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Abstract— In this paper, a microstrip dual-band bandpass filter 

containing a disk resonator and a U-shaped waveguide is designed. 

The proposed structure generates two pass-bands with resonance 

frequencies of 3.7 and 5.7 GHz which can be used for Wi-MAX 

and WLAN applications, respectively. It is worth mentioning that 

two resonance frequencies are located in a relatively wide 

frequency range of 0 to 10 GHz. The simulation results show that 

the insertion losses and return losses of two pass-bands are better 

than 0.62, 0.75 dB, and 21.9, 20.1 dB, respectively. Furthermore, 

its total size is equal to 12.9×9.5 mm2. In addition to the simple 

structure of the proposed filter, its second resonance frequency 

can be tuned by changing only the radius of the disk resonator, 

without the need to change the overall structure or add another 

element to the filter structure. Furthermore, this filter's 

symmetrical structure has caused no distinction between the input 

and output ports, which facilitates the mass production of this 

structure. The other remarkable features of the suggested filter 

are its compact size, low insertion loss, high return loss, sharp 

transition bands, high attenuation level in the stop-bands, wide 

upper stop-band bandwidth, and sharpness of transient bands.      

 
Index Terms— Microstrip bandpass filter, Disk resonator, U-

shaped waveguide, Tunable frequency, Compact size.  

I.  INTRODUCTION 

icrostrip structure is a kind of electrical transmission 

line that is used to convey microwave frequency 

signals. It consists of three layers, including a strip conductor 

layer on a dielectric substrate supported by a ground plane [1]. 

Due to the importance and widespread application of such 

topologies (metal insulator metal topologies), they are also used 

today in terahertz applications such as metal insulator metal 

plasmonic structures [2-5]. Such devices include plasmonic 

filters [6-10], absorbers [11-13], splitters [14-16], sensors [17-

19], logic gates [20-22], modulators [23-25], switches [26-28], 

brag reflectors [29, 30], demultiplexes [31-33], and so on.  

It is worth mentioning that all devices mentioned above can 

be redesigned in microwave frequencies using microstrip 

structures [34-39]. Microstrip filters are widely used in various 

microwave communication systems. [40]. Among microstrip 

filters, bandpass (BP) filters [41, 42] and low-pass filters [43] 

are of high importance and will be discussed in this paper. In 

recent years, various structures and resonator shapes have been 
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used to reach high-performance microstrip BP filters. 

Having remarkable advantages, disk resonators are among 

the common types of resonators that can be used to design 

microstrip filters [44, 45]. For example, by varying its radius, 

the resonance frequency can be tuned, and it is also easy to 

fabricate. Furthermore, it typically has a more compact size 

compared to other resonator shapes. Another resonator 

structure that has been used to improve the BP microstrip filter 

design features is the stepped impedance resonator [46, 47]. 

While this resonator can achieve a broad stopband bandwidth 

and high levels of attenuation in the stopbands, it is large and 

produces gradual transient bands. 

Ring resonators [48] as another structure have been proposed 

in a diversity of various forms of circular [49], square [50], 

hexagonal [51], and rectangular [52] ring resonator systems. 

Moreover, there are other resonator structures such as T-shaped 

resonators [53], U-shaped resonators [14], tapered resonators 

[54], spiral-shaped resonators [55], etc. to design microstrip BP 

filters. It is worth mentioning that filters can be used as basic 

structures to design and fabricate other devices such as antennas 

[56, 57], power dividers [58, 59], diplexers [60, 61], oscillators 

[62], and so on. As a result, the design, analysis, and fabrication 

of filters are among the important topics in today's research. 

In this paper, a simple, symmetrical, and interesting 

configuration is achieved by utilizing a disk resonator coupled 

to a U-shaped waveguide through a stub resonator. On the other 

hand, its second resonance frequency can be easily adjusted 

without increasing the overall size. In addition to the mentioned 

features, it has other suitable parameters such as compact size, 

low insertion loss and high return loss at resonance frequencies, 

high attenuation level in the stop-bands, wide upper stop-band 

bandwidth, and sharpness of transient bands.      

This paper is organized as follows: section II introduces the 

microstrip BP filter designed in the study along with its 

frequency response. Section III discusses the initial filter 

structure (Filter I) and compares it with the proposed filter 

(Filter II). In section IV, the effect of structural parameters on 

the frequency response of the proposed filter is investigated. 

