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Abstract — Two new printed-circuit antennas for ultra-wideband 
(UWB) monitoring applications are introduced. Both microstrip 
and coplanar waveguide antennas operate between 3 GHz and 30 
GHz with a return loss of 10 dB. The vertically polarized 
omnidirectional radiation characteristics in the lower frequency 
band change to a more directional pattern at higher frequencies. 
The cross-polar field component increases with frequency and 
gives rise to possible dual-polarized applications for the 
microstrip antenna. Overall, the coplanar antenna shows slightly 
better performance. Amplitude and group-delay responses are 
demonstrated over the entire 3-30 GHz band, and radiation 
patterns at selected frequencies are shown.  

I. INTRODUCTION 
As wireless data transmission applications are increasing in 

number and in frequency, e.g. up to 60 GHz [1], there is an 
obvious need for proper monitoring equipment in order to 
enforce standards or investigate related topics. The range of 
sensor and monitoring applications is wide-spread and 
addresses issues such as EIRP compliance [2], immunity tests 
[3], interference [4], high-power microwave detection [5], 
health-related testing [6], [7], and many more. 

Therefore, associated test equipment for sensing and 
monitoring are developed. Such systems must have ultra-
wideband (UWB) performance in order to detect 
electromagnetic emissions in a wide range of frequencies. 
Sensor networks for wireless applications have been proposed, 
e.g. [8], and EMC testing equipment for mobile phones is 
being developed, e.g. [9]. Recently, a system for EMI 
measurements up to 26 GHz has been presented [10]. 

Within such testing systems, the UWB antenna is of special 
importance as it must provide the bandwidth for an often 
multi-band receiver system. For initial tests and certification 
procedures, TEM horns can be used in chamber measurement 
setups, e.g. [11]. For mobile monitoring, however, printed-
circuit antennas are more appropriate, and a large number of 
printed-circuit antennas have been developed within the last 
several years, e.g. [12], [13].  

However, many designs are confined to the 3-10 GHz 
range for compliance with the FCC approved bandwidth. Only 
rarely and more recently have monopole-type antennas been 
presented that extend the applicable frequency range to 20 
GHz [14], 30 GHz [15], 40 GHz [16], 50 GHz [17] and even 
60 GHz [18]. Common to most of these applications is a 
printed-circuit monopole whose return loss has been 
optimized to cover a much larger band that the originally 3-10 

GHz range, but whose change in pattern characteristics over 
the wider band has been accepted as unavoidable.  

This paper presents two new designs, one in microstrip and 
one in coplanar waveguide (CPW) technology, with 
capabilities up to 30 GHz, thus covering, for instance, the 3.1-
10.7 GHz band as well as that for vehicular radar between 20 
GHz and 29 GHz. Their geometries are similar to known 3-10 
GHz UWB antennas but their frequency range has been 
significantly increased. 

II. DESIGN 
A relatively large number of published printed-circuit 

UWB antennas consists of a microstrip-line-fed metalized and 
arbitrarily shaped patch over a removed ground plane. Our 
design procedure starts with a hexagon whose corner points 
are located on a circle. Using a time-domain technique (CST 
Microwave Studio) and feeding an UWB pulse to the input of 
the microstrip (or CPW) line, the reflected wave is Fourier 
transformed and the reflection coefficient monitored over a 
wide frequency range. For a given substrate, i.e., RT/Duroid 
6002 with εr=2.94 and 0.762mm (30 mil) thickness, and 
characteristic impedance of 50 Ω of the feeding transmission 
line, the corners of the hexagon and angle of the ground plane 
are varied until the reflection coefficient is better than 10 dB 
over the frequency range in question. 

  
                           (a)                                                        (b) 
Fig. 1  Schematic views and coordinate system of printed-circuit UWB 
antennas in microstrip (a) and CPW (b) technologies. Units are in millimetres. 
 

Fig.1 shows the configurations and dimensional parameters 
of the UWB antenna structures in microstrip and CPW 
technologies. The gaps between the centre conductor and the 
ground planes in CPW technology (Fig. 1b) is selected as 0.2 
mm for manufacturing purposes. In addition, the input coaxial 
feed line has inner and outer diameters of 1 mm and 3.3 mm, 
respectively, separated by Teflon material. Note that the 
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coaxial cable is included in all simulations as it presents, first, 
a non-negligible reflection at its interface to the printed-circuit 
board and, secondly, connects the two ground planes in the 
CPW design (Fig. 1b).  

III. RESULTS 
Fig. 2 shows the reflection coefficients of both the 

microstrip and CPW antennas. Between 2.8 GHz and 30 GHz, 
|S11| is less than -10dB, thus validating the design procedure to 
obtain a broadband match.   

 
Fig. 2   Reflection coefficients in dB of the microstrip (solid line) and CPW 
(dashed line) UWB antennas. Units are in millimetres. 
 

In order to compute the amplitude and phase responses, a 
probe is located in the far field of the antenna. The pulse fed 
to the input of the antenna and that received by the probe are 
Fourier transformed and their amplitude and phase relation 
ship extracted. The phase information is usually presented as 
group delay, the derivative of the phase response with respect 
to angular frequency. The results are presented here only for a 
single preferred direction as the analysis over an entire sphere 
requires modelling of a large structure (due to low-frequency 
far-field conditions) or establishing multi-scale dimensions. 

