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Abstract
In this paper we have investigated Printed Semicircular disc 
monopole antenna, which is basically printed micro strip 
antenna with etched ground plane for UWB applications. In high 
performance aircraft, spacecraft, satellite, missile and consumer 
electronics applications, where weight, cost, performance, ease 
of installation, and aerodynamic profile are constraints, low 
profile antennas may be required. Presently there are many other 
government and commercial applications, such as mobile radio 
and wireless communications that have similar specification. 
To meet these requirements, micro strip patch antennas can be 
used. These antennas are low profile, conformable to planar and 
non planar surfaces, simple and inexpensive to manufacture. In 
particular we have simulated Semicircular disc monopole antenna 
with etched ground plane. Simple rectangular micro strip line is 
used for feeding the printed monopole antenna and which is having 
impedance of 50 Ohms. This designed Semicircular disc UWB 
monopole antenna works well for the whole UWB frequency 
band 3.1-10.6GHz.
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I. Introduction
UWB technology has been used in the areas of radar, sensing and 
military communications during the past 20 years. A substantial 
surge of research interest has occurred since February 2002, 
when the FCC issued a ruling that UWB could be used for data 
communications as well as for radar and safety applications. Since 
then, UWB technology has been rapidly advancing as a promising 
high data rate wireless communication technology for various 
applications. Ultra-Wideband commonly refers to signal or system 
that either has a large relative bandwidth (BW) or a large absolute 
bandwidth [1-4]. 
Such a large BW offers specific advantages with respect to signal 
robustness, information content and/or implementation simplicity. 
But such systems have some fundamental differences from the 
conventional narrowband systems. The Federal Communications 
Commission (FCC) has designated the 3.1 to 10.6 GHz band 
with Effective Isotropic Radiated Power (EIRP) below -40dbm/
kHz for UWB Communications. Some UWB antennas are much 
more complex than other existing single band, dual band and 
multi- band antennas [5-6]. Most of the UWB monopole antennas 
are investigated till today is non-planar as in [2-4] and due to 
its protruded structure they cannot be integrated with integrated 
circuits and they are fragile. Few researchers have also studied 
printed monopole Antennas.

Fig. 1: Geometry of Semi Circular UWB Antenna

In this paper, we will investigate Semi Circular disc UWB antenna, 
which is basically a printed micro strip antenna with etched ground 
plane [6-8]. First we will investigate in depth the semi circular disc 
printed monopole antenna with etched ground plane as shown in fig. 
1(a) for UWB applications. We have used conventional rectangular 
micro strip lines as feed lines for printed UWB antennas which 
are properly matched to the antenna impedance [9-10]. And also 
we maintained some gap “g” between the Semi circular patch 
and the ground plane in order to get proper impedance matching 
as well as huge bandwidth, simply saying that it was a one of 
the design parameter of proposed antenna in order to meet UWB 
applications. In future we will also investigate other broadband 
matching techniques to further improve the UWB performance 
of the printed monopole antenna. 

II. Geometry of Printed Semi Circular Disc UWB Monopole 
Antenna and Simulation Results
The semi circular disc UWB Monopole antenna is designed on 
a substrate with 4.4 relative permittivity and 1.6 mm thickness 
and simple Micro strip line is used for feeding. We have fixed the 
dimensions of UWB monopole antenna and the value of “g” is 1 
mm. The substrate width and length has been reduced in order to 
obtain compact sized antenna. The final dimensions of the entire 
UWB monopole antenna after extensive simulation study are:

Dimensions of Patch: R = 12mm & t = 0.035mm• 
Dimensions of Substrate: W = 34mm & L = 50mm & t = • 
1.6mm
Dimensions of Ground: W = 34mm & L = 26mm & t = • 
0.5mm
Dimensions of Micro strip line: W = 2.6mm, L =27.5mm & • 
t = 0.035mm
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Table 1: Various Parameters of Semi Circular Disc UWB 
Antenna

g 
mm

Flow
GHz

Fhigh
GHz

Ante-nna
Impedance
Ω

Pacc
W

Prad
W

Max U 
W/Sr

Peak
Gain

η
%

0.8 3.2 11.5 50 0.97 0.87 0.1311 1.687 89.57%
1
1

3
3

11.6
11.6 50 0.97 0.86 0.1268 1.635 89.28%

For different values of g, the antenna impedance, bandwidth 
(flow is the lower start frequency of the antenna BW, fhigh is 
the higher end frequency of the antenna BW and antenna BW 
is considered for those frequency range where the s11 is below 
-10dB) and radiation efficiency are tabulated. Here the gap (g) 
between the circular patch and the ground plane below is the 
most crucial parameters for getting a huge BW. Mainly this “g” is 
served as a proper impedance matching technique in order to get 
the antenna impedance equal to 50Ω and maximize the antenna 
radiation efficiency as we can see from Table 1.
The various antenna parameters have been calculated and when 
the gap between the ground plane and patch was 0.8mm & 1mm. 
It is observed that the antenna has got a bandwidth ranging from 
3.2 GHz to 11.5GHz. The accepted power is 0.976 Watts and the 
radiated is 0.874 Watts, maximum radiation intensity is 0.1311 
Watts/Ste-radian and %efficiency of the antenna is 89.5% when 
the ‘g’ value is 0.8mm, but this was not satisfying the Ultra Wide 
Band. When the ‘g’ value was changed to 1mm, the bandwidth 
was ranging from 3GHz to 11.6GHz which was covering the 
UWB range but the efficiency was slightly reduced to 89.28% 
which shows that the ‘g’ value is very crucial for obtaining a 
good bandwidth.
The plot of Antenna return losses Vs frequency, it can be seen 
that the bandwidth below -10dB ranges from 2.3 GHz to 13.2 
GHz which includes the UWB bandwidth i.e. from 3.1GHz to 
10.6 GHz as depicted in fig. 2(a). The plot of antenna impedance 
Vs frequency we can see the real part of antenna impedance is 
exactly 50 Ω at 3.1GHz and 7.9GHz where the imaginary part of 
the antenna impedance equals zero as depicted in fig. 2(b). 

Fig. 2(a): S11 Vs Frequency Plot (BW is from 3GHz to 
11.6GHz)

Throughout the bandwidth of the UWB antenna, the real part of 
the antenna impedance varies from 25 Ω to 90 Ω whereas the 
imaginary part of the antenna impedance is in the range -32 Ω to 
+25 Ω that is not a major variation of the antenna impedance.

Fig. 2(b): Antenna Impedance Vs Frequency (Real Part Red Color 
and Imaginary Part Blue Color) of Semi Circular Disc UWB 
Monopole Antenna

The E-plane and H-plane radiation patterns of the Semi Circular 
disc UWB monopole antenna at 3, 5, 7.5, 9, 10.6and 11.2 GHz 
are shown in fig. 2(c) and 2(d). The E-Plane pattern is like a 
doughnut or ‘8’ shaped at 3GHz frequency and is almost same with 
a little distortion at 5GHz, 7.5GHz, 9GHz, 10.6 GHz, 11.2 GHz 
frequencies. The H-plane radiation patteren was Omni directional 
throughout the band of frequencies.

       
(i) At 3 GHz                                (ii) At 5 GHz

   
(iii) At 7.5 GHz                       (iv) At 9 GHz

      
(v) At 10.6 GHz                    (vi) At 11.2 GHz
Fig. 2(c):  E-plane radiation patterns at (i) 3 GHz, (ii) 5 GHz, (iii) 
7.5 GHz , (iv) 9 GHz, (v) 10.6GHz (vi) 1.2 GHz
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(i) At 3 GHz                              (ii) At 5 GHz

   
(iii) At 7.5 GHz                          (iv) At 9 GHz

   
(v) At 10.6 GHz                            (vi) At 11.2 GHz
Fig. 2(d): H-plane radiation patterns at (i) 3 GHz, (ii) 5 GHz, (iii) 
7.5 GHz, (iv) 9 GHz, (v) 10.6 GHz , (vi) 11.2 GHz 

