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 This study proposes a new design of low-cost dual-bandpass filter for 

worldwide interoperability and microwave access (WiMAX) band at  

3.50 GHz and mobile communications band at 1.19 GHz. A high pass filter 

and a stopband filter make up the new dual-bandpass filter structure. 

Different theoretical studies were carried out for the design of the proposed 

filter. This filter’s base is a RO5880 substrate with a dielectric permittivity 

constant of 2.2, loss tangent of 0.0009 and 1.6 mm thickness. High mashing 

density was used to validate the various simulated structures while 

accounting for two numerical methods: the moment technique and the finite 

integration method. The final circuit's overall dimensions are 60×178,3 mm2. 
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1. INTRODUCTION 

The use of mobile devices and telecommunications systems has expanded significantly in recent 

years. These systems have already seen widespread use in industry, business, housing, and the military. 

However, the most important factors in the context of an industrial process for equipment supporting 

radiofrequency devices are streamlining design and manufacture, cutting manufacturing costs, and increasing 

the equipment’s performance. To ensure flawless and accurate transmission and/or reception, this 

presupposes the application and implementation of strategies for optimizing, miniaturizing, and enhancing 

the microwave circuits that make up these systems [1]−[8]. This work focuses on the design of a new dual 

band-pass filter employing planar technology in this context. 

Multiband filters are an essential circuit block in multiband wireless communication systems that 

was recently designed and widely used [9]−[15]. Multiband bandpass filters have garnered a lot of consumer 

interest as a result of the development and proliferation of multiservice wireless communication systems in a 

single device. Single-band filters were employed in the past and could only function in one frequency band. 

Dual band or multi band microwave filters that can be integrated in a single device are required to satisfy 

user needs. Multiband filters are an essential circuit block in multiband wireless communication systems that 

https://creativecommons.org/licenses/by-sa/4.0/
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was recently designed and widely used. Several band passes due to their specific characteristics, which 

means a high selectivity, deep transmission zeros, wide rejection band, an abrupt roll-off rate, and tunable 

conduct, filters have a special place in radio frequency (RF) receivers. This is especially true given the speed 

at which wireless communication systems are developing [16]−[18]. Band pass filters are used in a wide 

range of wireless communication systems, particularly microwave systems with limited space for microwave 

components and circuits [19]−[23]. The following requirements must be met by this type of filter in order to 

work with contemporary communication systems: insertion loss reduction in the band, high selectivity, size 

compactness, and harmonics suppression [24]−[26]. 

 

 

2. METHOD 

2.1.  Optimum distributed high pass filter 

Figure 1 present the design of the distributed highpass filter; Figure 1(a) presents the optimum 

design and Figure 1(b) presents the fundamental design. It consists of a series of electrically lengthened shunt 

short-circuited stubs c spaced apart by connecting lines (unit elements) of electrical length 2c, and operates at 

a frequency fc (usually the high pass cutoff frequency). The filter has a degree 2n-1 insertion function, 

therefore even though it only has n stubs, its highpass response contains 2n-1 ripples. 

 

 

  

(a) (b) 
 

Figure 1. Design of the distributed highpass filter (a) optimal distributed highpass filter and (b) fundamental 

design of optimum distributed highpass filter [1] 

 

 

The (1) can be used to determine the electrical length 𝜃𝑐 as illustrated in Figure 1(a). Figure 1 shows 

the anticipated design of highpass filters with 2-6 stubs and a pass band ripple of 0.1 dB for 𝜃𝑐 = 25°, 30° and 

35°. Figure 2 summarizes the parameters of the network. When Z0 is the terminating impedance [1], the 

normalized characteristic admittance of transmission line components are tabulated, and the related 

characteristic line impedance are calculated using (2) and (3). 
 

𝑓=𝑓𝑐 (𝜋∕𝜃𝑐−1) (1) 
 

𝑍𝑖=𝑍0∕𝑦𝑖 (2) 
 

𝑍𝑖, +1=𝑍0∕𝑦𝑖, +1 (3) 
 

 

 
 

Figure 2. Admittance value of microstrip high pass filters with 0.1 dB ripple [1] 
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2.2.  Optimum bandstop filter 

On specific frequencies, band pass filters are employed to block undesired transmissions. Figure 3 

depict the transmission line network of a bandstop filter at the mid-stop-band frequency with open-circuited 

stubs. Figure 3(a) presents the bandstop filter with open-circuited stubs and Figure 3(b) presents the 

fundamental design of bandstop filter with open-circuited stub. 

