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Abstract: In this paper a Coplanar Waveguide (CPW) fed tomb 

shaped antenna with novel broad banding techniques is proposed 

for Ultra-Wideband (UWB) applications. The initial design is 

taken as an elliptical radiator and techniques such as beveling of 

upper and lower half of elliptical radiator and introducing 

staircase in the coplanar ground plane of the antenna are used to 

significantly enhance the bandwidth. The proposed antenna has 

overall size of 50×38×1.6 mm3 and possess good radiation 

characteristics and return loss < -10 dB in the whole UWB 

spectrum from 2.8 GHz to 18 GHz. CST MICROWAVE STUDIO 

SUITE is employed for the design, optimization and simulation of 

antenna, which is based on method of finite integration technique 

(FIT). The performance of the proposed antenna is validated by 

comparing simulated and experimental results which exhibit that 

the designed antenna can be employed in various UWB 

applications. 

Index Terms: Coplanar Waveguide, Microstrip antenna, 

Planar antenna, Ultra-Wideband antenna. 

I. INTRODUCTION 

  The Federal Communication Commission (FCC) issued a 

frequency spectrum of 3.1 GHz - 10.6 GHz for unlicensed 

UWB technology in 2002. Since then UWB technology has 

achieved a lot of interest in academia, scientists and wireless 

industries. Some of the UWB applications are through-wall 

imaging, precise localization and high data rate 

communication [1].  

One of the major challenges of micro-strip antenna design 

for UWB applications is achieving wide impedance 

bandwidth. To achieve ultra wideband performance some of 

the bandwidth enhancement techniques  such as feed line with 

trident shape at one end alongside the patch [2], tapering and 

T-shaping of ground along with notch of M-shape at the 

bottom of the patch  [3], etching parasitic elements and 

cutting slots in the main patch [4], beveling of patch and 

etching semicircular slots in ground plane [5], using inverted 

L-strip on the patch [6] and staircase-shaped strip on the patch 

[7] have been proposed in literature. CPW-feed is mostly used 

in UWB antenna design, as it provides less dispersion, easy 

fabrication, wide bandwidth and lower loss at higher 

frequencies, which lead to better performance for UWB 

applications [8]. Various UWB antennas with shapes such as 

circular monopole patch [9-10], modified square patch [11] 

and modified rectangular patch [12] have been investigated. 

In this paper, an elliptical antenna is modified by beveling 
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an elliptical patch and introducing staircase in the ground 

plane of CPW-feed for impedance bandwidth enhancement. 

The benefit of using staircase technique is that it offers 

increase in the overlapping of resonant frequencies on 

different levels etched on the ground and conserving the area 

around it. The tomb shaped UWB antenna radiates in a very 

wide impedance bandwidth from 2.8 GHz - 18 GHz and 

fractional bandwidth is nearly 146%. The proposed antenna is 

designed, simulated and fabricated to compare simulated and 

measured results and to investigate the characteristics of tomb 

shaped UWB antenna. This paper is divided into following 

sections; section II discusses about the antenna design. 

Section III presents the parametric study of the antenna. 

Section IV presents results and discussions of fabricated 

antenna. Finally the conclusions are drawn in section V. 

II.   ANTENNA DESIGN 

Fig. 1 represents the configuration and parameters of the 

proposed antenna designed on FR4 substrate having height of 

1.6 mm.  

 

Fig. 1 Configuration of proposed UWB antenna. 

Thickness of the copper material used for ground plane and 

radiating patch is 0.035 mm. Width (Wf) of CPW feed line is 

3.2 mm and there is a spacing of 0.6 mm between the feed line 

and the coplanar ground plane. The proposed antenna has an 

overall compact size of 50×38×1.6 mm
3
. Each step of the 

staircase structure has identical height and width of ‘a’ and ‘b’ 

respectively. Table 1 shows the optimized dimensions of the 

tomb shaped UWB antenna. 

The final optimal dimensions of 

the antenna are derived using 
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various structural modifications and parametric study as 

discussed next. 

TABLE 1 

DIMENSIONS OF THE TOMB SHAPED UWB ANTENNA 

Parameters Size (mm) Parameters Size (mm) 

WS 38 G 0.6 

LS 50 a 1.5 

Rx 11.45 b 2 

Ry 9.5 c 9.6 

LG 29.8 d 8.9 

WG 14.75 Wf 3.2 

 

The tomb shaped antenna is designed in three steps. Firstly, 

an elliptical patch antenna having coplanar ground is designed 

as shown in Fig. 2(a). Then upper and lower half of elliptical 

patch are beveled as shown in Fig. 2(b). Lastly a staircase is 

introduced in the ground planes of CPW feed of the beveled 

antenna as shown in Fig. 2(c).  

The return loss curves for these three geometrical antenna 

configurations are compared in Fig. 3. The basic antenna is 

radiating from 2.8 GHz - 3.7 GHz, 5.9 GHz - 7.2 GHz, 9.07 

GHz - 9.9 GHz, 11.88 GHz - 13.2 GHz, 14.9 GHz - 15.8 GHz. 

