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Abstract 

In this paper, a simple structure bandpass filter with an ultra-wideband range from 4.73 GHz to 10 GHz and a 

notched band at 7.18 GHz has been introduced. Spurlines and coupled lines are used for the UWB response. The 

bandwidth and the notched band can be set at the desired frequency by the lengths and the width of spurlines. By 

adding L-shaped open stubs to the multi-mode resonator, the stopband rejection has been improved. Finally, one 

prototype is designed, manufactured, and measured, with results of 72.19% fractional bandwidth at the central 

frequency of 7.3 GHz, 0.5 dB insertion loss (IL), and return loss (RL) of -27 dB; this proves the feasibility and 

reliability of this filter. 
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1. INTRODUCTION 

The design of bandpass filters (BPFs) is a well-known area with various uses in 

telecommunications, defense, and security. The essential parameters of the filter are bandwidth, 

compactness, low fabrication cost, etc. Different structures have been introduced to develop 

ultra-wideband (UWB) filters [1]–[12]. An ultra-wide stopband bandpass filter with a compact 

size has been designed in [1]. In [2], new configurations have been introduced to develop S-

band BPF with a frequency range of 2–4 GHz. In [3], two compact-size wideband BPFs with 

common-mode suppression, and high selectivity are introduced. In [4], a simple method to 

design a dual-wideband bandpass filter is proposed. Due to interference between the undesired 

signals and the UWB range defined by U.S. Federal Communications Commission (FCC), a 

single- or multi-notched band filter is necessary to reject these signals. A compact UWB-BPF 

with an asymmetric coupled line structure and a notched band has been presented in [5]. 

However, the stopband rejection is not good. In [6], a compact UWB BPF using a hybrid 

microstrip and coplanar waveguide (CPW) with a narrow notched band has been proposed. A 

notched band BPF using a lowpass filter (LPF) coupled to the high-pass section is reported in 

[7]. In [8], a multi–notched band filter has been designed. In [9], a BPF with a notched band at 

5.5 GHz is proposed by embedding a spurline within a multi-mode resonator (MMR). A tunable 

wideband BPF using the parallel-coupled line and cross-shaped resonator is presented in [10]. 

The dual-band BPF with good common-mode suppression and good differential-mode 

selectivity is achieved in [11]. In [12], new reconfigurable-bandwidth BPFs using parallel-

coupled lines and cross-shaped resonators with control of the notched band are presented. All 

reported designs have an acceptable passband response with reasonably notched fractional 

bandwidth but without a good rejection level at the stopband region. 
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In this paper, a BPF with a notched band at 7.18 GHz consists of two asymmetrical couple lines 

as the input and output ports, and MMRs with two resonant modes have some spurlines has 

been proposed. The spurlines are created to eliminate the potential interference in the passband 

region. The proposed UWB bandpass filter is simulated and fabricated on a Rogers 4003C 

substrate with a height of 0.508 mm and the dielectric constant εr=3.55.  

 

2. ANALYSIS OF MMR 

In this section, the details of the proposed resonator and filter design are illustrated. Firstly, the 

MMR to obtain the desired passband has been introduced and tries to allocate the resonant 

modes inside the desired passband. Then, the notched BPF design was presented. The first BPF 

in Fig 1, has the optimized parameters of w1= 0.1 mm, l1=4.2 mm, w2=1.6 mm, l2=7.5 mm, and 

d=0.2mm. The central structure resembles the stepped impedance resonator (SIR). Fig 2, shows 

the structure and equivalent circuit of the MMR. 

     

w1

     

l2

l1

w2

 

Figure 1: Structure of the first proposed filter 

 

Figure 2: Structure of the first proposed filter 

It consists of two sections with electrical characteristics of (Z1, 2θ1) and (Z2, θ2). The main aim 

of the SIR is to obtain the larger frequency gap between the first and the second resonant modes. 

Generally, in the UWB filter, resonant modes of the resonator and frequency-dispersive 

characteristics of the coupled lines are generating an ultra-wide passband. The input admittance 

Yin of the equivalent circuit in Fig 2(b) can be obtained as 
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Ultra-wide passband results are obtained with good insertion loss S21. The simulated reflection 

coefficient S11 and insertion loss S21 of the filter are shown in Fig 3. Three transmission poles 

at f1=5.6 GHz, f2=10.3 GHz, and f3=14.5 GHz signify the three resonant modes (f1, f2, and f3) 

of the stepped impedance MMR. The cut-off frequencies of the passband have been provided 

by the first and second-order resonant frequencies. 

 

Figure 3: Simulated S21 of the first filter 
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3. UWB BPE design with notched band  

The microstrip couple lines are made from single transmission line segments, which are 

equivalent to “π” lumped-element networks, Fig 4(a). In particular, a three-coupled line can be 

modeled by the circuit equivalent network, as shown in Fig 4(b). Ls and Cp are the self-

capacitance and inductance of one of the lines, and M and Cc are the mutual inductance and 

capacitance between the coupled lines. 

