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Abstract— In recent years, the UWB filters and UWB antennas have attracted much research
interest and many design methods have been presented. At present, the research of typical
band notched filter for suppressing narrow-band interference signal, by adjusting the number
and width of notched stop-band, which is not systematic and deep enough. This paper proposed
two compact UWB band pass filters based on open-loaded stub structure. The main advantages
of two proposed filters are that the frequency of the notched band can be easily tuned in a wide
UWB frequency band. The notch frequency of two filters can be changed by adjusting the size
of rectangular resonator and the length of the open-load stub. The simulation results indicated
that the filter with one open-load stub can cover the UWB frequency range and enhance the
interference immunity from 4.7GHz to 5.3 GHz in low frequency and from 8.8GHz to 9.8 GHz in
high frequency. The filter with two open-load stubs can generate two notch bands from 5.4GHz to
5.6GHz in low frequency and 9.3GHz to 9.6 GHz in high frequency. The proposed two compact
UWB band pass filters can efficiently reduce the interference from undesired signals in WLAN
band and in X-band with certain application prospects.

1. INTRODUCTION

Since the FCC announced the unlicensed UWB (ultra-wide band) band from 3.1 GHz to 10.6 GHz
for short-range communication in 2002, UWB technology has become an important research area [1].
Many scholars have studied the UWB filter and the UWB antenna, according to the UWB filter
design requirements such as compact structure, small size, good group delay, wide bandwidth
and so on. In the UWB frequency range, there are some narrow-band wireless communication
systems, such as the WiMAX from 3.3GHz to 3.6GHz, WLAN from 5.15GHz to 5.825GHz, RFID
signals at 6.1 GHz, the C-band from 4GHz to 8 GHz and X-band from 8GHz to 12 GHz in satellite
communication system. In order to avoid the signal interference for UWB communication systems,
more and more the UWB filters and UWB antennas with notch characteristics were designed
to suppress interference performance. Different methods and structures have been proposed to
implement UWB filter, such as asymmetric structure [2], DGS structure [3], loaded open stubs
structure [4] and an etching slot structure [5]. At UWB antenna design, Yingsong Li used a comb
structure to design UWB antenna [6], the slotted structure in [7], the L-type grooved structure
in [8], the U-type grooved structure in [9], the H-type structure in [10] to design the notch antenna.
Although most of these ultra-wide band BPF segments are suitable for certain frequencies [11, 12],
they have some defects, such as poor group delay performance and complex filter structure.

In this paper, two novel compact band notched UWB filters based on open-load stub structure
are presented. The main advantage of the proposed filters is that the frequency of the notched
band can be adjusted within the UWB frequency range, so that the filters can efficiently reduce
the interference in WLAN band and in X-band.

2. FILTER DESIGN

The proposed filter with one open-load stub has designed on the basis of [13] and formed the
resonator to achieve the low frequency notch band, which has used the open-load stub to achieve
the high frequency notch band. The basic filter has four short-circuited stubs with length of λ/4,
where λ is the guide wavelength of the central frequency. To reduce the size of the filter, the
proposed BPF has been designed with fold branch to instead of the general branch. It can be seen
that the performance of basic UWB filter is shown in Fig. 1. It can obtain good passband property
with the UWB band range from 3.3 GHz to 10.9GHz is shown in Fig. 2. The filter with one open-
load stub is shown in Fig. 3. It consists of cavity and open-load stub at the central section. Based
on the surface current analysis of the filter with one open-load stub, the paper further propose filter
with two open-load stubs, which is shown in Fig. 4.
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Figure 1: UWB BPF without notch structure. Figure 2: S-parameters of UWB BPF without notch
structure.

Figure 3: Configuration of the proposed UWB filter
with one open-load stub.

Figure 4: Configuration of the proposed UWB filter
with two open-load stubs.

3. SIMULATION RESULTS AND DISCUSSION

The design S parameters is optimized by 3D EM commercial software HFSS 13.0. To verify the
effectiveness of two proposed filters, the structure of two proposed band notched UWB filter are
selected as follows: L1 = 5mm, L2 = 14 mm, L3 = 4mm, L4 = 5.3mm, L6 = 2 mm, L8 = 2 mm,
R1 = 0.1 mm, W1 = 1.7mm, W2 = 3 mm, W3 = 0.3mm, W4 = 1.4mm, W8 = 0.3mm. The
substrate is RT/Duorid5880 with the thickness of 1.0mm and the dielectric constant of 2.2. The
UWB filter with one open-load stub has two notch frequency bands at 5.1GHz and 9.3 GHz while
retaining an UWB band from 3.1 GHz to 10.7 GHz. The low notch central frequency of the filter
with two open-load stubs is at 5.3GHz and the high notch central frequency is at 9.4 GHz.