Also, the tunability of the filter is shown in this section. Section 

V discusses the surface current distribution of the proposed 
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filter. The two last sections are devoted to performance 

comparisons of the proposed filter with other similar works and 

conclusions, respectively.     

II.  DUAL-BAND BP FILTER DESIGN AND RESULTS 

Fig. 1 shows the schematic view of the microstrip dual-band 

BP filter designed in this paper. As seen in this figure, this 

structure is composed of a disk resonator and a U-shaped 

waveguide. The disk resonator is coupled to the waveguide 

through a stub resonator. Furthermore, input and output ports 

are coupled to the waveguide through inverted U-shaped 

structures. The structural parameters shown in Fig. 1 are as 

follows: r1= 1.5, r2= 5, r3= 6, l1= 0.85, l2= 3, l3= 3.794, w1= 0.75, 

w2= 1.95, w3= 1.4, g1= 0.3, g2= 0.15 (all in mm).  

 
Fig. 1. Schematic view of the proposed dual-band BP filter. 

 

The S-parameters of the proposed BP filter are shown  in  

Fig. 2. This figure shows that the proposed filter generates two 

narrow passbands at the center frequencies of 3.7 and 5.7 GHz 

in an almost wide frequency range of 0 to 10 GHz. The EM 

simulation results show that the insertion losses of the first and 

second bands are 0.62 and 0.75 dB, respectively. Moreover, 

their return losses are equal to 21.9 and 20.1 dB, respectively. 

Also, as seen, the attenuation level throughout the stopbands 

(before the first resonance frequency, between two resonance 

frequencies, and after the second resonance frequency) is less 

than -20 dB. Therefore, this attenuation level can guarantee that 

almost no frequency passes through the filter in these bands.    

 
Fig. 2. Frequency response of the proposed dual-band BP filter. 

III.  INITIAL FILTER STRUCTURE 

In this section, to provide a better view of the design 

procedure of the proposed structure, the initial filter designed in 

this paper (Filter 1) is studied and compared to the main filter 

(Filter 2). Fig. 3 shows the schematic view of Filter 1 and Filter 

2 and their frequency responses. As seen in this figure, the only 

difference between Filter 1 and Filter 2 structures is the shape 

of the waveguide, which is a straight-shaped waveguide for 

Filter 1. The length of L in Fig. 3(a) is 25 mm. The values of 

other parameters remain unchanged. 

By bending the straight-shaped waveguide in Filter 1 and 

turning it into a U-shaped waveguide in Filter 2, not only the 

total length of the filter is reduced but also the frequency 

response is improved. For example, the resonance frequencies 

shift to higher frequencies (desirable frequencies). As known, 

frequency and wavelength are inversely proportional to each 

other. In other words, the higher the frequency, the shorter the 

wavelength. For example, microwave devices [63, 64] that 

work in the GHz frequency range have dimensions of 

millimeters, while optical devices [65, 66] that work in the 

terahertz range have dimensions of nanometers. Therefore, in 

this design as well, as the dimensions of the filter become more 

compact, the operating wavelength of the device shifts to lower 

wavelengths, or in other words, the working frequency of the 

device shifts to higher frequencies. 

Also, insertion losses and return losses in both passbands 

improve. It is worth mentioning that the insertion losses and 

return losses of the first and second bands for Filter 1 are 1.07, 

1.21dB, and 18.9, 19.03 dB, respectively. Furthermore, the 

stopband bandwidth expands to about 10 GHz. 

 
Fig. 3. (a) Schematic view of the initial filter (Filter I), (b) 

Schematic view of the proposed filter (Filter II), (c) Frequency 

responses of Filter I and Filter II. 
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It is worth mentioning that in addition to the mentioned 

method for compressing the filter proposed in this paper (U-

shaped waveguide), some other methods are suggested in other 

publications. For example, a meander waveguide [67], a spiral 

resonator [68], and coupled hairpin resonators [69], are used to 

compress the filter structures. Although all such methods 

reduce the total size of the filters, they have a complex and 

difficult fabrication process. The approach presented in this 

paper stands out due to its straightforward design, effectively 

eliminating the drawbacks discussed earlier. 

