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Abstract ─ A compact ultra-wideband (UWB) 
bandpass filter with two controllable highly 
selective notched bands is presented. The modified 
stepped impedance resonator (SIR) and two 
interdigital feed-lines realize the UWB passband. 
The loaded stubs at each side of the modified SIR 
and the U-shaped slot on the ground plane produce 
two notched bands at desired frequencies without 
increasing the total size of the filter. High 
performance achieved by the proposed UWB filter 
is validated by both simulations and 
measurements. 
  
Index Terms - Ultra-wideband (UWB), bandpass 
filter (BPF), stepped-impedance resonator (SIR), 
defected ground structure.  
 

I. INTRODUCTION 
In recent years, due to the attractive merits 

such as high speed date transmission rate, low 
power operation, and large data capacity, ultra-
wideband (UWB) technology has attracted much 
attention since the Federal Communication 
Commission (FCC) released the frequency 
spectrum from 3.1 to 10.6 GHz for commercial 
applications in 2002 [1]. Filters [2-5] are the key 
components in UWB systems. Many researchers 
have explored various UWB bandpass filters via 
different methods: a ring resonator connected by a 
stub [6]; multiple-mode resonator [7]; short-
circuited coplanar waveguide (CPW) multiple-
mode resonator [8]. It is well known that there are 
some undesired narrow band RF signals such as 
wireless local-area network (WLAN) radio signals 
within the UWB frequency range. Thus, there is an 
increasing requirement in UWB bandpass filters 

and antennas with one or multiple notched bands 
within the allocated UWB spectrum [9-14].  

This paper presents a UWB filter using the 
modified stepped impedance resonator (SIR) and 
two interdigital feed-lines. Two controllable 
highly selective notched bands within the UWB 
passband are generated by respectively using 
loaded stubs at each side of the modified SIR and 
etching a U-shaped slot on the ground plane. 
Characteristics of such a filter are studied and a 
demonstrator is validated by simulations and 
measurements.   
 

II. NOTCHED BANDS DESIGN 
In our initial works [15], a UWB bandpass 

filter with one controllable notched band within 
the UWB passband is realized by using a stub-
loaded modified SIR and two identical interdigital 
feed-lines, as shown in Fig. 1(a) except the U-
shaped slot. The UWB passband bandwidth is 
achieved by the modified SIR and two identical 
interdigital feed-lines. A controllable notched band 
within the UWB passband is generated by loading 
identical stub between the high impedance double-
lines at each side of the modified SIR. By properly 
adjusting the length of the loaded stub i.e., L4, the 
lower notched band at desired frequency can be 
achieved, as shown in Fig. 1(b). The bandwidth of 
the notched band can be controlled by tuning the 
width of the loaded stub, i.e., W4. Figure 1(c) 
shows the simulated frequency responses with 
varying W4. It can be seen that the bandwidth 
decreases when increasing W4. According to 
above analysis, the loaded stubs can generate a 
notched band at desired frequency without 
significant influence on the passband performance. 
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Fig. 1. (a) Structure of the UWB bandpass filter, 
(b) Simulated frequency responses of the loaded 
stubs for varying L4 (W4=0.1 mm), (c) Simulated 
frequency responses for varying W4 (L4=5.5 mm, 
d2=0.1 mm, and d3=0.1mm). 
 

The concept of the defected ground structure 
(DGS) has been used extensively in the field of 
microwave devices design. Here a U-shaped DGS 
is proposed to generate the upper notched band. 
Figure 2 shows the configuration and equivalent 
circuit of the proposed DGS resonator. The U-
shaped slot in the ground plane disturbs the shield  
 

 
(a) 

 
(b) 

 
Fig. 2. (a) Configuration of the U-shaped slot, (b) 
Its equivalent circuit. 
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Fig. 3. Frequency responses of the proposed DGS 
for varying W5 and L5 (d5=0.1 mm). 
 
current distribution in the ground plane, which 
changes the capacitance and inductance of the 
transmission line. Thus, the resonance frequency 
of the proposed DGS depends on the physical 
dimensions of the U-shaped slot. In order to 
investigate the influence of the proposed DGS 
dimensions on the frequency characteristics, three 
cases are simulated. The value of d5 is fixed to 0.1 
mm for all cases when the values of W5 and L5 
are varied. The linewidth of the transmission line 
for the proposed DGS section is chosen as 50 Ω 
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Table 1: Extracted equivalent circuit parameters 
for varying W5 and L5 

