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At least in some proposed UWB applications, the direction of the communication 
link between the two antennas is either unknown or variable. The antennas used 
for such UWB applications should radiate similar waveforms in all directions of 
interest. In this paper we compare quantitatively the radiation pattern stability 
performance of nine monopole-type UWB antennas (both printed and non-
printed) with the help of a newly proposed figure of merit called the pattern 
stability factor (PSF). A high PSF antenna means that it can be represented by a 
single direction independent transfer function in optimization schemes. We also 
determine their overall bandwidth, which is the frequency range within which 
both matching and pattern stability is very good (i.e. RL >10dB & PSF>0.95). It 
was found that the geometry of both the antenna and the ground plane has a 
significant effect on the overall bandwidth. 
 

Introduction 
The radiated waveform shape of a good UWB antenna should be the same in all 
directions of interest. This property is termed “waveform omni-directionality” in 
[2].  Such antennas can be characterized by a single normalized transfer function 
or impulse response, making system optimization, equivalent circuit modeling, 
propagation analysis [3] and pulse shaping filter design [4] much easier. 
Waveform omni-directionality is directly related to the antenna pattern stability 
with respect to frequency. It may not be feasible to realize UWB antennas with 
absolutely stable patterns; however, a quantitative figure for pattern stability 
enables one to compare UWB radiation from various antennas in a range of 
directions of interest. In this paper we use a newly proposed Pattern Stability 
Factor (PSF) to compare several probe-fed monopole UWB antennas and 
microstrip-fed printed planar monopole UWB antennas. The PSF is also used to 
determine the pattern stability bandwidth of those antennas. The PSF is defined in 
the frequency domain because UWB regulations (e.g. on bandwidth, mask level 
etc.) are specified in this domain but it also represents waveform fidelity and 
omni-directionality in the time domain. It is important to note that the PSF is 
independent of the gain of the antenna. For a good PSF, a flat gain response 
(versus frequency) is not necessary but the gain frequency response curves should 
be similar (apart for a constant) in all directions of interest. A pattern stable 
antenna fulfills this condition because, although its absolute gain pattern may 
change with frequency, the fractional change is the same in all directions of 
interest. 
 

Pattern Stability Factor 
Correlation between radiated pulses in two directions R

r
 and rr  can be written as: 
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where )(.,te  denotes time domain electric field in the far field. This ),(2 rRf
rr

 is 
independent of the amplitude of the far field. A similar expression can be written 
in the frequency domain with the help of Fourier transform and Parceval’s power 
theorem: 
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where )(.,fE  is the Fourier transform of )(.,te  and absolute value of the 
numerator is taken to make the result a real value, and BW denotes the frequency 
band of interest. The average correlation between a reference direction R

r
 and all 

other directions of interest is then obtained as 
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where the integration is w.r.t rr  over the directions of interest, denoted by Ω . The 
PSF is defined as the average of C: 
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where the integration is w.r.t the reference directions R. It indicates how radiation 
is correlated in the range of directions of interest, within the frequency band 
considered. For an antenna with ideal pattern stability, PSF=1 because 

),()(),( fRErkfrE
rrr =  where (.)k  is a constant with respect to frequency, or 
),()(),( tRertre

rrr α=  where α is a constant w.r.t. time.  
Results 

UWB antennas shown in Fig. 1 have been simulated using CST Microwave 
Studio time domain solver. Probes are placed on the H-plane to sense E-field. 
(For probe-fed antennas H-plane is the XY plane; for printed antennas it is the XZ 
plane. An ideal monopole has an omni-directional co-polar radiation pattern on 
this plane). Each antenna is excited by a modulated Gaussian pulse, band limited 
to the 10dB return loss (RL) bandwidth of the antenna. For the calculation of PSF, 
the far-field transfer function )(/),( fVfrE