 

 

 
(a) 

 

 
(b) 

 

Figure 3. The transmission line network of a bandstop filter; (a) bandstop filter with open-circuited stubs and 

(b) fundamental design of bandstop filter with open-circuited stubs [1] 

 

 

The open-circuited, quarter-wavelength stubs divide the shunt into unit elements with a length of 

one wavelength [1]. Figure 4 displays the specifications of the best bandstop filters for n=3. The two 

termination impedances, Z𝐴 and Z𝐵, and the characteristic impedances, Z𝑖 for open-circuited stubs and Z𝑖,𝑖+1 

for unit components, are what determine the filter’s filtration capabilities [1]. 

 

𝑍𝑖=𝑍0∕𝑔𝑖 (4) 

 

𝑍𝑖, +1=𝑍0∕𝑗𝑖, +1 (5) 

 

 

 
 

Figure 4. Optimal bandstop filter element values for n=3 [1] 

 

 

3. RESULTS AND DISCUSSION 

3.1.  Optimum distributed highpass filter 

Figure 5 depicts the simulation of the highpass filter. The substrate used in the design, RO5880, has 

a dielectric constant of 2.2, a loss tangent of 0.0009, and a substrate height of 1.6 mm. The obtained graph 

after the simulation of highpass filter is shown in Figure 6. In the recommended work, the result is estimated 

in the frequency range of 0.1 to 4 GHz. Passband was considered up to 6 GHz for 0.1 dB ripple when 

developing such a microstrip highpass filter with a cutoff frequency of 1 GHz. Table 1 provides an overview 

of the widths and physical lengths of the stubs connected to the characteristic admittances of the microstrip 

line, which may be calculated using equations. 
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Figure 5. Design of the proposed high pass filter 
 

 

 
 

Figure 6. Graph of high pass filter 
 

 

Table 1. Basic design parameters of microstrip high pass filter 
yi Zi (Ohm) Wi (mm) Li (mm) 

y1=0.26501 Z1=188.67 W1=0.166 L1=16.704 
y1,2=1.09704 Z1,2=45.57 W1,2=5.594 L1,2=31.11 

y2=0.31531 Z2=158.57 W2=0.353 L2=16.548 

y2,3=1.08110 Z2,3=46.24 W2,3=5.476 L2,3=31.131 
y3=0.35811 Z3=139.62 W3= 0.553 L3=16.444 

 

 

The admittance values for 𝜃𝑐=25.71° is calculated by interpolation from the admittance values 

shown in Table 1. Three short circuited stubs are included in the design of the microstrip highpass filter.  

The admittance values are selected for n=6 and 𝜃𝑐=25° from Figure 2, which provides a good bandwidth up 

to 6 GHz, because the electrical length and the bandwidth are inversely proportional to each other.  

The admittance value y1 is determined as follows for n=6 and 𝜃𝑐=25.71°. 

 

y1=0.25038 + [(0.35346−0.25038) ∕5(25.71−25)] 

y1=0.26501 

 

Similar information may be found in Table 1 for the remaining element values. The characteristic 

impedances for microstrip line elements are determined using (2)-(3). The microstrip high pass filter has a  

50 Ω port at each end for supplying input signals and measuring output response. Figure 5 illustrates the 

basic nature of a microstrip filter, which consists of three quarter-wavelength stubs connected together by 

connecting microstrip lines. The cutoff frequency is indicated in Figure 6 as 1.1 GHz on the graph. Perfect 

impedance matching is implied by the return loss following the 1.48 GHz signal. 
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3.2.  Optimum bandstop filter 

The filter was designed using the ADS solver see Figure 7, where roger RO5880 is selected as a 

substrate with dielectric constant of 2.2, loss tangent 0.0009 and height of substrate 1.6 mm. For n =3 and by 

using (4) and (5) the characteristic impedances for the Microstrip line elements are calculated. All these 

impedance of transmission lines are sent by the 1st solver along with the substrate parameters. Table 2 

displays this filter’s dimensions. The simulation results of a band stop filter done using the ADS solver 

simulator see Figure 8 shows cutoff frequencies at f1=1.4 GHz and f2=3.45 GHz. 
 

 

 
 

Figure 7. The band-stop filter circuit 
 

 

Table 2. Dimensions of the bandstop filter 
gi/Ji Zi (Ohm) Wi (mm) Li (mm) 

g1=g3=0.94806 Z1=Z3= 52.74 L1=L3=21.884 W1=W3=4.50 
g2=1.67311 Z2=29.88 L2=21.325 W2=9.982 

J1,2=J2,3=0.56648 Z1,2=Z2,3=88.26 L1,2=L2,3=22.478 W1,2=W2,3=1.808 

g1= g3=0.94806 Z1=Z3= 52.74 L1=L3=21.884 W1=W3=4.500 

 

 

 
 

Figure 8. S-parameter of the band stop filter 

 

 

3.3.  Dual bandpass filter 

The high pass filter and band stop filter showed in Figure 9 are cascaded directly to form a dual 

band pass filter. In this circuit, three shorted stubs are used. The dielectric material used as a substrate is 

RO5880 substrate which has thickness of 1.6 mm, loss tangent of 0.0009 and dielectric constant of 2.2.  