This implies that basic antenna structure is not radiating for 

entire impedance bandwidth ranging from 2.8 GHz - 18 GHz. 

When basic antenna is modified to form beveled antenna, it 

radiates for frequency band ranging from 2.5 GHz - 6.06 GHz 

and 6.25 GHz - 18 GHz. On further modifying the beveled 

antenna by cutting out staircase structure from the ground 

planes to form final antenna an impedance bandwidth ranging 

from 2.8 GHz - 18 GHz is achieved. 

 

 
(a) Basic antenna 

  

 
(b) Beveled antenna 

 

 
(c) Final antenna 

Fig. 2 Geometrical variations in UWB antenna. 

III. PARAMETRIC STUDIES OF ANTENNA 

The effect caused by varying different dimensional 

parameters of final structure has been investigated and 

observed. During this parametric analysis, single dimension 

of the antenna is varied while keeping other dimensions fixed. 

 

Fig. 3 Simulated Return Loss vs. Frequency curves for different 

antenna structures. 

A. Variation of radius of major and minor axis of the ellipse 

Radius of major axis of the ellipse (Rx) is varied from 9.45 

mm to 13.45 mm and return loss curves are plotted for 

comparison in Fig. 4. The optimum value of Rx is 11.45 mm. 

It can be seen that when Rx is decreased from 11.45 mm to 

9.45 mm the return loss values at 6.7 GHz, 12.7 GHz and 15.2 

GHz degrades. Also when Rx is increased from 11.45 mm to 

13.45 mm the return loss values degrades at 6.7 GHz, 9.3 

GHz, 12.7 GHz and 15.2 GHz.  

Radius of minor axis of the ellipse (Ry) is also varied from 

9.25 mm to 9.75 mm in a step of 0.25mm and return loss 

curves for different values of Ry are plotted in Fig. 5. The 

optimum value of Ry is 9.5 mm. There is a slight change in 

return loss curve when Ry is decreased from 9.5 mm to 9.25 

mm. Also, when Ry is increased from 9.5mm to 9.75mm the 

return loss at lower band starting from 10 GHz to 11GHz 

shows slight improvement but return loss at upper band 

degrades. 

 
Fig. 4 Simulated Return Loss vs. Frequency curve for different 

values of Rx. 
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Fig. 5 Simulated Return Loss vs. Frequency curve for different 

values of Ry. 

B. Variation of beveling parameters ‘c’ and ‘d’ 

Beveling length (c) is varied from 8.6 mm to 10.6 mm in a 

step of 1mm and return loss curves are plotted for comparison 

in Fig. 6. The optimum value of ‘c’ is 9.6mm. It can be seen 

that when ‘c’ is increased from 9.6 mm to 10.6 mm return loss 

values degrades at 3.1 GHz, 6.96 GHz, 9.37 GHz, 11.56 GHz 

and 17.23 GHz. There is a slight impact of decreasing the 

length of ‘c’ from 9.6 mm to 8.6 mm. Hence, return loss 

curves for c=8.6 mm and 9.6 mm are almost overlapping.  

 

Fig. 6 Simulated Return Loss vs. Frequency curve for different 

values of ‘c’. 

Beveling length (d) is varied from 6.9 mm to 10.9 mm and 

return loss curves are plotted for comparison in Fig. 7. The 

optimum value of ‘d’ is taken as 8.9 mm. When ‘d’ is 

decreased from 8.9 mm to 6.9 mm the return loss degrades at 

various frequencies. Also when ‘d’ is increased from 8.9 mm 

to 10.9 mm return loss degrades at various frequencies of the 

UWB antenna like at 3.04 GHz, 6.01 GHz, 7.27 GHz, 8.41 

GHz, 11.12 GHz, 13.3 GHz and 15.26 GHz. 

C. Variation of beveling parameters ‘a’ and ‘b’ 

Length of staircase (a) is varied from 0.5 mm to 2.5 mm and 

return loss curves are plotted for comparison in Fig. 8. The 

optimum value of ‘a’ is taken as 1.5 mm. It can be seen that as 

the value of ‘a’ is decreased from 1.5 mm to 0.5 mm, return 

loss of the antenna degrades at 4 GHz, 7.04 GHz, 8.44 GHz, 

11 GHz, 12.75 GHz, 13.8 GHz, 16.6 GHz and 17.6 GHz. 

Also when ‘a’ is increased from 1.5 mm to 2.5 mm, return loss 

of the  

antenna degrades at 4.49 GHz, 5.35 GHz, 7.04 GHz, 9.35 

GHz, 11 GHz, 12.7 GHz and 16.6 GHz. 

 

Fig. 7 Simulated Return Loss vs. Frequency curve for different 

values of ‘d’. 

 

Fig. 8 Simulated Return Loss vs. Frequency curve for different 

values of ‘a’. 