r , where V(f) is the source voltage, is 
used so the results are independent of the excitation pulse. PSF values on the H-
plane over the entire RL bandwidth are given in Table 1. PSF values over a 
narrower frequency range are usually higher then these values. (Note that over a 
very narrow frequency range, PSF is almost 1 for any antenna.) We somewhat 
arbitrarily defined the UWB antenna PSF bandwidth as the frequency range 
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within which PSF = 0.95, and the UWB antenna overall bandwidth as the range in 
which PSF = 0.95 and RL >10 dB. The overall bandwidths of the 9 antennas are 
plotted in Fig. 2, considering the lower limit of the band as the independent 
variable. Since the overall bandwidth is always bounded by the upper limit of the 
RL bandwidth, a straight line means 1:1 RL bandwidth to PSF bandwidth ratio.  
 

UWB 
Antenna 

10dB RL 
Bandwidth (GHz) 

PSF on 
H-plane 

Triangular Ring (TRA) 5.0-10.0 0.936 
Triangular (TA) 5.0-10.0 0.947 

Square (SA) 6.5-10.6 0.941 
Square with Window (SAW) 6.5-10.6 0.891 

Printed Circular (PCA) 3.1-9.0 0.847 
Circular planar monopole on square ground (CSG) 3.1-10.6 0.873 

Cross planar monopole (CPM) 3.1-10.6 0.983 
Circular planar monopole on circular ground (CCG) 3.1-10.6 0.878 

Conical monopole (CMA) 6.0-10.6 0.998 
 

Table 1 PSF on the H-plane over the entire 10dB return-loss bandwidth 
Conical monopole and cross-planar monopole have the highest stability due to 
their improved rotational symmetry, which leads to nearly or exactly omni-
directional patterns on the H-plane at all frequencies. Their PSF is > 0.95 over the 
entire RL bandwidth. For all other antennas the overall bandwidth is less than the 
RL bandwidth, as shown in fig. 2. The shape of the ground plane is also 
important. The edge diffraction from a circular ground plane is more symmetrical 
with respect to the angle of observation compared to a square ground. Therefore, 
for the same radiating element a circular ground plane performs better than a 
relatively larger square ground plane. Even though the PSF improvement is small, 
the maximum overall bandwidth has improved by about 2GHz. Also note that 
creating a ground plane window near the square monopole does not affect the 
impedance bandwidth, but it brings down the PSF bandwidth by about 1GHz.  
PSF of printed monopoles are > 0.9, apart for the circular antenna and windowed 
square monopole. Note that square and triangular printed antennas are electrically 
small compared to the probe-fed antennas considered here. Usually the largest 
dimension determines the lower limit of RL bandwidth. Therefore, RL 
bandwidths of the printed antennas are relatively smaller than those of probe-fed 
monopoles. The printed circular monopole has dimensions comparable to the 
circular planar monopole on circular ground. Good overall performance is 
recorded by triangular shaped antennas [5] due to their small size.   
 

Conclusion 
The PSF is useful to quantitatively compare pattern performance of UWB 
antennas available for a given application. Its calculation is simple. Although the 
whole H-plane is considered in this example analysis, any range of directions can 
be used in PSF calculations depending on the application. Furthermore, a 
frequency-domain weighing function can be included in equation (2), to represent 
spectral limits such as FCC UWB mask. PSF bandwidth and overall bandwidth 
calculations, which indicate the best operating frequency range of a given UWB 
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antenna, are also useful when designing and optimizing antennas for UWB 
applications. Our results indicate that the overall bandwidth is significantly 
affected by the size and geometry of the antenna, the ground plane as well as any 
near-field scatterers. It is also possible to trace the pattern stable beam of a UWB 
antenna using a similar method. 
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Figure 1 UWB monopole antennas analysed in this paper (see Table 1 for abbreviations) 

 
Figure 2  Overall (0.95 PSF & RL > 10 dB) bandwidth  for co-polar radiation on the H-plane  
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