The whole area of the proposed circuit is 60×178,3 mm2. Tables 3 and 4 list different values of the short-

circuited shunts of sections of electrical length c and connection lines of electrical length 2c. After the 

comparison of the results obtained through the parametric studies carried out (Figures 10 and 11) and as 

illustrated in Figure 12, the simulated central frequencies are 1.19 and 3.50 GHz. 
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Figure 9. Geometry of the dual band pass filter 

 

 

Table 3. The different values of the parameter ‘w’ of 

electrical length c 
Parameter Value 1 Value 2 Value 3 

W1 2.594 5.594 8.594 

W2 2.476 5.476 8.476 

W3 2.442 5.442 8.442 
 

Table 4. The different values of the parameter ‘w’ of 

electrical length 2c 
Parameter Value 1 Value 2 Value 3 

W1 0.166 2.166 4.166 

W2 0.353 2.353 4.353 

W3 0.553 2.553 4.553 
 

 

 

  
 

Figure 10. Simulation results for the suggested filter for 

different electrical length c values, indicated by “w” 

 

Figure 11. Simulation results of proposed filter 

versus the value of ‘w’ of electrical length 2c 

 

 

 
 

Figure 12. Results of simulation using moments method for the suggested dual band pass filter 
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A deep transmission zero between the two bands was located at 2.6 GHz, resulting in high isolation 

with an attenuation level of more than -150 dB. The return losses of the first and second bands (at the central 

frequencies) are 13 dB and 40 dB and insertion losses of them are 0.37 dB and 0.24 dB. We repeated the 

analysis using a different electromagnetic solver using finite integration technique (FIT) from CST which is 

3D design to confirm the simulation results obtained with the first solver by using moments method, Table 5 

shows all dimension parameters as shown in Figure 13. Figure 14 show the perspective view of the 3D layout 

of the suggested dual bandpass filter using FIT. As illustrated in Figure 15, and compared with Figure 12 we 

have a dual band pass filter behavior with a minor variance due to the various numerical techniques utilized 

in these electromagnetic solvers. 
 

 

Table 5. The suggested filter’s optimized dimensions 
Parameter Value Parameter Value 

W1 3 W6 4.5 

L1 5.083 L6 21.884 

W2 3 W7 22.478 
L2 12.25 L7 31.11 

W3 5.442 W8 22.478 

L3 94.367 L8 31.131 
W4 

L4 

W5 
L5 

 4.5 

22.48 

9.982 
31.325 

W9 

W10 

W11 

0.553 

0.353 

0.166 

 

 

 
 

Figure 13. The dual band-pass filter comparable circuit created by the second solver 
 

 

 
 

Figure 14. Three-dimensional depiction of the proposed filter 
 

 

 
 

Figure 15. Simulation results of proposed band pass filter by FIT 
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Figure 16 presents the current distributions of the proposed filter for frequencies of 1.19 GHz,  

2.5 GHz, and 3.5 GHz. This demonstrates that the current is effectively transmitted from the input to the 

output terminal for the bandpass frequencies at 1.19 GHz and 3.5 GHz. At 2.5 GHz the signal is largely 

attenuated from reaching the output. The comparison between our study and the literatures is shown in  

Table 6, which concludes that the recommended filter performs well compared to other filters in terms of S11, 

which is very high at 3.5 GHz, as well as for S21 which has good attenuation. 
 

 

 
 

Figure 16. The suggested filter’s current distribution at various frequencies 
 

 

Table 6. Comparison of the proposed filter and others structures 
Ref Bands (GHz) S21 (dB) S11 (dB) FBW (%) 

[19] 0.85 0.98 15 16.84 
[20] 0.98 0.9 17 20 

[21] 3.5 1.3 28.6 6.23 

[22] 3.4 0.37 19 12 

This work 1.19/3.5 0.24/0.37 13/40 39.5/11.14 

 

 

4. CONCLUSION 

For mobile phone and WiMAX applications, a novel dual bandpass microstrip filter with 

outstanding electrical performance and compact size is proposed. It consists of a stop band filter and a high-

pass filter. The dual bandpass filter consists of two operating frequency bands, one around 1.19 GHz and the 

second one at 3.50 GHz. The RO5880 substrate is used to mount the recommended filter. Because this study 

is theoretical in nature and may be tailored to appropriate frequency bands, It is compatible with more 

frequency bands. Using two distinct electromagnetic simulators, we examined the suggested circuit’s 

frequency response. Furthermore, the final recommended circuit operates effectively in terms of insertion 

loss and return loss. Among perspectives of this study, the recommended filter can be associated to active 

components as varactors permitting to control and to adjust the frequency band making the proposed filter 

reconfigurable in term of frequency band. 
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