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Abstract ─ A novel microstrip ultra-wideband (UWB) 

filter with dual notched bands is presented. By placing a 

simple dual-mode resonator having two symmetrical 

outer high-impedance lines beside the UWB filter, two 

controllable rejection bands are created, each of which 

features two resonant modes and high frequency 

selectivity. Defected ground structure techniques (DGS) 

is applied to realize wide out-of-band attenuation. 

To explain band-notched operating mechanism, the 

parametric studies and equivalent circuit of the proposed 

structure are presented. The experimental results agree 

well with the predicted results declaring the advantages 

of the proposed structure with high-selectivity wide-

bandwidth notched bands and improved out-of-band 

rejection. 

Index Terms ─ Band-notched filter, high frequency 

selectivity, improved out-of-band rejection, ultra-

wideband filter. 

I. INTRODUCTION 
Research on design and development of ultra-

wideband (UWB) bandpass filters (BPF) have attracted 

great attention as the release of unlicensed UWB 

spectrum (3.1–10.6 GHz) by the Federal Communications 

Commission (FCC) for hand held devices in indoor 

environment [1]. There have existed various structures 

for UWB generation [2-14]. One common method for 

the design of an UWB-BPF is the use of multiple-mode 

resonators (MMRs), which possesses the flexibility of 

placing resonant modes at frequencies of interest in the 

passband [2-5]. Other methods were also presented to 

achieve UWB response, such as back-to-back broadside 

coupled structure [6], cascading lowpass and highpass 

filter [7], etc. However, many critical issues still puzzle 

researchers. One such challenge is to eliminate the 

frequency interference between UWB system and other 

wireless systems which have already occupied some 

operating bands of UWB system, especially like IEEE 

802.11a (5.15 ~ 5.35 GHz & 5.725 ~ 5.825 GHz) and X-

band military radar. Moreover, to achieve higher data 

rates, many systems including LTE Carrier Aggregation 

manage to increase their spectrum bandwidths, which, in 

turn, requires wider rejection band for the UWB design. 

Therefore, it is significantly necessary to introduce more 

than one wide-bandwidth notched-band responses into 

UWB filters. 

Several methods to introduce notched bands in 

UWB filters were reported, such as etching slots on the 

ground [8], [9], embedding spurlines or stubs on the 

transmission line [10-12], and loading a resonator beside 

the original structure [13-15]. However, most structures 

in these filters can only generate one notched frequency 

band, which means that more complex structures are 

required when it comes to multiple notched bands, i.e., 

more than one resonators/stubs, MMRs, etc. Although 

some MMRs have been adopted for more than one band-

notched generation [16-18], they show narrow rejection 

bandwidth and unsatisfactory frequency selectivity. 

In this paper, by using only one simple dual-mode 

resonator and two high-impedance lines, a novel dual 

wideband band-notched UWB filter has been realized. 

With the help of two symmetrical outer high-impedance 

lines beside the microstrip feed line, the proposed 

resonators can produce two stopbands with higher 

rejection level and better frequency selectivity than that 

of only one stopband using the same resonator without 

outer lines. Moreover, the dumbbell-shape DGS helps to 

realize wide out-of-band rejection band. In Section II, the 

proposed resonator and its design evolution are 

demonstrated. Comparison between the proposed 

resonator and the conventional ones is made, showing 

clearly the advantage of the proposed structure. 

Parametric analysis and mathematical explanation 

provide guidelines to facilitate design process. In Section 

III, a UWB filter is designed and then the proposed 

resonator is loaded on this UWB filter for dual high-

selectivity notched bands generation. Finally, a short 
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conclusion is given in Section IV. 

II. BAND-NOTCHED RESONATOR

ANALYSIS 
The conventional resonator and modified structure 

as shown in Fig. 1 are used to evoke notched bands for 

the UWB filters. The conventional resonator is a folded 

half-wavelength resonator with a grounding via in the 

center, while the modified structure is developed with 

two additional symmetrical high-impedance outer lines 

connecting the conventional resonator to feed line. For 

size reduction, the outer lines are meandered. Figure 1 (c) 

illustrates the corresponding circuit model of Fig. 1 (b). 

The outer high-impedance lines can be equivalent to a 

series inductor-capacitor tank (L2 and C2), and the broad 

side coupling between two open stubs in Fig. 1 (b) is 

modeled as a capacitor C1. Additionally, the via hole acts 

as an inductor L1. The physical dimensions of the 

proposed resonator can be determined by using this 

model. 
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Fig. 1. (a) Layout of the conventional resonator, (b) the 

proposed structure, and (c) corresponding circuit model. 