W5 
(mm) 

L5 
(mm) 

Resonance 
Frequency 

(GHz) 

Cutoff 
Frequency 

(GHz) 
0.5 3.7 8.65 8.57 
0.7 4.1 7.70 7.58 
1.0 4.9 7.25 7.09 
W5 

(mm) 
L5 

(mm) 
Capacitance 

(pF) 
Inductance 

(nH) 
0.5 3.7 9.901 0.034 
0.7 4.1 6.579 0.065 
1.0 4.9 4.918 0.098 
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Fig. 4. Simulated frequency responses for varying 
d5 (W5=1.0 mm, L5=4.9 mm). 
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Fig. 5. Simulated frequency responses for varying 
W5 and L5 (L4=5.6 mm, W4=0.1 mm, d5=0.1 
mm). 
 

for simulations. The simulated results are plotted 
in Fig. 3. As the physical dimensions of the U-
shaped slot increases, the equivalent capacitance 
decreases and the equivalent inductance increases, 
thus the resonance frequency slowly shifts to 
lower position due to the increased inductance. 
The circuit parameters of the equivalent circuit can 
be extracted [16] 
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where ωc is the 3-dB cutoff angular frequency, ω0 
is the resonance angular frequency, Z0 is the 
characteristic impedance of the transmission line, 
and f0 is the frequency of the attenuation pole 
location. Table 1 lists the circuit parameters of the 
equivalent circuit which are extracted from the 
simulated scattering parameters in Fig. 3. The 
bandwidth of the notched band can be controlled 
by the width of the gap, i.e., d5. Figure 4 shows 
the frequency responses with varying d5. It can be 
seen that the bandwidths are proportional to d5. 
Accordingly, the upper notched band can be 
achieved by properly tuning the dimensions of the 
proposed U-shaped slot, but the position of the 
lower notched band doesn’t change as shown in 
Fig. 5. 

 
III. SIMULATED AND MEASURED 

RESULTS 
Based on the above study, a novel UWB 

bandpass filter with two controllable highly 
rejected notched bands is designed. One notched 
band is controlled by the loaded stub, and another 
one is determined by the U-shaped slot on the 
ground plane without increasing the total size of 
the filter. The dimensions for the UWB filter 
[referred to Figs. 1(a), 2(a)] are: W1=1.5 mm, 
W2=0.1 mm, W3=0.76 mm, W4=0.1 mm, W5=0.7 
mm, L1=4.9 mm, L2=2.0 mm, L3=5.6 mm, 
L4=5.6 mm, L5=4.1 mm, d1=2.6 mm, d2= 0.1 
mm, d3=0.1 mm, d4=0.1 mm, d5=0.1 mm. 
Simulation was accomplished using Ansoft HFSS, 
and measurement was carried out on an Agilent 
E8363B network analyzer. Figure 6 illustrates the 
simulated and measured frequency responses of 
the proposed filter. From this figure we can see  
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Fig. 6. Simulated and measured results. 
 

 
(a) 

 
(b) 

 
Fig. 7. Photograph of the fabricated UWB filter (a) 
top view, (b) bottom view. 
 
that the measured passband is from 2.64 GHz to 
10.27 GHz, and the two notched bands are 
centered at 5.74 GHz and 7.86 GHz, respectively. 

The attenuations at the center of the notched bands 
are about -15.551 dB and -15.432 dB, 
respectively. Within the passbands, the return 
losses are below -10 dB. Meanwhile, there is a 
transmission zero located at 13.9 GHz, which 
realizes a good out-of-band rejection. The 
simulated and measured group delays are also 
shown in Fig. 6. It is seen that the measured group 
delays within the passbands are all less than 0.2 
ns. The deviation between the simulated and 
measured results is mainly caused by SMA 
connectors and fabrication. Figure 7 displays the 
photograph of the fabricated UWB filter. 

 
IV. CONCLUSION 

A compact UWB bandpass filter with two 
controllable sharply rejected notched bands has 
been proposed in this letter. The UWB passband 
was realized by using the modified SIR and two 
interdigital feed-lines. Two notched bands at the 
desired frequencies within the UWB passband 
have been achieved by adopting the loaded stubs 
and U-shaped DGS without increasing the total 
size of the UWB filter. The proposed new UWB 
bandpass filter features compact size, easy 
fabrication, and is suitable for UWB wireless 
systems. 
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