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ABSTRACT This paper presents a new design of a super compact ultra wideband (UWB) band-pass filter 

(BPF) with rejection of X-band satellite applications. For covering the UWB bandpass, the proposed filter is 

realized using hybrid technique which is achieved by using a microstrip-coplanar waveguide-microstrip 

transition. The basic structure consists of a modified microstrip in the top layer and CPW in the bottom layer. 

Later, open-circuited stubs are embedded in the top to implement in-band transmission zeros (TZ) so as to 

circumvent interference. The simulated results show that the UWB bandpass filter has a high adaptation (S11 

≤ −18 dB) and insertion loss better than 0.4 dB at the passband. The impedance bandwidths are about 114% 

(3–11 GHz) with upper stopband extends to more than 14 GHz with a depth of greater than 38 dB. In addition, 

the UWB BPF shows a flat group delay performance with a variation of about 0.15 ns over the entire 

bandwidth. A prototype of the filter is fabricated and tested. Good agreement is achieved between 

measurement and simulation. The proposed UWB BPF is compact in size with overall dimensions of 14 by 

9.2 mm2. Consequently, the obtained results prove that the presented filter is suitable for UWB wireless 

devices. 

INDEX TERMS bandpass, coplanar, filter, microstrip, hybrid technique, UWB, SRR 

I. INTRODUCTION 

LTRA-Wideband (UWB) radio technology has gained 

much attention in recent years for high-speed wireless 

connectivity applications. It has many potential applications to 

be researched, such as imaging system, communications and 

measurements, vehicular radar, surveillance, medical systems, 

and satellite communications [1]. These applications benefit 

from the unique features of low-power spectral density and 

consumption associated with UWB systems. To transmit or 

receive a high-quality signal, an UWB bandpass filter (UWB 

BPF) must have a wide bandwidth of about 20% or greater, 

and a high selectivity [1]. 

   There are many techniques presented to design UWB BPF 

like defected ground structure (DGS) [2,3], multiple-mode 

resonator (MMR) [4], modified split ring resonator (MSRR) 

[5], multilayer coupled structure [6] and surface-to-surface 

broadside coupled structures that have exhaustively been 

used in the design of UWB-BPFs [7–9] . The microstrip-to 

CPW-based UWB filters, compared with the rest, have 

minimum insertion loss response in the passband due to the 

tight broadside coupling of the structure [10]; these 

techniques have been widely used to achieve UWB 

characteristics. 

   However, UWB communication systems could be easily 

interfered by one or more of the nearby communication 

systems such as WiMAX communication system operating at 

(3.3–3.7) GHz, WLAN system operating at the lower part or 

the upper part of the (5.15–5.85) GHz band and X-band 

downlink communication frequency operating at (7.10–7.76) 

GHz. So compact UWB BPFs with notched band are 

emergently required to reject these interfering signals. 

   Hence, adding bandstop filters (BSF) to the design is among 

solutions to tackle the problem of interferences, previously 

mentioned, but appending the BSF to the existing bandpass 

filter of the UWB system causes an increase in circuit size. So, 

researchers overcame this drawback by integrating the BSF 

within the BPF, thereby keeping the circuit size to minimum. 

This necessity led to an exhaustive amount of research into the 

design and development of notched band UWB filters [11–

16]. It’s to highlight that several works have studied notches 

using multiple methods, for example, notch implementation 

using open stubs is proposed in [11–13] . The stepped 

impedance resonator is utilized in  [12], to generate passband 

notch. Defected microstrip structure (DMS) in [14] and 

defected ground structure (DGS) in [15]. Furthermore, parallel 

defected microstrip structures (PDMSs) are used to create 

notches in [16]. However, the design of a compact notched 

band UWB filter with better performance remains a challenge 

at large. 

   To overcome this challenge, we propose in this paper an 

UWB-BPF with notched band which is generated at 7 GHz , 

X-band downlink satellite communication, using the 

U 
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microstrip open circuited stub with suppression greater than 

18 dB. The proposed UWB filter is constructed on a single 

dielectric RT/Duroid 6010 substrate of permittivity equal to 

10.8 and height about 0.635 mm. The design of proposed 

structure is based on hybrid technique. Initially, the basic 

UWB is developed using microstrip/coplanar waveguide 

(CPW) technology to fabricate miniaturized structures with 

several advantages for millimeter-wave applications such as 

small loss, less radiation at discontinuities, low cost and ease 

of fabrication with good performance. Secondly, open 

circuited stubs are implemented in order to affect the 

resonance frequency and then to generate notches which act 

like the stopband filters. 

