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Abstract  —  A multiple band-notched planar monopole 
antenna for multi-band wireless systems is presented. The 
proposed antenna consists of a wideband planar monopole 
antenna and the multiple U-shape slots, producing band-
notched characteristics. In order to generate two band-
notched characteristics, we propose that three U-shape slots 
are required. This technique is suitable for creating ultra-
wideband (UWB) antenna with narrow frequency notches 
or for creating multi-band antennas.  

I. INTRODUCTION

A variety of techniques have been used to create multi-
band antennas. A typical multi-band antenna, which is a 
composite structure of narrow band resonant components, 
has a great difficulty in design because of the 
sophisticated structure and extremely sensitive 
impedance bandwidth. Such an antenna performs the 
complex process case by case about the required 
frequency band [1].  Another technique for a multi-band 
antenna design is to create a wideband antenna that is 
responsive to multiple bands of interests.  

With the advent of ultra-wideband technology, 
wideband planar monopole antennas have received 
increased attention [2-4]. These antennas exhibit good 
impedance matching, stable radiation patterns, and high 
efficiency over bandwidths suitable for use with 
wideband system. Due to collocation of the wideband 
system with frequency bands reserved for narrowband 
wireless technologies, there is a need in the wideband 
device to provide filtering in those bands to avoid 
interference from or causing interference to narrowband 
devices. In [5-7], it was shown that by etching a 
particular feature in the interior of the radiating element, 
a planar monopole can exhibit a single narrow frequency 
notch band while maintaining wideband performance. 

In this paper, we explore the ability to achieve multiple 
band-notched characteristics in wideband planar 
monopole. The concept of multiple band-notched antenna 
system is illustrated in Figure 1. The ability to provide 
this function in the antenna can significantly relax the 
requirements imposed upon the filtering electronics 
within the wireless device. The proposed antenna is 
fabricated and studied. 

II. ANTENNA DESIGN

Figure 2 shows the proposed antenna, which consisting 
of a planar monopole antenna and multiple half 
wavelength U-shape slots. The planar monopole antenna  

Fig. 1. (a) A multi-band antenna system combines a 
wideband element with notch filters (b) the proposed multiple 
band-notched antenna system. 

Fig. 2. Geometry of the proposed multiple band-notched 
planar monopole antenna. 

was initially proposed in [2] and further studied in [3] 
and [4]. There are a number of parameters that influence 
the bandwidth; these include the size of planar monopole, 
the feeding gap, the beveling and the size of the ground 
plane. Prototype antennas were fabricated and mounted 
on a circular finite ground plane with radius 75mm. A 
50ohms SMA connector, centrally mounted from the 
back of the ground plane, was used to excite the antenna. 
A copper planar element of thickness, 0.2mm, size, 20 x 
27 mm2 and beveling angle, 12o, are vertically mounted 
at spacing   G = 1mm over the circular ground plane.  



Fig. 3. Measured and simulated return loss versus frequency : 
(a) without slot (reference antenna), (b),(c) and (d) with slots 

Fig. 4. Return losses for the proposed antenna with various 
U-shape slot lengths L1 and L2. 

To implement the multiple band-notched antenna, the 
half wavelength U-shape slots are symmetrically inserted 
in the center of the planar element. Therefore, in order to 
generate the two band-notched characteristics, we 
propose that three U-shape slots are required.   

III. EXPERIMENTAL RESULTS

Figure 3 shows the measured and simulated return loss 
(S11) for the proposed antenna. The dimensions of the   
L1, L2, C1, C2, B and t  are determined to be 25.0mm, 
16.0mm, 1.0mm, 3.0mm, 2.0mm and 0.5mm  in this 
study. For the reference antenna, shown in Figure 3 (a), 
the impedance bandwidth defined by 10 dB return loss is 
about 3.7GHz (from 2.0 to 5.7GHz). From the measured 
return loss, we can observe that the center U-shape slot 
makes one notch band at 3.03GHz and the other U-shape 
slots, which are same and symmetric, make the other 
notch band at 4.78GHz. Note that the effect of mutual 
coupling between notch bands is little. The etched feature 
becomes resonant at the frequency where the length 
L1(2) is the quarter wavelength. 

Fig. 5. Measureed radiation patterns at 4.0GHz passband 
frequency for the proposed antenna. 

Fig. 6. Measured radiation patterns at 4.78GHz notch 
frequency for the proposed antenna.

As described in [7], at the notch frequency, current is 
concentrated around at the top of the slot and is 
oppositely directed between the interior and exterior of 
the slot. This causes the antenna to operate in a 
transmission line-like mode, which transforms the nearly 
zero impedance at the top of the slot to high impedance at 
the antenna feeding point. This high impedance at the 
feeding point leads to the desired high attenuation and 
impedance mismatching near the notch frequency. It is 
also noted that good agreement between the measured 
data and the simulated results, which are obtained using 
the CST microwave studio, is observed. Figure 4 shows 
the simulated results for the proposed antenna with 
various values of L1 and L2. It can be concluded that the 
notch bands for the proposed antenna are indeed 
controlled by the U-shape slots. The radiation patterns of 
the proposed antenna were also studied. Figures 5 and 6  
plot the radiation patterns at  4.0GHz and 4.78GHz, 
respectively. The radiation patterns at 4.0GHz are for the 
passband frequency. And the radiation patterns at 
4.78GHz are for the notch frequency. 



Fig. 7. Measured transmission loss

The radiation patterns at the passband frequency at 
4.0GHz are about the same as those of the reference 
antenna, that is, the antenna without U-shape slot.  In the 
case of the notch frequency at 4.78GHz, it is noted that 
the antenna radiation gain reduction due to the U-shape 
slot is more than approximately 10-15dB in the y-z plane 
in the direction of maximum gain. Also, it is noted that 
the band-notch characteristics are asymmetry in the 
radiation patterns. Figure 7 shows the measured and 
simulated transmission loss S21 in the boresight 
direction( =0 in yz plane) and on-edge direction ( =0  in 
xz plane). The distance between the two antennas is 
30cm. From the measured transmission loss, it can be 
seen that the relative attenuations S21(with~notch)}/S21(ref) by 
using two with/without notched antennas are in excess of 
20dB at the notch bands, and that the attenuation outside 
of the notch bands is small. For the lower frequencies in 
the operating band, the antenna gain in general increases 
with frequency (from about 4 to 6.5dBi), while for higher 

frequencies in the operation band, a stable antenna gain is 
about 6.5dBi. 

IV. CONCLUSION

In this paper, the multiple band-notched planar 
monopole antenna  has been proposed and a constructed 
prototype having a wideband operating frequency with 
two band-notched characteristics at 3.03GHz and 
4.78GHz has been fabricated and tested. 
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