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A novel tapered-slot-fed loop antenna suitable for 
ultra-wideband (UWB) applications is presented in this 
paper. Frequency domain characteristics of the antenna 
are well investigated and a measure to quantify the 
radiation patterns of such an ultra-widehand antenna is 
described. Time domain behaviors of the proposed 
antenna are derived and discussed as well. 

Kepmrdr- Ultra-wideband antennas, tapered-slot-fed, 
loop antennas. 

1. Introduction 

Ultra-widehand gnvB) techniques have experienced 
a blooming growth in the past year. While the FCC in 
United States issued the regulations for unlicensed 
applications [I], studies in various aspects including 
hardware implementation [Z], pulse shape optimization 
[3][4] and antenna designs [5]-[8] etc. have been 
performed to demonstrate the promising future of this 
technology. Unlike the conventional narrowband 
communication systems, the UWB occupies bandwidth 
of several GHz and transmits extremely short pulses 
without any carrier. Consequently, the antenna 
implemented in the UWB systems plays an important 
role than it does in any other system since it actually 
acts as a bandpass filter to reshape the spectra of the 
pulses and hence should be designed carefully to avoid 
unnecessary distortions. Several literatures discussing 
the frequency domain as well as time domain 
characteristics of the antenna for UWB applications 
have been reported [5] [6] .  Generally speaking, it is quite 
challenging to design a proper antenna to fit all the 
critical requirements of such systems including 
ultra-wide bandwidth, omnidirectional pattems, constant 
gain and linear phase over the entire band, high 
radiation efficiency, compact s u e  and easy to 
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manufacture. Recently, we introduced a novel plan,rr 
antenna that can be simply fabricated with standard 
printed circuit technology [7][8]. It consists of a unique 
ultra-wideband taper slot feed and dipole-type radiating 
elements and is proved to be adequate for U W B  
applications. While the wideband characteristics of the 
newly designed antenna are analogous to those of a 
conventional tapered slot antenna, the radiation patterns 
of that are rather uniform over the operating band. 

In this work, a novel tapered-slot-feed loop antenna is 
proposed. This new antenna can not only reduce the 
required antenna size but possess comparable 
performance to that in [7][8]. Moreover, It demonstrates 
the applicability of the feeding structure for U W B  
antennas as well. The geometry of this novel antenna is 
described in Section 11. Frequency domain as well as 
time domain characteristics of the antenna are carefully 
investigated in Sections III and N, respectively. A 
measure to quantify the radiation pattems of an antenna 
over such ultra-wide bandwidth is also described. Some 
conclusions are then drawn in Section V. 

2. Antenna Geometry 

The geometry of the proposed antenna is illustrated 
in Fig. 1. The feeding structure is attached to a 
rectangular loop with length of 55mm and width of 
IOmm. The strip width ofthe loop is kept as 10mm. The 
tapered profiles of the feeding structure are described 
with an exponential function 

where 
y = aeRoJr + b (1 )  
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Note that Ro, is the opening rate of the outer and inner 
boundary of the tapered profiles and is equal to 0.16 and 
0.21, respectively. The dimensions of the microstrip 
line-to-slotline transition as well as the opening rate of 
the tapered profiles are optimized to maximize the 
antenna bandwidth. The overall size of the antenna 
excluding the transmission line transition is less than 7.5 
by 4 cm2, The proposed antenna is simulated using 
Ansoft HFSS 8.0 and fabricated on Rogers RTiDuroid 
5880 substrate with thickness of 1.57 mm and dielectric 
constant of 2.2. The simulated and measured retum loss 
of the antenna is depicted in Fig. 2, which covers the 
whole UWB band from 3.1 to 10.6 GHz. Some little 
discrepancy between the simulated and measured results 
can be attributed to the manufacture error as well as the 
inaccuracy of the antenna model implemented in the 
simulation. 

3. Frequency Domain Characteristics 

The dominant electric field component of the 
proposed antenna in H-plane (xy-plane) is Eo component, 
which is mainly contributed by the radiating edges 
composed of the inner boundary of the tapered profile 
and segment CO of the rectangular loop. Selected 
H-plane patterns at 4, 6 and 8GHz are shown in Figs. 
3(a)-(c). As for the E-plane patterns, the proposed 
antenna exhibits dual-polarized properties and a typical 
pattern at 6GHz is shown in Fig. 3(d). 