To analyze the characteristics of this proposed 

resonator, the resonators depicted in Fig. 1 are modeled 

with the help of full-wave electromagnetic simulation. 

All the structures in this paper are designed on a 

RT/Duorid 4350 substrate with a dielectric constant 

3.48, thickness of 0.508 mm, and dielectric loss tangent 

value of 0.004. Figure 2 shows the simulated S21 and S11 

magnitudes of the three resonators types under weak 

coupling which have the same physical dimensions. 

Dual-resonance characteristics are obtained for Fig. 

1 (a), while the one without via has only one resonant 

mode. This feature can be applied to create a wideband 

notched band. The resonant frequency of the conventional 

resonator fr can be approximately calculated by: 

 1

,
2 1 / 2

r

g e ff r

c c
f

l  
 


 (1) 

where 
g denotes the guided wavelength, c is the

velocity of light in free space, and 
eff  denotes the 

effective dielectric constant of the substrate. Once two 

symmetrical outer high-impedance lines are added as 

shown in Fig. 1 (b), the center frequency of one notched 

band is almost the same with that of Fig. 1 (a), and 

interestingly an extra stopband is generated. Compared 

to the conventional resonator, both of these two notched 

bands exhibit higher rejection level and satisfactory 

frequency selectivity. Additionally, multiple reflection 

zeros are located at each side of the stopbands enhancing 

the passband impedance matching. 
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Fig. 2. Simulated results of the three resonators types 

(l1 = 16.4, l2 = 12.2, w1 = 0.7, w2 = 1.1, w3 = 0.1, S1 = 0.3, 

S2 = 0.2, and the radius of via R1=0.2, all in mm). 

The center frequency of the extra stopband fr2 is 

primarily determined by the outer high-impedance lines 

equivalent to a series L2-C2 tank, which is approximately 
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calculated by: 

2

2 2

1
.

2
rf

L C
 (2) 

Here, L2 and C2 in this case equals to 3.48 nH and 0.08 pF, 

respectively, and the corresponding calculated fr2 is 

around 9.6 GHz, where the value is in order to make 

good agreement with the simulated center frequency 

of the higher stopband shown in Fig. 2. Due to the 

inductance much more than capacitance of the high-

impedance lines equivalent circuit, adjusting the 

inductance L2 is observed as shown in Fig. 3. When L2 

increases from 3.28 to 3.68 nH, the resonant frequency 

for the higher stopband will decrease gradually but the 

lower stopband almost keeps fixed. 
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Fig. 3. Simulated |S21| variations with different L2. 

Furthermore, as the three important physical 

parameters (l1, S1, and S2) have significant influence 

on the proposed resonator’s frequency response, the 

proposed resonator having the same dimensions with 

discussed above are modeled and studied. Figure 4 

demonstrates the predicted magnitude of S21 against 

frequency with different l1, S1, and S2. As observed in 

Fig. 4 (a), the center frequencies of two stopbands both 

increase as l1 changes from 16.9 to 15.9 mm, showing 

the length of the folded half-wavelength resonator l1 

affects both two stopbands. Obviously, l1 is mainly 

determined by Equation (1) when the substrate material 

is chosen. When the gap between the resonator and feed 

line S1 varies from 0.2 to 1.2 mm as seen in Fig. 4 (b), 

the center frequencies of the higher stopband experience 

an obvious drop, while the lower-frequency stopband 

changes slightly. Thus, the center frequencies of the two 

stopbands can be designed by tuning l1, l2, and S1. In 

addition, the coupling gap S2 can be used to adjust the 

bandwidth of the two stopbands (see Fig. 4 (c)). These 

graphs can be applied to simplify the proposed resonator 

design. 
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Fig. 4. Simulated |S21| variations with different: (a) l1, (b) 

S1, and (c) S2. 

III. DESIGN OF UWB FILTER WITH

NOTCHED BANDS 

A. UWB filter 

Figure 5 depicts the layout and physical dimensions 

of the proposed basic UWB filter. The UWB response is 

developed based on the MMR which consists of a 

stepped-impedance resonator (SIR) loaded with one 

short-circuited stub and two symmetrical open-circuited 

folded stubs. Two interdigital coupled line sections are 

directly coupled to the two sides of the SIR. On the 

bottom layer of the filter, two tapered dumbbell-shaped 
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DGS units are designed to suppress the harmonic 

passband, since they can produce the transmission zeroes 

in the high frequency out-of-band range [19]. 