The   simulated   3D   radiation   patterns   of   the proposed antenna 
at 3, 5, 7.5, 9, 10.6 and 11.2 GHz are shown in the Figure 2(e). 
The radiation pattern looks like a doughnut, similar to that of a 
dipole pattern, at the first resonant frequency i.e. 3GHz. At the 
second resonant frequency i.e. at 5GHz and the third resonance 
frequency   i.e.   at   7GHz   the   radiation   pattern   is somewhat 
like pinched doughnut (i.e. Omni directional). As the frequency 
moves toward the upper end of the bandwidth the radiation pattern 
is somewhat slightly distorted as it reaches higher frequencies (i.e. 
10.6GHz and 11.2 GHz).
The transition of the radiation patterns from a simple doughnut at 
the first resonance to the complicated radiation patterns at the higher 
resonances indicates that this antenna must have gone through 
major changes in its behavior but it had Omni directionality, this 
was possible because of the partial ground plane i.e. ‘g’ the gap 
between the ground plane and the patch which was a major factor 
for perfect impedance matching of the antenna, due to the proper 
impedance matching the antenna has very less reflections. As the 
impedance matching was good the radiation power and radiation 

intensity were very high. After extensive simulation study the ‘g’ 
value was fixed at 1mm

     
(i) At 3.GHz                             (ii) At 5 GHz

  
(iii) At 7.5GHz                      (iv) At 9 GHz

   
(v) At 10.6GHz                      (vi) At 11.2GHz
Fig. 2(e): 3D radiation patterns at (i) 3 GHz, (ii) 5GHz, (iii) 
7.5GHz, (iv) 9 GHz, (v) 10.6 GHz (v) 10.6GHz, (vi) 11.2GHz

The simulated current distribution patterns of the UWB antenna at 
different resonances are depicted in the fig. 2(f). It can be observed 
from the figure that the current distribution at 3GHz is indicating 
a first order harmonic, at 5GHz its indicating second harmonic. 
As frequency increases the current distribution becomes more 
complicated indicating to a third order harmonic at 10.6GHz and 
fourth order harmonic at 11.2GHz
At the first resonance the current is oscillating and having a pure 
standing wave pattern along most part of the edges of the patch. So 
the patch acts as oscillating monopole, but the variation of current 
becomes more complicated at higher frequencies. The antenna 
operates in a hybrid mode of traveling waves and standing waves 
at higher frequencies, but the ground plane on the other side of the 
substrate cannot form good slot with the patch to support traveling 
waves. Therefore the impedance matching becomes worse for the 
traveling wave dependent modes at higher frequencies 
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(i) At 3GHz                               (ii) At 5GHz

  
(iii) At 7.5GHz                         (iv) At 9GHz

                           
(v) At 10.6GHz                   (vi) At 11.2GHz
Fig. 2(f): Current Distributions at (i) 3GHz, (ii) 5GHz, (iii) 
7.5GHz, (iv) 9 GHz, (v) 10.6GHz, (vi) 11.2GHz

III. Conclusion
In this paper, we have investigated printed Semi Circular disc UWB 
monopole antenna, which is basically a printed micro strip antenna 
with the etched ground plane. Printed UWB monopole antennas 
are less fragile, planar and can be integrated with the integrated 
circuits unlike monopole antennas which have non- planar or 
protruded structures above the ground plane. In particular, we 
have simulated compact UWB monopole antenna namely Semi 
circular disc printed monopole antenna. The proposed antenna 
is compact and has higher efficiency as well as huge BW than 
present existed UWB frequency regulations. The E- plane 
radiation patterns of the monopole antenna are in the form of 8 
shapes and it is slightly tilted at higher frequencies. The H-plane 
radiation pattern has Omni- directional patterns throughout the 
frequencies of the BW. It has been observed that such monopole 
antennas are suitable for UWB operations from the CAD-FEKO 
simulation results. The printed Semi Circular disc UWB monopole 
antenna design satisfying the UWB bandwidth they have got a 
good radiation pattern almost throughout the bandwidth but as 
the frequency increase the radiation pattern is slightly distorted 
at higher frequencies.
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