 

Fig 4: Equivalent circuit model of (a) single, and (b) three coupled lines 

 

Fig 5: (a) Spurline resonator, (b) Equivalent circuit of spurlines 
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Fig 5 shows microstrip spurline sections and their equivalent circuits. The resonator circuits 

L1C1 and L2C2 represent the dual-band gap. characteristic, and the resistors R1 and R2 represent 

the radiation effect and transmission loss, which can be obtained as [13]. 

    (4)         

    (5) 

(6) 

  

Where Δfi is the bandwidth at the resonant frequency of fi, and Z0 is the characteristic 

impedance. 

 

Fig 6: (a) Configuration of the proposed UWB filter (Filter 2), and (b) Simulated S21 

and S11 

The structure of the proposed UWB filter as Filter 2 is shown in Fig 6(a). The optimized 

parameters of the filter are w1= 0.2 mm, l1=5 mm, w2=1.4 mm, l2=7.5 mm, w3=0.2 mm, l3=1 

mm, l4=1.5 mm, w4=0.1 mm, and d=0.1 mm. The simulated insertion loss S21 of the filter is 

shown in Fig. 6(b). According to Fig 6(b), the proposed structure has three drawbacks: a) high 

return loss in the bandpass. b) Low attenuation level in the stopband region. c) Low selectivity 
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at upper frequency. The open stubs with dimensions of l5=3.38 mm, and w5=0.1 mm have been 

added to the coupled line sections as Filter 3 (Fig 7(a)). The frequency response of Filter 3 is 

shown in Fig 7(b). Compared with Fig 6(b), it can be seen that the notched band with a better 

attenuation level has been generated. 

 

Fig 7: (a) Configuration of the UWB Filter 3, and (b) Simulated S21 and S11 

4. Simulation and Measurement Results  

The stopband bandwidth of Filter 3 (as shown in Fig 7(b)) can be extended by open stubs 

because of the mutual suppression of spurious passband. Therefore, L-shaped open stubs are 

embedded in the input and output coupled lines with dimensions of w6=0.2 mm, and l6=3.8 

mm. The configuration and photograph of the proposed filter are shown in Fig 8.  Fig 9(a) 

shows the simulated insertion loss with varied l6. As can be seen, the attenuation level at the 

stopband region and fractional bandwidth can be improved by decreasing the length l6. The 

simulated S11 with different w3 is recorded in Fig 9(b).  

As illustrated, the return loss at the upper side passband is increased by a w3 decrement and 

vice versa, while the return loss at the lower side passband doesn’t change significantly. 

Simulated and measured S21 and S11 are shown in Fig 10(a). There is a deep downward notch 

at 7.18 GHz with -57 dB insertion loss. Fig 10(b) shows the group delay has a peak of 0.76 ns 

in the ultra-wideband range. The good performance of the proposed filter compared to other 

work is shown in Table 1. 
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Fig 8: (a) Geometry, and (b) fabricated filter 

 

Fig 9: (a) S21 as a function of l6, and (b) S11 as a function of w3 

 

Fig 10: (a) Simulated and measured S21 and S11, and (b) group delay
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Table 1: Compasion with previous reported works 

 

The meaning of abbreviations utilized in the table: Ref.—reference, CF. —center frequency, 

GD. — group delay, RL. — return loss, IL. — Insertion loss, FBW.  —fractional bandwidth. 

 

Ref. 

 

CF 

(GHz) 

Number of 

Tuning 

elements 

Number of 

Notch 

bands 

Notch Freq. 

(GHz) 

GD 

(ns) 

RL 

(dB) 

IL 

(dB) 

FBW 

(%) 

Circuit size 

(𝝀g× 𝝀g) 

 

[2] 3.0 No No No 0.6 11 1.0 66 0.23×0.073 

[4] 2.4/5.2 No No No 4.6/ 5.5 22.1/20.8 0.3/0.7 51.9/23.3 0.28×0.20 

[5] 6.6 No 1 6.3 0.3 10 0.5 121 0.94×0.10 

[6] 6.84 No 1 5.80 0.28 14.3 0.9 113.5 0.303×0.166 

[8] 6 No 3 3.6/5.3/8.4 < 0.4 > 11 < 1.25 80 0.74×0.61 

[9] 5.5 No 1 5.5 0.4 12 0.9 107.6 0.27×0.10 

[10] 6 3 1 5.0-8.2 < 2.8 10 < 2.6 41.7-96.7 (55) 0.32×0.15 

Filter I in [12] 2.97 0 1 3.01 < 0.47 > 10 0.5 82.6 0.62×0.48 

Filter II in [12] 2.94 2 1 3.02 < 3.9 > 15 1 41.6-83.4 (41.8) 0.62×0.48 

Filter III in [12] 2.95 1 1 3.00 < 4.3 < 15 > 1 54.9-70.9 (15.6) 0.62×0.48 

This Work 7.3 No 1 7.18 < 0.8 27 0.5 72.19 0.28×0.071 
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5. CONCLUSIONS 

In this paper, a notched band filter based on the MMR has been presented. A deep notch at 7.18 

GHz with -57 dB insertion loss has been created by spurlines. The design is economical because 

of using substrate Rogers 4003. The proposed UWB notch BPF has important features such as 

size compactness, low insertion loss, and high return loss.  This filter is a good candidate for 

use in the UWB system to mitigate interference with narrowband systems such as wireless 

local-area networks. 
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