II.  GEOMETRY OF UWB FILTER 

The proposed UWB BPF is fabricated on a RT/Duroid 6010 

dielectric substrate, with a dielectric constant of 10.2, loss 

tangent of 0.0023 for a broad bandwidth and a thickness of 

0.635 mm. Figure 1 illustrates the design of the UWB BPF. 

Indeed, we can see that the microstrip technique is used on the 

top layer Figure1(a) and a CPW is used on the ground plane 

Figure 1(b). As shown in Figure 1(a), we choose the U‐shaped 

resonators technique which is loading a microstrip line to 

cover a frequency band from 3 to 11 GHz. This technique is 

more detailed in the next section. In addition, a rectangular 

part is cut from the bottom layer to improve impedance 

matching.  

 

 

 

 

 

 

 

 

 

 

(a) 

(b) 

FIGURE 1.  Geometry of the proposed UWB BPF: (a) top view, (b) bottom 
view. 
 

The structural parameters for the optimal UWB filter circuit 

are summarized in Table1. 
 
TABLE I. Dimensions of the proposed UWB BPF 

Parameters Ls Ws L1 L2 L3 L4 L5 

Values (mm) 14 9.2 2 2 1.1 1.3 1.5 

Parameters L6 W2 W1 R1 L10 W3 W4 

Values (mm) 1.9 0.32 0.6 3.2 1.9 0.2 0.3 

Parameters S L9 W5 W6 W7 W8 R2 

Values (mm) 0.2 1.3 0.6 1 1.4 0.7 2 

It should be noted that the length L2+L3+L4+L10 is initially set 

to a half wavelength, and after that, the optimization is done 

for better results. However, concerning the parameters W2, 

W7, R1 and R2, they are based on optimization process while 

keeping the transition microstrip-coplanar-microstirp of the 

studied structure. 

 

III.  DESIGN EVOLUTION PROCESS OF THE COMPACT 
UWB FILTER 

In this section we will detail the important steps to improve the 

studied filter starting with the role of each U‐shaped resonators 

and slots. Indeed, as we will see in what follows, the purpose 

of adding U‐shaped resonators is to broaden the bandwidth; on 

the other hand, the advantage of adding slots on bottom is to 

improve matching impedance and then studied filter’s 

performances. Finally, we will show the advantage of semi-

ellipse conductor in CPW at the bottom layer. 

A.  EVOLUTION OF FILTER DESIGN WITH SEMI-
ELLIPSE 

The design evolution of our compact UWB filter is depicted 

in Figures 2, 3, 4 and 5, with corresponding results of 

simulated S-parameter of each step. Due to the symmetry of 

the structure, only the S-parameters (S11 and S21) are 

presented. 
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FIGURE 2.   Geometry and simulation of the first filter design (a) Top and 
bottom view, (b) S-parameters. 

 

From Figure 2 (a), we can see that on the top side of the 

substrate, the microstrip is integrated without U-shaped 

resonators inside the structure and CPW is used on the bottom. 

From Figure 2(b), it can be seen that S11 is worse than 10 dB 

in the pass band with poor S21 response in upper stop band. 

The result of this step shows that the proposed filter does not 

cover the UWB band, and then it is not adapted to the UWB 

band.  

In order to improve the bandwidth of the proposed UWB 

BPF, we change the structure by adding four U-shaped 

resonators as shown in Figure 3(a). The length of the U-shaped 

resonators is (L5 +2L6) and it is about one-half wavelength of 

the central frequency (6.85 GHz) of the microstrip filter. As 

can be seen from Figure 3(b), the bandwidth has been 

improved as it has become extended from (3.5-10 GHz) to (3-

12 GHz). In addition, the appearance of three poles is observed 

in the passband. 

(a) 

(b) 

FIGURE 3.  Geometry and simulation of the second filter design (a) Top and 
bottom view, (b) S-parameters. 
 

Next step we added a short circuit between line microstrip and 

U-shaped resonators, as seen in Figure 4 (a). And from Figure 

4 (b) we can see that the bandwidth is adjusted to cover the 

band recommended by FCC and the impedance matching has 

been improved in the bandwidth especially between 6 and 9 

GHz, and it became better than 12 dB. Also there has been an 

improvement in the parameter S21 (better than 15 dB), in the 

rejected band. 

 

 

 

(a) 

(b) 

FIGURE 4.   Geometry and simulation of the third filter design (a) Top and 
bottom view, (b) S-parameters. 

In order to further improve matching impedance, we etched 

two rectangular slots on bottom as shown in Figure 5(a) where 

length (L9) and width (W5) are respectively 1.3 mm and 0.6 

mm which are found based on parametric optimization (Figure 

6 (b), (c)). So, we can conclude that after the addition of these 

slots, we have a strong improvement in terms of adaptation 

between the two frequencies 4 and 8 GHz as seen in Figure 

5(b). Also, the proposed UWB filter has an insertion loss better 

than 0.5 dB from 3 to 11 GHz and the return loss is less than 

15 dB over most part of the passband. 