Fig. 3 shows the amplitude and group delay plots over the 
entire frequency range. The probe is located at θ=90 and φ=90 
degrees which is the right horizontal direction in Fig. 1. The 
low amplitude level in Fig. 3a is due to the extremely small 
size of the probe and its omnidirectional characteristic. While 
the vertical polarization Eθ of both antennas is reasonably 
constant over the entire frequency range, the horizontal (cross) 
polarization Eφ  increases with frequency and, between 26 
GHz and 28 GHz, shows levels in the same order of 
magnitude for the microstrip antenna. This would permit the 
use of dual-polarized applications if required, especially since 
also the group delay (Fig. 3b) is almost identical in this 
narrow frequency range. Note that the cross polarization of the 
microstrip antenna is usually higher because this polarization 
is present in the microstrip feed but absent from that of the 
CPW.  

In general, the group delay performance is much flatter for 
vertical than horizontal polarization. The variations are 250ps 

and 700ps, respectively, for the microstrip antenna (Fig. 3b) 
and 180ps and 950ps, respectively, for the CPW antenna (Fig. 
3c). This performance is comparable to many other printed-
circuit UWB antennas, albeit their group delay responses are 
confined to a much smaller frequency range - the regular 3-10 
GHz region.  

 
(a) 

 
(b) 

 
(c) 

Fig. 3  Responses of microstrip and CPW UWB antennas; amplitude 
responses (a), and group delay of the microstrip  (b) and CPW (c) antennas.  
 

Fig. 4 shows the E-plane radiation characteristics of the 
microstrip antenna for 14 different frequencies. It is obvious 
that in the lower frequency range, the antenna behaves like a 
typical monopole whereas towards higher frequencies, the 
number of minima increases due to the reducing wavelength.  
A similar observation can be made for the CPW antenna (Fig. 
5). It is important to note, though, that radiation in the θ=±90 
degree directions is always present for both antennas. H-plane 
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radiation patterns are omitted here for lack of space. Their 
characteristics are close to omnidirectional in the lower 
frequency range but show an increasing number of minima in 
the upper and lower direction (c.f. Fig. 1) as the frequency 
increases. Thus the characteristics change to a more 
directional pattern with progressing frequency.  
 

 

 
Fig. 4   E-plane radiation patterns of the microstrip UWB antenna. 

 
It is difficult to present gain plots for a UWB antenna as the 

direction of the main beam changes with frequency. Therefore, 
we adopted two approaches. The first one shows the vertically 
polarized gains in specific planes. In Fig. 6 we plot the 
maximum E-plane gain obtained at varying angles θ in the E-
plane at φ=90 degrees, i.e., the yz plane in Fig. 1. The H-plane 
gain is the maximum gain at varying angles φ at θ=90 degrees, 
i.e., the xy plane. Both microstrip and CPW antennas in Fig. 
6a and Fig. 6b, respectively, show variations typical of UWB 
antennas, and the average gain increases with frequency. Note 
that gain values below 0 dB in the lower frequency range 
indicate that the direction of maximum gain might have 
shifted to a direction different from angles in the E- or H-
planes. 

The second approach consists in presenting the vertically 
polarized gain in a preferred direction and is termed ‘realized 
gain’. The related data is shown in Fig. 7 for the θ=φ=90 
degree direction. This gain varies rapidly for both antennas 
but  shows better results for the CPW antenna.  Note that a dip  

 

 
Fig. 5   E-plane radiation patterns of the CPW UWB antenna. 

 
 

 
(a) 

 
(b) 

Fig. 6   Maximum gain performances for microstrip (a) and CPW (b) antennas 
as the probe moves along the E- and H planes. 
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occurs for the microstrip antenna in Fig. 7 (at 27 GHz) which 
is the same frequency where previously a dual-polarization 
operation was envisaged. It is thus obvious that the microstrip 
antenna’s co-polarized (vertically polarized) gain drops as half 
of the power is already radiated in the cross-polar (horizontal) 
direction. For remote monitoring or surveillance purposes, 
though, it is vital that the antenna receives a signal. Its actual 
strength is of secondary importance. 

 
Fig. 7   Realized gain performances of the main electric field (Eθ) for both 
antennas, while the probe is located at θ=90 and φ=90. 

IV. CONCLUSIONS 
The two new printed-circuit antennas for ultra-wideband 

(UWB) monitoring applications are shown to operate between 
3 GHz and 30 GHz with a return loss of 10 dB. Their 
amplitude and group delay performances are acceptable and 
compare well with other UWB printed-circuit antennas which 
have previously been presented for only the 3-10 GHz 
frequency range. The gain of both antennas, however, varies 
drastically in specific directions and/or planes, since the main 
beam or multiple main beams change directions with 
frequency. It is thus expected that such antennas be mobile 
when employed in monitoring or surveillance equipment. The 
microstrip antenna shows possibility of dual-polarized 
applications in the higher frequency range, but the coplanar 
antenna demonstrates slightly better amplitude, group delay 
and gain performance overall. 
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