IV.  INVESTIGATION OF THE STRUCTURAL 

PARAMETERS’ EFFECTS AND TUNABILITY OF THE 

PROPOSED FILTER 

After detailing the proposed filter and its design 

methodology, its structural parameters are swept to investigate 

their effects on the frequency response. First, the gap of g1 is 

changed from 0.2 to 0.4 mm with the steps of 0.05 mm while 

the values for the other structural parameters have been 

assumed to be constant. Fig. 4 shows this modification. As seen 

in this figure, when the g1 value increases, the magnitudes of 

S21 and S11 have no changes in the frequency range of 0 to 10 

GHz.  

 
Fig. 4. Frequency response of the proposed dual-band BP filter for 

different values of g1 (a) S21, (b) S11. 

Since low values for g1 complicate the fabrication process 

and high values for g1 increase the total dimensions of the 

structure, the value of g1= 0.3 mm, as a middle value, is 

considered for this parameter.  

Fig. 5 shows the changes in the other parameter (g2). By 

increasing the g2 value, return loss values at stopbands and 

bandwidths of two passbands decrease. This is because 

increasing the g2 value decreases the coupling strength between 

the waveguide and inverted U-shaped structures. Although the 

values of g2> 0.15 mm provide better return losses for 

stopbands, they also lead to a narrower bandwidth for the 

passbands, which needs more precision for the fabrication 

process. On the other hand, the values of g2< 0.15 mm also 

make the fabrication process difficult. Therefore, the best value 

for g2 is 0.15 mm.  

The next structural parameters are the width and length of 

the stub resonator (w1 and l1). Figs. 6 and 7 show that by 

increasing the w1 value and decreasing the l1 value separately, 

the first resonance frequency does not change and the second 

resonance frequency has a little shift towards higher 

frequencies. Therefore, for both modes, values are chosen for 

which the second resonance frequency is located in the desired 

place. These values are w1= 0.75 and l1= 0.85 mm. 

 
Fig. 5. Frequency response of the proposed dual-band BP filter for 

different values of g2 (a) S21, (b) S11. 
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Fig. 6. Frequency response of the proposed dual-band BP filter for 

different values of w1 (a) S21, (b) S11. 

 
Fig. 7. Frequency response of the proposed dual-band BP filter for 

different values of l1 (a) S21, (b) S11. 

The last structural parameter is the radius of the disk 

resonator (r1). As shown in Fig. 8, by increasing the r1 value 

from 1.3 to 1.7 mm with the steps of 0.1 mm, the location of the 

second resonance frequency shifts to lower frequencies, while 

the first resonance frequency remains unchanged. Given the 

wide range of changes in the second frequency location, it can 

be concluded that the proposed filter is tunable at the second 

band without alteringthe total size of the circuit. This property 

is one of the notable features of the BP filter designed in this 

paper.   
 

 
Fig. 8. Frequency response of the proposed dual-band BP filter for 

different values of r1 (a) S21, (b) S11. 

 

V.  INVESTIGATION OF THE SURFACE CURRENT 

DENSITY OF THE PROPOSED FILTER 

In this section, to clarify the operating mechanism of the 

dual-band BP filter, the surface current densities of two 

passbands (3.7 and 5.7 GHz) are investigated. Fig. 9 shows this 

scenario. As seen, the current between the input and output 

ports of the BPF exists for two passbands. Also, Fig. 9 (a) (the 

surface current density of the first passband) shows that a large 

surface current density is induced on the U-shaped waveguide. 

In the other passband frequency (Fig. 9 (b)), the current 

distributions become more concentrated at the bottom section 

of the disk resonator and the stub resonator.  
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Fig. 9. The current density distribution of the proposed dual-band BP filter 

at (a) 3.7 GHz, and (b) 5.7 GHz. 

VI.  RESULTS AND COMPARISONS 

The proposed dual-band BP filter is designed on 

Rogers_RO4003 substrate (h= 20 mil, εr= 3.38, and loss 

tangent= 0.0022) and simulated by the method of moments in 

ADS software. The proposed filter has two passbands centering 

at 3.7 and 5.7 GHz with maximum insertion losses of 0.62 and 

0.75 dB, and return losses better than 21.9 and 20.1 dB. 

