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Abstract 
 

A tree shaped fractal antenna with U shaped slot and W-shaped slot has been designed and analyzed in this article by using ANSYS elec-

tromagnetic desktop 17. The proposed antenna is analyzed taking FR4 substrate is taken as the substrate material. The proposed antenna 

exhibits multiband characteristics (2.75-3.17GHz, 4.1-4.8GHz, 5.1-5.3GHz and 5.4-6.3GHz, 7.21-12.8GHz) in the Ultra-wide band re-

gion. The path that is radiating by superposition of the rectangular patches and multiple-band operating frequency is obtained by increas-

ing the U-shapes slots and w-shaped slot on the patch. The improvement in the impedance characteristics between the adjacent frequen-

cies is achieved by using defected ground structure (DGS) on the ground plane as to cover the region of UWB application (3.1-10.6GHz). 

The proposed antenna works in the applications like Wi-Max, Weather forecasting RADAR systems and WLAN. 
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1. Introduction 

Antennas is a vital role in modern wireless communication sys-

tems. Now days, there is a huge demand for compact size antennas 

because of the properties like less cost, versatility, ease in portabil-

ity and their conformal nature. Although micro strip antenna 

serves these properties, some of the disadvantages such as low 

gain, narrow band width and excitation of surface waves are inevi-

table. To overcome the disadvantage of low gain, micro strip an-

tenna array technology is being introduced. This technology ena-

bles to improve certain characteristics of antenna like desired radi-

ation pattern, high gain and radiation pattern in desired direction. 

In [1] using antenna array Increased in antenna properties like gain 

and band width are produced. To obtain the radiation pattern there 

are different types of topologies for antenna arrays based upon 

amplitude and phase variations such as same amplitude and vary-

ing phase difference, varying amplitude and same phase differ-

ence, varying amplitude and varying phase difference. Uniform 

arrays can be constructed with great ease [2], [4] and can be fabri-

cated easily. In general, UWB systems have sufficiently broad 

operating band width for high gain and directivity in desired direc-

tions. In [5], dual polarization of microstrip antenna array is ana-

lyzed for WLAN applications this article describes the simulation 

and analysis of a CPW fed four element linear antenna array for 

wireless applications and surveillance radar. A single element is 

attached with the 1˟ 4 feeding networks. The variation in results 

can be observed by inserting and removing ‘U’ shaped slots on the 

surface of the radiating element. After analyzing the results ob-

tained for different models, the optimum model is considered for 

fabrication. The fabricated antenna is tested with combinational 

analyser such that a good agreement is obtained between simulat-

ed and measured results [6-7]. There is an advancement has been 

taken place in the development of slot antennas by varying the 

shape and size of the slots. By this we can convey that changes in 

impedance bandwidth and there will be increment of antenna 

working frequency range. The design of slot antenna is simpler 

and also, they are robust in nature [9-12]. Radiation pattern distri-

bution can be determined from the shape and size of the antenna. 

Previously L-shaped slot antenna, U-shaped slot antenna, and 

rectangular slot antenna with stubs and circular slot antennas were 

designed, but from the literature review it has been concluded that 

these antennas have a drawback of complex structure and limited 

bandwidth. In printed slot antennas alignment problems occur due 

to multiple layers of the antenna, hence we have adapted CPW 

feed line technique which is a single layer structure [13-15]. Also, 

CPW has lower loss than the micro strip line. When we use a 

CPW slot antenna it is easier to integrate it with a system that 

utilizes fiber optics. Good impedance match can be achieved at 

these range with the help of CPW feed line instead of normal mi-

crostrip feed technique [16-21]. Also, CPW has ground on the 

same plane of the patch so this structure is simple and has single 

metallic layer. Hence in this paper we presented a novel compact 

CPW-fed printed with U-slot and W shaped slots. The proposed 

antenna exhibits multiband characteristics in ultrawide band re-

gion. ANSYS HFSS 17 is used to analyze the proposed antenna. 

The proposed antenna and its results has been discussed in subse-

quent sections. 

2. Antenna design 

A compact tree shaped fractal of size 23mm*30mm which is de-

signed on the FR4 substrate having dielectric constant of 4.4 and 

loss tangent 0.02 is taken and analysed using commercially 

equipped EM tool ANSYS electromagnetic desktop 17. The pro-

posed antenna is demonstrated iteration wise as shown in below 

fig 1. 
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Fig. 1: Iterations of the Antenna Models (A) Iteration 1 (B) Iteration 2 Having U Slot on the Patch (C) Iteration 3 with U Slots and Modified Ground 

(DGS). 

 
Table 1: Design Parameters of Proposed Antenna (All are in Mm) 

W L Wf Lf C D Ts l1 l2 L3 L4 L5 W1 

23 30 2 9.1 8 12 0.15 8.5 8.2 4.5 3.5 2.5 5.9 

 
W2 W3 W4 Wg1 Lg1 ws ls Lg2 h 

3 2 2 5.6 8 2.7 6.5 5 1 

 

 
Fig. 2: Reflection Coefficient of Three Iterations of the Antenna. 

 

After analysing, the parameters of proposed antenna are shown in 

Table. The scaling factor a = 0.7, b = 0.5. All iterations have been 

analysed on the FR-4 substrate (W×L) which is having relative 

permittivity (εr) =4.4, loss tangent (δ) =0.02 and of thickness 

1mm.Wf and Lf is the width and length of the feedline the antenna. 

