient it is clear that the gain with this 

particular feed is 5dB and the bandwidth obtained is 

300MHz. 

Radiation pattern is symmetric because its geometrical 

structure is in a symmetric fashion. The figures 5.2,5.3 shows 

the radiation pattern and Return loss plot of the above 

antenna. 

 
Design-6: 

 

 

Description : This antenna is different from the antenna in 

Design 5 is the meander line is connected is in inverted 

fashion when compared to the fig 5. Feed network is designed 

such a way that, the length of T-junction feed is symmetrical 

and length of the T junction arms is different i.e., it looks like 

meander shape on one side of T junction and after that QWT 

has been kept which is between the 100 ohm and 50 ohm line. 

There are total of two symmetrical T junctions in the above 
mentioned feed network. This meander shape in the above 

mentioned structure is in order to provide equal electrical 

length from the excitation feed. From the radiation pattern 

and reflection coefficient it is clear that the gain with this 

particular feed is 5dB and the bandwidth obtained is 

900MHz. 

Radiation pattern is symmetric because its geometrical 

structure is in a symmetric fashion. 
Figure 5.1 Geometrical structure of design-5 
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Figure 5.2 Radiation pattern of design-5 
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Figure 5.3 Returnloss characteristics of design 5 

 

Design-7 
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Figure 7.1 Geometrical structure of design-7 

 

This antenna is different from the antenna in fig 8 is the 

meander line is connected is in inverted fashion when 

compared to the fig 8. 

Feed network is designed such a way that, the length of 
T-junction feed is symmetrical and length of the T junction 

arms is different i.e., it looks like meander shape on one side 

of T junction and after that QWT has been kept which is 

between the 100 ohm and 50 ohm line. 

There are total of two symmetrical T junctions in the above 

mentioned feed network. This meander shape in the above 

mentioned structure is in order to provide equal electrical 

length from the excitation feed 
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Figure 7.2 Radiation patternof design-7 
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Figure 7.3 Returnloss design-7 

IV. RESULTS AND DISCUSSIONS  

Based on the simulated results effect of angle of rotation and 

center to center distance of two annular slots of eight shaped 

slot are discussed in the following section. Number of 

elements are increased from single element to 2X2 array. 

The Return loss plots by adjusting the rotation angle AG and  

distance of separation between the centers of rings  2Rc are 

shown in Figure.2. It is observed in figure.2 that impedance 

bandwidth for return loss below -10 dB is from 2.28 GHz to 
3.64 GHz when angle of rotation AG = 15 degrees and Rc 

=9mm, which is more than 44 % centered at 2.3GHz.  

% Bandwidth for different combinations of antenna 

parameters is shown in figure 3. and in table1.  Flatten gain of 

4dBi  is observed over the optimized band, shown in figure 4. 
It is also observed that E plane and H plane Radiation 

patterns at different values of frequencies are relative omni 

directional shown in figure 5.  

The impedance bandwidth of 2X2 array is 1.2 GHz , 55% and 

gain is raised to 5 DB 

Performance Comparison of  arrays 

 

 

V. CONCLUSION 

An eight shaped annular ring slot antenna array is presented. 

Feed is designed with T shaped Power divider and quarter 

wave transformer is used.  Antenna element is comprised of 

two linked annular slots to achieve high band width.  Array is 
configured with corporate feed structure. It has been 

observed that gain is raised  to 4dB to 5dB and return loss 

band width increased from 600 MHz to 1.2 GHz, Cross 

polarization level also significantly decreased, 
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