Moreover, the maximum attenuation level in the stopbands 

(before the first band, between two bands, and after the second 

band) is more than 20 dB. The circuit size of the proposed filter 

is 12.55 × 9.9 mm2. It is worth mentioning that its second band 

can be tuned by changing the radius of the disk resonator 

without the necessity to change the total circuit size.   
 

Finally, to create a better view of the reliability of the 

obtained results, the main parameters of the proposed filter are 

compared to other works in Table I. These parameters are the 

resonance frequencies (fr), insertion losses (IL), and return 

losses (RL) of the resonance frequencies, the upper stop-band 

bandwidths, and the total sizes of the filters. Each of these 

compared parameters is further discussed. 

According to the table, BP filters can have one or several 

passbands. Here, BP filters with one, two, and three passbands 

are investigated. In an ideal filter, to pass signals in the 

passbands without any weakening, the insertion loss values of 

the passbands should be low and the return loss values of the 

passbands have to be high in the passbands. For the proposed 

filter designed in this paper, the desirable values for insertion 

loss and return loss are less than 1 dB and more than 20 dB, 

respectively. As observed, the suggested BP filter is among the 

lowest insertion loss and highest return loss filters. 

The other compared parameter is the upper stop-band 

bandwidth based on the highest resonance frequency ratio. As 

seen, the proposed filter falls within the highest stop-band 

bandwidth. The last parameter that is investigated is the total 

sizes of the filters. As known, having a compact size is one of 

the advantages that should be considered in the design of 

microwave devices. Therefore, in this paper, by considering 

such a property, the proposed filter is well-designed. In addition 

to the desirable properties mentioned in Table 1, the proposed 

filter has other advantages. For example, its simple and 

symmetrical structure resulted in no distinction between the 

input and output ports. Furthermore, its second resonance 

frequency can be easily tuned without increasing the overall 

size. On the whole, the proposed BP filter has several 

advantageous features compared to the other relevant designs.   
 

TABLE I 

 Performance Comparisons Among the Proposed Dual-Band Bp Filter and 

Other Relevant Designs 

Ref 
fr 

(GHz) 

IL 

(dB) 

RL 

(dB) 

Stop-band 

Bandwidth 
Size (mm2) 

[70] 

1.8 

3.7 

5.5 

2.23 

2.98 

3.31 

17.2 

33.6 

17.9 

0.63 fr3 35×22 

[71] 
1.5 

2.4 

1.1 

0.9 

21.2 

21.2 
1.16 fr2 25×15.3 

[72] 
2.55 

3.65 

1.22 

2.13 

20 

20 
0.098 fr2 41.2×41.5 

[73] 
2.4 

3.6 

1.2 

1.67 

12 

12 
0.48 fr2 17.5×17.5 

[74] 
2.4 

5.8 

1.28 

0.96 

18.2 

21.8 
0.086 fr2 1.7×3.6 

[75] 
2.45 

5.43 

1.8 

1.4 

16 

16 
0.055 fr2 16×17.2 

[76] 
5.2 

8.04 

0.8 

0.8 

14 

14 
0.9 fr2 22.2×11.9 

[77] 
2.7 

3.65 

0.8 

0.8 

>21 

>21 
0.83 fr2 11.1×8 

[78] 
2.1 

2.6 

0.68 

1.08 

19.3 

30.7 
1.4 fr2 16.4×13.4 

[79] 2 0.8 >25 0.37 fr2 40×14.38 

This 

work 

3.7 

5.7 

0.62 

0.75 

21.9 

20.1 
0.75 fr2 12.9×9.5 

 

VII.  CONCLUSION 

In Summary, the optimal characteristics of a novel compact 

dual-band BP filter using a microstrip structure are presented in 

this paper. The proposed filter structure is composed of a disk 

resonator coupled to a U-shaped waveguide through a stub 

resonator. Utilization of a U-shaped waveguide contributes to 

shrinking the size of the structure. Also, using a disk resonator 

creates the property of tunability in the second band. Moreover, 

there is no distinction between the input and output ports due to 

the symmetrical structure of the filter. With all these suitable 

features, the proposed filter is applicable for Wi-MAX and 

WLAN Systems applications. 
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