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Abstract 
 
A compact CPW-fed planar monopole antenna for UWB 
applications is presented and investigated. The proposed 
antenna with a size of 17.7 mm x26 mm x 1.6 mm fed 
with a CPW feed and a slotted ground plane is developed. 
The antenna yields a -10dB bandwidth ranging from 3.1 
to 10.6 GHz with monopole like radiation pattern and 
stable gain. Design equations for the proposed antenna are 
derived and validated with different substrates. From the 
investigation of frequency domain and time domain 
characteristics, it is observed that over the entire operating 
band, antenna exhibits good transient characteristics.   

 
1. Introduction 
 
Ultra-wideband (UWB) system design and application 
have become the focus of wireless communication since 
the Federal Communications Commission (FCC) released 
the band 3.1-10.6GHz for commercial applications in 
2002 for UWB radio system [1]. Particularly, antennas are 
the challenging aspect of UWB technology. The design 
requirements of UWB antenna include stable response in 
terms of input impedance, radiation pattern, gain, etc. 
     Compact-size planar antennas have played key roles in 
achieving optimal performance in portable and mobile 
applications [2], [3]. Among them, various coplanar 
waveguide (CPW)-fed monopoles with differently shaped 
radiators are drawing more and more attention due to their 
unique characteristics of compact structure, 
omnidirectional radiation pattern, and compatibility with 
the printed circuit board (PCB) technique. U-shaped, 
circular and elliptical patches have been investigated to 
achieve a UWB bandwidth [4] – [7]. 
     In this paper, apart from designing a CPW-fed single-
layer UWB monopole radiator, two symmetrical open-
circuit stubs extended from the CPW’s ground plane are 
introduced to implement an ultra wideband radiation with 
a compact size. The two open-circuit stubs not only 
expand the original small-sized ground plane of the CPW, 
but also help to produce resonance at lower frequencies. 
The proposed antenna introduces only three resonances 
within the operating band. Antenna design and results are 
discussed elaborately in the following sections. 
 

2. Antenna Geometry  

 
    The geometry of the proposed antenna fabricated on a 

substrate of dielectric constant (εr) 4.4 and thickness (h) 
1.6mm is shown in Fig.1. The antenna consists of a CPW 
fed monopole of length L1+T+L3+L4 and width W. The 
ground plane dimensions are optimized as L1xW1. The 
ground plane is extended by side arms of dimension 
L2xW2. A rectangle of dimension L3xW3 is embedded on 
the monopole at a distance T from the ground plane. All 
the dimensions are critical and are optimized to get the 
maximum bandwidth for a compact low profile antenna. 
The top and bottom view of the proposed compact 
antenna is shown in Figure 1(a) and 1(b) respectively. 

The simulation studies are carried out using full wave   
electromagnetic simulation software Ansoft HFSS. 
Dimensions of the final antenna are given by 
L1=4mm,W1=7mm, W=3mm,L2=22mm,W2=1mm, 
L3=7mm,W3=13.8mm,L4=3mm,T=0.4mm,G=0.35mm,h=
1.6mm,εr=4.4. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
               Figure 1. Geometry of the proposed antenna  
 
 



 

3. Results and Discussion 
 
    The optimized antenna is fabricated on a substrate 
having relative dielectric constant εr =4.4 and thickness h 
= 1.6 mm with dimensions 17.7 mm x 26 mm x 1.6 mm. 
Figure 2 shows the comparison of the simulated and 
measured reflection coefficients of the proposed antenna.  
A -10dB bandwidth from 3.1 to 10.6GHz is obtained with 
resonances centered at 4.9GHz, 7.9GHz and 9.57GHz. 

Figure 2. Measured and simulated reflection coefficients 
of the antenna. 
Measured radiation pattern of the antenna at the resonant 
frequencies in two principle planes are shown in Figure. 
3. It can be seen that at all frequencies antenna gives 
omnidirectional pattern with good cross polar isolation. 