The frequency characteristics of the proposed MMR 

is presented in Fig. 6. Compared with previous MMR 

without DGS, open- and short-circuited stub, the 

proposed MMR can produce more resonant modes in 

UWB band improving the in-band impedance matching, 

and higher skirt selectivity is also achieved because the 

transmission zeros can be positioned close to the edge of 

UWB band. 

(a) 

l8

R2

w8 l10

(b) 

Fig. 5. Configuration of the basic UWB filter: (a) top 

layer and (b) bottom layer (w2 = 1.1, w4 = 0.3, w5 = 0.1, 

w7 = 0.2, w8 = 0.2, w9 =0.2, l3 = 3, l4 = 9.2, l5 = 6.8, 

l6 = 1, l7 = 3.7, l8 = 5.6, l9 = 2.7, l10 = 1.8, w6 = 0.8, R1=0.2, 

and R2 = 0.5, all in mm). 
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Fig. 6. Comparison between the basic UWB filter (Fig. 

4) and its corresponding structure w/o (w/o: without DGS,

open- and short-circuited stubs). 

Figure 7 shows the simulated S21-magnitudes of the 

proposed UWB structure under tight coupling case 

(interdigital coupled lines, S3 = 0.1 mm) and weak 

coupling case (one coupled line, S3 = 0.3 mm), 

respectively, where the other physical dimensions are the 

same. Four resonant modes are evoked in UWB band due 

to the proposed structure. Moreover, four resonant 

modes all increase as l4 decreases, showing they are all 

affected by the length of the high-impedance line of SIR 

(see Fig. 8 (a)). Interestingly, only the first resonant 

mode are sensitive to l9 (see Fig. 8 (b)), while as l7 drops 

only the third and fourth resonant frequencies increase 

(see Fig. 8 (c)). It means that lengths of the short- and 

open-circuited stubs (i.e., l9 and l7) can be used to 

independently adjust the low- and high-frequency edge 

of the UWB band, respectively. Therefore, by carefully 

tuning the physical dimensions of the proposed 

resonator, the four resonant modes can be allocated 

properly to create the UWB response. 
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Fig. 7. Simulated S21-magnitudes of the basic UWB filter 

and the same structure under weak coupling. 
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Fig. 8. Simulated S21 variations of the proposed MMR 

structure under weak coupling case with: (a) l4, (b) l9, and 

(c) l7. 

B. UWB filter loaded with the proposed resonator 

In order to obtain notched band UWB response, the 

proposed band-notched resonator is added to the 

proposed basic UWB filter, as depicted in Fig. 9. The 

physical parameters of the loading notch resonator and 

basic UWB filter are assumed the same with those 

mentioned above. The whole structure is fabricated and 

its photograph is displayed in Fig. 10. 

Figure 11 illustrates the simulated and measured S21- 

and S11-magnitudes as well as the group delays for the 

proposed band-notched UWB filter. They are found in 

good agreement with each other. The 3-dB passband 

covers the range of approximately 2.5–10.8 GHz (relative 

bandwidth: 124.8%) with the in-band measured insertion 

loss less than 2 dB except for the dual notched band 

(3-dB bandwidth: 4.95-5.85 GHz and 8.81-10.05 GHz). 

Each notched band has two resonant modes achieving 

wider bandwidth, while high frequency selectivity is also 

realized due to the intrinsic features of the proposed 

resonator. The measured upper-stopband is dramatically 

extended up to 30 GHz with an insertion loss larger than 

20 dB due to the introduction of the out-of-band zeros 

caused by DGS units. In addition, the group delay varies 

between 0.2–1.4 ns within the UWB passband showing 

a good linearity, and significant drops are observed in the 

two stopbands. 

Fig. 9. Configuration of the proposed notched-band 

UWB filter. 

(a)   (b) 

Fig. 10. Photograph of the fabricated dual band-notched 

UWB filter: (a) top view and (b) bottom view. 
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Fig. 11. Simulated and measured results of the proposed 

filter: (a) S-parameters and (b) group delays. 
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IV. CONCLUSION
To obtain dual notched bands with high frequency 

selectivity and wide bandwidth, a simple resonator with 

two symmetrical outer high-impedance lines connecting 

to the basic UWB filter has been proposed. Wide out-of-

band attenuation is achieved by adopting DGS. Due to 

its simple structure and excellent performance, the 

proposed filters are expected to be good candidates for 

use in various UWB systems. 
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