(a) 

 

 

 

 

 

 

41 



 H. El Omari El Bakali et al.  

 

 VOL. 9, NO. 3, DECEMBER 202042 

 

 

(b) 

FIGURE 5.  Geometry and simulation of the fourth filter design (a) Top and 
bottom view, (b) S-parameters. 

Finally, we choose the last design of the proposed UWB 

BPF, which gives the best results.  

B.  PARAMETRIC STUDY 

In this section, we present a parametric study of the proposed 

filter by studying the effects of the principal parameters of the 

structure, with keeping the other dimensions constant. The 

parameter S11 of the proposed filter is given with varying 

length of the U-shaped resonators (L6), width (W5) and length 

(L9) of the slot rectangular and width of CPW (W6) line 

respectively. 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

FIGURE 6.  The effect of: (a) Length of U‐shaped resonators, (b) Width of 
rectangular slot, (c) Length of rectangular slot (d) Width of CPW line. 

 
As shown in Figure 6(a) to adjust the bandwidth frequency, 

the L6 value has been changed from 1.5 to 2.1 mm. L6 is found 

to be 1.9 mm to cover the UWB frequency band (3 – 11 GHz) 

with good adaptation. To improve impedance matching, we 
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changed W5 value from 0.4 to 07 mm. As can be seen clearly 

in Figure 6(b), the adjusted value for W5 is found to be 0.6 

mm for the best adaptation. From Figure 6(c), we notice an 

improvement at the impedance matching level and bandwidth 

when L9 =1.3mm. 

Finally, as depicted in Figure 6(d), we can observe that by 

varying the W6 value from 1.2 to 0.8 mm, a good impedance 

matching is obtained across the whole band, for W6 equal to 

1 mm. 

C.  CHOICE OF SEMI-ELLIPSE CONDUCTOR IN CPW 

In this section we made a comparison between the ellipse 

structure and the rectangular structure which is the most 

widespread in the literature. The following study shows the 

difference between the two structures always with the aim of 

improving the performance of our studied filter. 

In Figure 7 (a) we show the two structures and in Figure 7 

(b) we compare the simulation results of S11 and S21 with 

semi-ellipse conductor and rectangular conductor in CPW at 

bottom layer. 

(a) 

(b) 

FIGURE 7.  (a) Bottom layer with rectangular and semi-ellipse conductor, (b) 
Compared S-parameters. 

From what we saw in the above, the importance of semi-

ellipse is widening the bandwidth, especially the part of the 

low frequencies. We can conclude that with the use of semi-

ellipse in the bottom of the studied filter, the bandwidth has 

been extended from (4-11) GHz to (3- 11) GHz and also, we 

notice that there is an improvement in the level of insertion 

loss 

 

IV.  NOTCHED BAND IMPLEMENTATION 

As mentioned above, the problem of interference between 

UWB devices and systems is an important issue in developing 

a UWB radio module or system. In order to circumvent these 

interferences, our UWB filter is modified so as to work 

efficiently in indoor environment. To the proposed UWB filter 

structure, we implement a notched band which can be adjusted 

easily. The notched band is introduced by open circuited stubs 

on the both sides of the Microstrip line as shown in Figure 8(a).  

   The designed central frequency of the notch-band can be 

achieved by adjusting the length of stubs open circuited which 

is about half wavelength at the desired frequency. That is to 

say, each open circuited stub is a quarter-wavelength 

resonator. The resonant frequency can be expressed as: 

𝑓𝑛𝑜𝑡𝑐ℎ =
𝑐

4(𝐿7 + 𝐿8)√𝜀𝑒𝑓𝑓

 

 

(1) 

𝜀𝑒𝑓𝑓 =
𝜀𝑟 + 1

2
 (2) 

where εeff is the effective dielectric constant of microstrip 

line, C is the speed of light and (L7+L8) is length of the stub.  

The optimal values of L7 and L8 were found to be 

respectively, 1.67 mm and 2 mm 

           (a) 

(b) 

FIGURE 8.  Geometry and simulation of the proposed UWB BPF with notched 
band: (a) Top and bottom view, (b) S-parameters. 
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From Figure 8(b), we observe that the upper stopband extends 

up to 14 GHz with attenuation greater than 38 dB. Computed 

return loss results were better than 18 dB over the passband. 

Moreover, we can notice that the impedance matching is 

improved by introducing the open circuited stubs. The 

maximum insertion loss observed in the passband before the 

notch and after the notch is 0.4 dB. For the rejected band, the 

results show that a 24 dB insertion loss at the centre notch 

frequency at 7 GHz (X-band downlink satellite 

communication frequency) is observed. 