      
Figure 3 . Measured radiation patterns of the antenna at 
(a) 4.9GHz (b) 7.9 GHz and (c) 9.57GHz. 
The gain of the antenna in the entire band is also 
measured and is shown in Figure.4. Gain of the antenna is 
measured using gain comparison method. Almost flat 

response is obtained over the entire operating band with 
an  
 

       
Figure 4. Measured and simulated gain of the antenna 
 
average gain of 3.2. Simulated gain is also shown for 
comparison. 
 
4. Design 
 
A design procedure for the UWB strip antenna will be 
explained in this section. Since we are interested in the 
ultra wide band width, centre frequency of operating band 
(6.85GHz) is taken in to account while deriving the 
design equations.  
 
Obtained design equations for the antenna are 
 L1=0.15 λ0/√ εreff                               (1)  W1=0.262λ0/√ εreff                             (2)  L2=0.82 λ0/√ εreff                                (3)                         W2=0.037 λ0/√ εreff                          (4)   L3=0.262 λ0/√ εreff                            (5)  W3=0.516 λ0/√ εreff                           (6)  L4=0.112 λ0/√ εreff                            (7)  and   T=0.015 λ0/√ εreff                             (8)  
where λ0 is the wavelength corresponding to centre 
frequency of the operating band and εreff is the effective 
permittivity of the substrate. 
In order to justify the design equations, the antenna 
parameters are computed for different substrates are 
tabulated in Table 1. 



 
 
 
 
Table. 1. Computed Geometric Parameters of the 

Antenna 

 
 
. 

 
Figure.5. Reflection coefficient of the antenna for 
different substrates 
 
 
 
 

 
 
 

 
 
 
Figure 6 shows the reflection coefficients of different 
antennas as given in Table1. In all the cases antenna is 
operating in the UWB region. 
 
 
5. Time Domain Antenna Characteristics 
 
The transient characteristics of the UWB antenna are 
studied by examining the radiated UWB pulses. To do so, 
the antenna system  is modeled as a linear time invariant 
system and the transfer function is used to evaluate the 
distortion of the radiated pulse. Thus a convolution 
approach is exploited to calculate the radiated pulse. The 
measured transfer functionof the antenna is then 
transformed to the time domain by performing Inverse 
Fast Fourier Transform (IFFT). It is then convolved with 
a source pulse to obtain the radiated UWB pulse. 
Practically, only the pulses which can be easily generated 
and have low power consumption is selected as UWB 
signals. Owing to unique spectral properties, a family of 
Rayleigh (differentiated Gaussian) pulses is widely used 
as source pulse in UWB systems [8].  A 4th order 
Rayleigh pulse as an excitation/ source pulse. 

 
   The transmitted and received waveforms for the face to 
face and side by side orientations of the antenna are 
shown in Fig.6. It is clear from the figure that shape of the 
pulse is preserved very well by the antenna. 

 
Figure 6. Input and received pulses of the antenna. 
 
Group delay is an important parameter of UWB antenna 
since it gives the distortion of the transmitted pulses in the 
UWB communication. For a good pulse transmission, 
group delay should be almost constant in the UWB band. 
Fig.7 shows the plot of the measured group delay. It is 
seen that the group delay remains constant with variation 
less than two nanosecond for face to face and side by side 
orientation. This implies that antenna introduces little 
distortion to the transmitted pulse. 
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Figure 7. Measured group delay of the antenna for face to 
face and side by side orientations. 
 
5. Conclusion 
 
 In this paper, a CPW fed strip antenna is proposed for 
UWB applications. The proposed antenna with an 
extended ground plane offers a bandwidth of 3.1 – 
10.6GHz with an overall size of 17.7mm x 26mm x 
1.6mm. Performance of the proposed antenna in 
frequency and time domain are experimentally verified 
with the help of measured antenna transfer function. The 
antenna exhibits an impressive time domain response 
which makes it an attractive candidate for future UWB 
applications. 
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