In addition to the radiation patterns at specific 
frequencies, the uniformity of an antenna is defined to 
quantify the performance of the radiation patterns over 
such an ultra-wide bandwidth as 

UniformiMf) = p( I %,A&,-,h,J I(&) 
- I S*,."Ur (Qd) I<&) 5 6dB )(f) 

(2) 
where jS,,,,(s,#) I is the measured radiation pattern 
of the antenna under test (AUT) at a specific plane cut 
and fiequency and (om,#-) is the direction where 
maximum radiation occurs. In other words, the 
uniformity is a statistical parameter related to the 
measured radiation patterns and is defined as the 
probability that the deviation of the radiation pattern 
from its peak value is less than 6 dB (or the variation of 
that fiom its half power level is less than 3dB) at a 
specific plane cut and 6equency. The uniformity of the 
proposed antenna in H-plane is illustrated in Fig. 4. 
From the figure, we observe that the uniformity is 
greater than 0.65 in most part of the operating band, 
which is roughly acceptable for UWB applications. 

The antenna transfer function is another issue of 

concern, from which we could realize how the spectra 
of the input pulses might be modified upon the 
receiving antenna. For ideal UWB applications, the 
magnitude of the antenna transfer function should be as 
flat as possible in the operating band but drop 
dramatically outside the band to satisfy the FCC 
emission mask. Moreover, the phase response of the 
transfer function also needs to be linear over the entire 
band. In this work, the antenna transfer functions are 
evaluated by 

f f " W ( f 3 , C )  = ( 1  S*,,,(f.W) I[&) - 1  S,,,Cf) 

+ m(f) 11.4 w l / . ~ ~ + 4 % m l / l ~  
l a 0  

(3) 
where S13,4,(f,8,#) is t he .  measured frequency 
response of the AUT at angle ' (8,b) and S,,,, (f) 
is that of a standard antenna with specific gain, 
Gain, (f) , Figure 5 illustrates the magnitude of the 
measured antenna transfer functions in H-plane at 
4 = 0", 90",180",270" . All the measurements are 
performed in an anechoic chamber from 1 to l8GHz 
and a Spectrum Technologies International DRH-118 
double ridged horn is selected as the standard antenna. 
Fig. 6 illustrates the typical phase response of the 
antenna transfer fimction at 4 = 0" in H-plane. Linear 
phase response is demonstrated throughout the band. 
The antenna gain is depicted in Fig. 7. The variations of 
the gain are within 3dB over the operating band. 

4. Time Domain Responses 

Time domain properties of the proposed antenna 
are evaluated using the antenna transfer functions 
derived in the former section. In our study, the source 
pulse excited in the transmitter is assumed to be the frst 
derivative of a Gaussian function (i.e. the monocycle) 
and the overall transmitting system is taken as an ideal 
differentiator, which in turn implies the incident pulse at 
the receiving antenna terminal will he ideally the second 
derivative of a Gaussian function, 

s i ( r )  = A(l - 4 ~ ( t / T , ) 2 ) e ~ 2 " ( f ' r ~ ) ) '  (4) 

where A is a normalized constant. Figure S(a) depicts 
the waveform of the incident pulse with A = 0.1 and T, 
= 0.125ns and Figure 8(b) illustrates the spectrum of the 
incident pulse normalized to the FCC mask. The 
spectrum of the input pulse is then multiplied with the 
antenna transfer fimction and an inverse Fourier 
transform is performed to achieve the required time 
domain response. This can be expressed by 

s,(t9@,4) = 3.' {ss , ( f )  . H A m  (f,s94), n ( f ) }  
(5) 



where n (f) represents.an ideal bandpass filter fiom 
1 to 18GHz. The output waveforms at the receiving 
antenna terminal at 4 = Oo, 90°, 180°, 270” in 
H-plane are shown in Figs. 9(a) and @). Range related 
effects are calibrated in the antenna transfer functions so 
that no propagation delay is shown here. Well-behaved 
received pulses with limited distortion are proved and 
the late time ringing is insignificant. Again, it 
demonstrates the applicability of the proposed antenna 
for UWB applications. 

5. Conclusions 

A new tapered-slot-fed loop antenna has been 
proposed and proved to he suitable for ultra-widehand 
applications. The frequency domain as well as time 
domain characteristics of the antenna are well 
investigated and discussed. The applicability of the 
feeding structure for UWB antennas is thus 
demonstrated. In addition, the definition of the 
uniformity is given and proved to be helpful in 
quantifying the performance of the radiation patterns of 
such an ultra-wideband antenna. 
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Fig. 2 Simulated and measured return losses 
of the antenna. 
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Fig. 3 Measured H-plane patterns at (a) 4 GHz, (b) 6 GHz, (c) 8 GHz 

and E-plane pattern at (d) 6 GHz.. 
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Fig. 6 Measured phase response of the antenna transfer 

function at 4 = 0" in H-plane. 
Fig. I Measured antenna gain versus frequencies. 
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Fig. 8 (a) Waveform of the incident pulse. (b) Spectmm of the incident pulse normalized 

to the FCC indoor mask. 
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Fig. 9 Output waveforms at the receiving antenna terminal at (a) 4 = 0", 90" 

(h) 4 = 1 SOo, 270' in H-plane. 
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