A ground plane with a DGS structure is taken to improve the im-

pedance characteristics in the UWB band. The DGS ground plane 

has two6 symmetrically levelled corners and a rectangular gap 

with a size of Ls×Ws on a rectangular ground plane. Repeatedly 

two U-shaped slots are placed on the patch with width of ts as to 

suppress the interference due to Weather RADAR systems (4GHz) 

and WLAN (5.7GHz) bands and another X-band application  

The performance of the antenna with different iteration stages 

with U-shaped slot without DGS and Inverted U-shaped slot (pro-

posed model) with DGS were simulated to analyse the influences 

of fractal iteration times on the performance of the antenna.  

In addition, the U-shaped slot in the ground plane is very im-

portant and it is covered with the DGS to the performance of the 

antenna, because the capacitance introduced at rectangular gap. 

Fig. 2 shows the reflection coefficient for different iterations of 

the antenna with having the U-shaped slots and defected ground 

plane. Figure indicates at first antenna model iteration the single 

notch appears where as in the second antenna model single 

notched only appear. The third antenna model behaves in dual 

notch band characteristics. In this study, the sizes of the rectangu-

lar gap with U-Shaped Slot are divided into different groups. The 

impedance matching of the antenna can be improved with length 

LS = 5.6 mm and width WS = 2.7 mm. From this study, the reflec-

tion coefficient of the operating bandwidth can be varied by 

changing the value of the U-Slot gap and Inverted U-shaped slot 

each affiliation must include, at the very least, the name of the 

company and the name of the country where the author is based 

(e.g. Causal Productions Pty Ltd, Australia). Email address is 

compulsory for the corresponding author. 

 

 
Fig. 3: Layout of the Proposed Antenna. 

 

The proposed model of the antenna has been modified by attach-

ing a U-shaped slot and w shaped slot from basic three iterations. 

Therefore because of changing these improvements in the struc-

ture the multiband characteristics has been obtained in the ul-

trawideband region. The results for the proposed model is shown 

in figure 4. Maximum return loss for the proposed antenna is ob-
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served at frequency range of 8.9 GHz.The proposed antenna has 

its applications at WLAN, weather RADAR systems and X-band 

bands.  

3. Results and discussions 

Return loss also known as reflection coefficient (S11) usually 

represents the discontinuity in the power of signal that is returned 

which is mainly caused due to impedance mismatch. The centre 

frequency of the antenna is 8.9GHz where we can observe maxi-

mum return loss of -28dB in figure 4. Now, this shows that we 

have minimum power loss at 11.6GHz frequency. 

Gain is a combinational representation of directivity and Radiation 

efficiency of the antenna. Gain in dB can be mathematically de-

duced from gain factor. For this antenna design the gain minimum 

is 0.5dB and maximum is 6dB which is shown in the figure 4.the 

formulae for the gain factor is 

G dBi =10log 10 (G), where G is the gain factor of the antennA 

When gain is measured and averaged by considering all the direc-

tions instead of specific direction we get peak gain which is usual-

ly maximum gain of the antenna. For the proposed model it shows 

negative peak gain (-6dB) at notch band but the 8 GHz it shows 

maximum gain of 5.2dB which exhibits maximum notch band  

Figure 6 and 7 represents Radiation pattern and radiation efficien-

cy of the proposed antenna is achieved at different frequency 

ranges how gain is varied with respect to the radiation of the an-

tenna in space. We achieved Quasi omni directional radiation 

pattern at the frequency range of 3.8GHz and 5GHz(Notch bands) 

and rest of the frequency ranges 4.3GHz,5.6GHz, GHz exhibits 

omni directional radiation pattern. The efficiency of the antenna is 

almost same in the working band but at the three notch bands a 

suppression in the antenna radiation efficiency is observe. 

 

 

 
Fig. 4: Reflection Coefficient (S11) of Proposed Antenna. 

 

 
Fig. 5: Peak Gain vs. Frequency for the Proposed Antenna. 

 

 
Fig. 6: Radiation Efficiency vs. Frequency for the Proposed Antenna. 
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(C) (D) 

  
Fig. 7: Simulated Radiation Patterns for Xy-Plane (E-Plane) and Xz-Plane (H-Plane) for Notch Bands (A) 3.8ghz (B) 5.8ghz Working Bands (C) 4.3 Ghz. 

(D) 5.6ghz. 

 

 
Fig. 7: Current Distribution of the Proposed Antenna at 3.8ghzv(Notch Band) and 4.3Ghzv(Working Band). 

 

4. Parametric study 

Figure 9 and figure 10 shows the parametric analysis of the pro-

posed antenna by varying the parameters width and length of the 

ground ws and ls. Figure 9 shows the triple notch characteristics is 

seen at ws=4. 9mm.Similarly in Figure 10 we observe the para-

metric analysis of the proposed antenna by varying ls. 
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Fig. 9: Parametric Analysis by Varying the Parameter Ws. 

 

 
Fig. 9: Parametric Analysis by Varying the Parameter Ws. 

 

5. Conclusion 

A rectangle fractal antenna with u and w shaped slots are exhibit-

ing the multi band characteristics is designed and characterized 

using ANSYS EM tool. Multiple resonant frequencies are ob-

tained because U-shaped and w shaped slots. By introduction of 

U-shaped and Inverted for the proposed model we have obtained 

new resonances. The improvement of impendence characteristics 

is done by using Defected ground structure in the ground plane 

proposes UWB operation (6.4-12.4GHz).The multiband band 

characteristics which is obtained by Inverted U-shaped Slot used 

for the applications like Weather forecasting RADAR systems and 

WLAN and other X-band applications. The gain decreases at 

notch band (-6dB) and at working band (4GHz) shows good corre-

lation for working and notch bands. The Proposed antenna can be 

widely used in various ultrawide band applications. 
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