Figure 5: The simulated |S11| and |S21| of the BPF
filter with one open-load stub.

Figure 6: The simulated |S11| and |S21| of the BPF
filter with two open-load stubs.
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The Fig. 5 shows the simulated |S11| and |S21| of the filter with one open-load stub when
L8 = 2 mm, L6 = 2mm, which can generate two narrow notched bands inside the wide-band
passband. Its low notch frequency is 5.1 GHz and its high notch frequency is 9.3GHz. The Fig. 6
shows the simulated |S11| and |S21| of the filter with two open-load stubs when L8 = 2 mm,
L6 = 2 mm, W4 = 1.4mm, which can generate two narrow notched bands at 5.3GHz in low
frequency and at 9.4 GHz in high frequency. By comparing Fig. 5 and Fig. 6, the performance of
the filter with two open-load stubs is better than the filter with one open-load stub. The lowest
notch point of |S21| changes from −30 dB to −37 dB, notch bandwidth of −20 dB is near 240MHz
and the in-band ripple is small.

The Fig. 7 shows that L8 = 2 mm, L6 = 1.6mm, L6 = 1.8mm, L6 = 2.0 mm, with the increase
of the length of L6, the notch frequency of the BPF filter with one open-load stub is reduced. As
shown in Fig. 8, when L6 of the BPF filter with two open-load stubs increased from 1.6mm to
2mm, the notch central frequency of |S21| in high frequency decreased from 9.6 GHz to 9.3 GHz.
The notch central frequency of |S21| in high frequency decreased with the increasing of L6. The
lowest notch point of |S21| changes from −30 dB to −37 dB. The filter with two open-load stubs
can generate two notch bands from 5.4 GHz to 5.6 GHz in low frequency and 9.3 GHz to 9.6 GHz
in high frequency.

The Fig. 9 shows the |S21| of the filter for different L6 with L8 = 2 mm, L8 is the length of the
open-load stub. By increasing the length of L6 from 1.4 mm to 2.6 mm, which can continue to lower
the central frequencies of two notch bands, the filter can achieve low frequency notch band between
4.7GHz to 5.3GHz and high frequency notch band between 8.8 GHz to 9.8GHz. The Fig. 10 shows
that L6 = 2 mm, L8 = 1 mm, L8 = 2mm, L8 = 3 mm, when the length of L8 is increased, the two
notch frequencies are reduced. The low notch frequency and the high notch frequency both can be
dominated by adjusting the length of L6 and L8. By adjusting the length of L6, the filter with one
open-load stub can change the resonant frequency of resonator. By changing the open stubs length

Figure 7: Simulated |S11| and |S21| of the BPF filter
with one open-load stub for different L6 with L8 =
2mm.

Figure 8: Simulated |S11| and |S21| of the BPF filter
with two open-load stubs for different W4 with L6 =
2mm.

Figure 9: Simulated |S21| of the BPF filter with one
open-load stub for different L6 with L8 = 2 mm.

Figure 10: Simulated |S11| and |S21| of the BPF
filter with one open-load stub for different L8 with
L6 = 2 mm.
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of L8, the filter with one open-load stub can change the resonance characteristics and the coupling
between the open stub and the resonator.

4. CONCLUSION

In this paper, two compact UWB filters have been proposed. The performance of the filter with
two open-load stubs is better than the filter with one open-load stub. Both two compact UWB
filters achieved wide passband with dual notched bands by changing the length of the open-load
stub structure. The predicted results were confirmed by the simulation experiment, where the low
notch frequency and the high notch frequency can be changed respectively. The filter with one
open-load stub can enhance the interference immunity from 5.15 GHz to 5.3 GHz in WLAN and
8.8GHz to 9.8GHz in X-band with certain application prospects. The filter with two open-load
stubs can generate two notch bands from 5.4GHz to 5.6 GHz in WLAN and 9.3GHz to 9.6 GHz in
X-band with certain application prospects.
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