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1. Introduction 
 The antenna design in ultra-wideband (UWB) radio system requires the minimum distortion 
of impulse signal because it transmits very short pulses on the order of a nanosecond in duration 
without any carrier and occupies very large bandwidth of 7.5 GHz [1]. Therefore, the antenna for 
impulse UWB communications is necessary to possess a clean impulse response (constant 
magnitude and phase linearity). The antenna that meets these requirements will radiate a signal 
which is only a time derivative of the input signal [2]. As a result, antenna plays an important role in 
the UWB system. Currently, most of works about UWB system concentrate on the impulse 
communication after FCC report and order for part 15 was issued. The primary application of UWB 
is Wireless Personal Area Network (WPAN) with a small coverage area of less than 10 m in radius. 
These coverage areas depend on the operational mode such as high data rate (HDR) and low data 
rate/location tracking (LDR/LT) [3]. The development of UWB technology has greatly accelerated. 
Most of researches about UWB antennas obtained omnidirectional pattern due to their applications 
in mobile device. There are many types of these antennas in literature such as various planar 
monopoles protruded from perpendicular ground plane [4]-[6]. These antennas are ease fabrication 
but their structures are not low profile. To obtain low-profile structure, the planar monopole fed by 
coplanar waveguide [7]-[9], microstrip line [10], and microstrip line feed [11] are extensively 
conducted. The advantage of these antennas is that they are flat and convenient to integrate with 
electronic circuits. For some specific applications with long path area, such as on corridors, railways 
and streets, a bidirectional antenna is preferable to employ than an omnidirectional one due to their 
capability of expanding the coverage area in azimuth direction. This paper proposes an ultra-
wideband antenna using circular microstrip with tuning stub fed by microstrip line above wide-slot 
ground plane. The antenna structure is flat, and its design is simple and straightforward. The 
simulation is carried out by CST program. The antenna measurements were set up to measure the 
return loss, radiation pattern and gain along the bandwidth. 
 
2. Antenna Description 
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Figure 1: Geometry of the proposed antenna  
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 Let us consider Fig.1, the antenna structure consists of the circular patch of the radius a 
with the tuning stub of the width t1 and the length W2. This stub is used for adjusting the impedance 
matching. This patch is fed by the microstrip line of the width W3 and length L2+t2.These structures 
mounted on the dielectric substrate with the dielectric constant of εr and the height h. The substrate 
is located on the ground plane of the width W and the length L. This ground plane is cut to form the 
wide-slot ground plane. The distances between the top and bottom sides of the ground to the slot are 
L1 and L2, respectively. The distance between the left and right sides of the ground to the slot is W1. 
 The antenna design is based on the conventional transmission line model. The desired 
bandwidth is 3.1-10.6 GHz. Therefore the radius of circular patch is designed to resonate at the 
middle band of 6.8 GHz. The tuning stub is used to improve the level of return loss. The microstrip 
line is designed to provide 50 Ohm at the operating frequency of 6.8 GHz. The dimension of the 
wide-slot ground plane is varied to enhance the bandwidth. The parametric study of the antenna is 
omitted for brevity the resultant of design parameters are tabulated in table1. 
 
3. Results 
 The prototype antenna that the parameters are tabulated in Table 1 was fabricated as shown 
in Fig.2. 
 

  
   (a) Front view    (b) Rear view 

 
Figure 2: Prototype antenna 

 
 The antenna measurement was set up to measure the return loss, radiation pattern and gain. 
Fig.3 shows the measured return loss compared with the simulation. It is found that the results are 
reasonable agreement. The discrepancy is expected from the fabrication error. The bandwidth of 
return loss better than 10 dB covers 2.8-15.3 GHz from the simulation and 2.8-14.1 GHz from the 
measurement. This frequency range is efficiently wide for FCC Report and Order for Part 15. The 
radiation patterns along the frequency range were measured. Fig.4(a)-(c) show the radiation pattern 
in E-plane of this antenna at 3.1, 6.8 and 10.6 GHz, respectively, whereas Fig.5(a)-(c) show the H-
plane counterpart. The bidirectional patterns along these frequencies are obtained. The simulated 
and experimental results are in good agreements. 
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 Table 1: Design parameters 
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 Figure 3: Simulated and Measured |S11| 
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Figure 4: Simulated and Measured E-plane patterns 
 

 

60°
90°

30°

0°

30°

60°

90°

120°

150°

180°

150°

120°

-30 dB

-20 dB

-10 dB

0 dB

Simulated
Measured  

60°
90°

30°

0°

30°

60°

90°

120°

150°

180°

150°

120°

-30 dB

-20 dB

-10 dB

0 dB

Simulated
Measured  

       (a) 3.1 GHz        (b) 6.8 GHz         (c) 10.6 GHz 
 

Figure 5: Simulated and Measured H-plane patterns 
 

 The antenna gain of boresight direction at the frequency of 3-11 GHz was measured as 
shown in Fig.6. It is found that the gain of 4.4 dBi is obtained at 3.1 GHz. The variation of gain 
along the frequency of 3-11 GHz is similar to minus sine curve. The minimum and maximum gains 
of 2.8 and 6.8 dBi at the frequency of 5.0 and 9.0 GHz are observed. The average gain is 5.0 dBi. It 
is found that the gain is lowest because the beam is shifted from boresight direction and the gain is 
highest due to the narrow beam at that frequency. 

Parameters Size(mm) 
L 60  
W 60 
t1 2 
t2 1 
r 5 

W2 6 
L1 18 
L2 10 
εr 4.4 
h 1 
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Figure 6: Measured antenna gain 

 
 
4. Conclusions 
 This paper proposes an ultra-wideband antenna using circular microstrip with tuning stub 
fed by microstrip line above wide-slot ground plane. The antenna structure is flat, and its design is 
simple and straightforward. The simulation is carried out by CST program. The antenna 
measurements were set up to measure the return loss, radiation pattern and gain along the 
bandwidth. The bandwidth over 3.0-10.6 GHz is obtained. The bidirectional pattern without side 
lobe is achieved. The average gain is around 5 dBi. 
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