Width of staircase (b) is varied from 1.5 mm to 2.5 mm and 

return loss curves are plotted for comparison in Fig. 9. The 

optimum value of ‘b’ is taken as 2 mm. It can be seen that 

when ‘b’ is decreased from 2 mm to 1.5 mm the return loss 

value degrades at 4.5GHz, 7.04 GHz, 9.21 GHz and 16.83 

GHz. Also when ‘b’ is increased from 2 mm to 2.5 mm the 

return loss values degrades at 4.2 GHz, 7 GHz, 11 GHz 12.7 

GHz, 13.9 GHz and 17.64GHz. 

IV.  RESULTS AND DISCUSSION 

    The tomb shaped UWB antenna was fabricated according 

to the dimensions given in the Table 1 using FR4 substrate. 

Fabricated tomb shaped UWB antenna is shown in Fig. 10. 

Measurement of return loss and hence impedance bandwidth 

of the proposed antenna is done with a KEYSIGHT E5063A 

(100 KHz - 18 GHz) vector network analyzer (VNA). 

The measured and simulated return loss curves of the tomb 

shaped UWB antenna are compared in Fig. 11. After 

observing both return loss curves it is seen that simulated and 

measured results are in conformity with each other to a large 

extent. 
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Fig. 9 Simulated Return Loss vs. Frequency curve for different 

values of ‘b’. 

 

Fig. 10 The fabricated antenna. 

The small deviation of measured result from simulated 

result is because of fabrication tolerance, SMA soldering and 

SMA connector. The fabricated antenna shows an ultra 

wideband performance from 2.8 GHz to 18 GHz. 

Fig. 11 Simulated and measured Return Loss curves of tomb shaped 

UWB antenna. 

Fig. 12 demonstrates the surface current distributions of the 

tomb shaped antenna at 5 GHz, 11GHz, and 17 GHz. We can 

see that as the operating frequency increases, the current 

density slowly decreases in the staircase-shaped ground. In 

almost whole of the frequency range of 2.8 GHz - 18 GHz, the 

lower half of the beveled elliptical patch carries the current. 

Moreover, the upper half of beveled patch carries current at 

higher frequencies and has the most effect on higher 

frequencies. 

 

Fig. 12 Surface current distribution on the antenna at (a) 5, (b) 11, 

and (c) 17 GHz. 

The simulated E-plane and H-plane radiation patterns 

showing co-polarisation and cross-polarisation of tomb 

shaped antenna at 3 GHz, 7 GHz and 17 GHz are 

demonstrated in Fig. 13. H-plane has an omnidirectional 

radiation pattern while E-plane shows monopole like 

radiation pattern. As the frequency increases form 3 GHz to 

17 GHz the H-plane cross-polarization component starts 

increasing. 

 
(a) H-Plane at 3 GHz 

 
(b) E-Plane at 3 GHz 

 
(c) H-Plane at 7 GHz 

 
(d) E-Plane at 7 GHz 

 
(e) H-Plane at 17 GHz 

                    Co-Polarisation 

 
(f) E-Plane at 17 GHz 

             Cross-Polarisation 

Fig. 13 Measured co-polarisation and simulated cross-polarization 

radiation patterns at various frequencies for the tomb shaped UWB 

microstrip antenna. 

 

It is observed from Fig. 14 

that measured Gain (in range of 
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2.8 GHz - 18 GHZ) of  tomb shaped antenna is varying from 

2.5 dBi to 4.27 dBi. 

 

Fig. 14 Gain vs. frequency plot for the tomb shaped UWB microstrip 

antenna. 

The comparison of proposed tomb shaped antenna with 

existing UWB antennas is given in Table 2. 

TABLE 2 

COMPARISON OF PROPOSED ANTENNA WITH EXISTING 

UWB ANTENNAS 

Antenna     Antenna 

Dimension ( mm
2
) 

Bandwidth 

(GHz) 

Ref. [13] 106×140 0.97 - 8.98 

Ref. [14] 50×50 2.5 - 12 

Ref. [15] 60×50 2 - 10.6 

Ref. [16] 50×48 2.74 - 11 

Ref. [17] 53×53 2.2 - 12 

Ref. [18] 85×85 2.83 - 18.2 

Ref. [19] 50×50 2.6 - 10.8 

Ref. [8] 60×60 2.6 - 13.1 

Ref. [20] 50×50 1.5 - 11 

Ref. [21] 50×46 3.5 - 10.6 

Proposed Antenna 50×38 2.8 - 18 

 

V.  CONCLUSION 

A tomb shaped CPW fed printed monopole antenna for 

different UWB applications has been designed, simulated, 

fabricated and analyzed. It can be seen from the results that by 

beveling upper and lower half of elliptical patch and using 

staircase technique in ground, a large impedance bandwidth 

from 2.8 GHz to 18 GHz for return loss < -10dB, is achieved. 

Hence from the measured results it can be concluded that the 

proposed antenna is fit for UWB applications. 
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