   Finally, current distributions are used to confirm the 

resonant conditions of this UWB filter. Figure 9 depicts the 

current response at notch frequency of 7 GHz. As shown in 

this Figure, at 7 GHz notched frequency, the current is mainly 

focused over open circuited stubs and it is very low in the rest 

of the structure. However, there is no current near the output 

port, which implies that there is no signal propagation in the 

filter and the circuit is in the stopband state. So, it has been 

proved that the open circuited stubs generate transmission 

zeros (TZ) at 7 GHz in order to eliminate interference of X-

band downlink satellite communication frequency. 

FIGURE 9.  Surface current density at 7 GHz. 

 
As seen in Figure 10, another parameter is studied 

to verify that all signals are delayed when they pass through 

our proposed filter. For an efficient filter, the group delay 

would be constant to avoid distortions. It can be expressed 

as: 

 𝜏𝑑 =  
𝑑𝜑21(𝜔)

−𝑑𝜔
                                                        (3) 

𝜑21(𝜔) = arg 𝑆21(𝜔)                                             (4) 

Where 𝜏𝑑 is the group delay and 𝜑21 is the phase response. 

 

 

 

 

 

 

 

 

FIGURE 10.  simulated group delay. 

 

From the Figure 10, we can conclude that the group delay is 

about 0.15 ns over 3-11 GHz band, except at the 7 GHz 

frequency which is checked for proper functioning. 

V.  EXPERIMENTAL RESULTS AND DISCUSSION 

After doing the EM simulation using Computer Simulation 

Technology (CST) Microwave Studio Software, the proposed 

filter is fabricated using LPKF protoMat and the prototype was 

tested using a Rohde and Schwarz ZVB 20 Vector Network 

Analyzer. Figure 11 shows the fabricated UWB bandpass 

filter photographs.  

  
                  (a)                                                (b)           

FIGURE 11.  Photograph of the fabricated prototype: (a) Top view, (b) 

bottom view. 

 

It can be seen, from Figure 12(a), that there is a good 

agreement between the simulated and measured results 
 

 
FIGURE 12.  Simulated and measured S-parameters of the proposed filter. 
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There are several main factors of the total loss of the 

measured frequency responses mainly, manufacturing 

tolerances, conductor loss, the tolerance in the dielectric 

permittivity and also connectors mismatch. 

   We observe from Figure 11 that the measured insertion loss 

is less than 0.4 dB, the return loss is above 18 dB and the 

attenuation is more than 24 dB at the frequency near the 

notched band 7 GHz. The upper stopband is up to 14 GHz 

with rejection greater than 38 dB  

   Comparisons with other reported UWB BPF’s with 

notched band are listed in Table 2, which demonstrates that 

the proposed filter has good characteristics and very small 

size. 
 
TABLE 2.  The presented UWB BPF and recently reported filters comparison 

Ref Pass band 
(GHz) 

Insertion 
loss 

(dB) 

Notch 
frequency 

(GHz)/ 

Attenuation(dB) 

Circuit size 
mm2 

[17] 3.1 – 10.6 0.6 8.1/18 21.84 × 

16.02 

[18] 3.7 – 11.6 0.45 7/20 17.6 × 9.6 

[19] 3 – 12.2 NOT 
GIVEN 

6.7/20 24.78 × 12.4 

[20] 3 – 10 >2.5 5.5/22 27.04 × 10 

[21] 2.35 – 

11.75 

0.7 8.2/42 13.22 ×10.71 

[22] 2.3 – 11.7 NOT 
GIVEN 

5.5/32 38 × 32 

[23] 3.4 – 10 2 5.2/22.7 32.3 × 13 

[24] 2 – 9 2 5.8/30 26.7 × 15 

[25] 2.9-12.2 <0.5 5.8/30 30×15 

This 
work 

3 – 11 <0.4 7/24 14 × 9.2 

 

VI. CONCLUSION 

This paper proposes a new super compact UWB BPF with 

notch. The basic UWB filter is based on CPW in the ground 

coupled to microstrip lines in the top layer using U-shaped 

resonator, rectangular slot and semi-ellipse. The passband 

encompasses the requisite UWB (3 – 11 GHz) and the 

stopband is wide and deep till 15 GHz with attenuation greater 

than 38 dB. Open circuited stubs coupled to the microstrip 

lines are integrated into the UWB filter to generate notch band 

at 7GHz. Also, the group delay variation is about 0.15 ns in 

the passband. Owing to its compact size and satisfactory 

passband and stopband performances, these results prove that 

the proposed filter is a good candidate for modern small 

wireless communication systems and UWB systems with 

high- performances. 
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