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 Due to the progression growth of multiservice wireless communication 

systems in a single device, multiband bandpass filter has attract a great 

attention to the end user. Therefore, multiband bandpass filter is a crucial 

component in the multiband transceivers systems which can support multiple 

services in one device. This paper presents a design of dual-band bandpass 

filter at 2.4 GHz and 3.5 GHz for WLAN and WiMAX applications. Firstly, 

the wideband bandpass filter is designed at a center frequency of 3 GHz 

based on quarter-wavelength short circuited stub. Three types of defected 

microstrip structure (DMS) are implemented to produce a wide notch band, 

which are T-inversed shape, C-shape, and U-shape. Based on the performance 

comparisons, U-shaped DMS is selected to be integrated with the bandpass 

filter. The designed filter achieved two passbands centered at 2.51 GHz and 

3.59 GHz with 3 dB bandwidth of 15.94% and 15.86%. The proposed design 

is very useful for wireless communication systems and its applications such 

as WLAN and WiMAX.  
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1. INTRODUCTION  

Development in wireless communication has created more potential in IEEE 802 family local area 

networks and metropolitan area networks. As the wireless communications benchmark are continuously 

transforming to boost the new features and technologies. Hence, both of base station and end-user terminal 

have to implement dynamic communication chains capable of supporting multi-frequency that implied by 

Software-defined radio (SDR) [1, 2]. This SDR system will makes it easy to contain new standards with less 

hardware modification and reduces the time consuming. Due to the latest impositions towards  

the development and technology of multi-purpose RF front-ends [3, 4], which can support multiple services 

at the same time such as global system for mobility (GSM) and code division multiple access (CDMA) 

mobile cell phone services at 0.9/1.8 GHz, or IEEE 802.11a/b/g wireless local area local area network 
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(WLAN) specifications at the 2.4/5.2-GHz bands. Therefore, a single microwave filter which can support 

multiple wireless applications is strongly demanded [5-9]. Many innovative multi-band bandpass filter 

designs have been proposed in the literature [10-23]. In order to subdivide the bandpass response into  

a couple of passbands (dual-band or multi-band), notch filter or band-stop filter design is required. Defected 

microstrip structure (DMS) is used as band-stop filter. This paper presents study and comparison of different 

DMS shapes responses and their effects on the performance of dual-band bandpass filter. 

 

 

2. RESEARCH METHOD 

The process of the design in this work starting with designing wide-band bandpass filter, followed 

by designing DMS to introduce a notch response, then integration of DMS with wide-band filter in order to 

produce the dual-band bandpass filter. 

 

2.1. Wideband bandpass filter 

In this section, wideband BPF is designed based on conventional λ/4 short circuited stub for  

the frequency band 2.3-3.9 GHz to cover the wireless communication applications such as WiMAX and 

WLAN. The design is built based on a substrate RO4350B with ∈𝑟=3.48 and a thickness of 0.508 mm. 

Figure 1 shows the physical layout of the designed microstrip 5th order short circuit stubs BPF.  

 

 

 
 

Figure 1. Layout of the designed microstrip for 5th order stub bandpass filter with quarter-wavelength  

short-circuited stubs 

 

In order to get the best performance, parametric study is conducted. Where, varying the diameter of 

via holes may affect the response. There is a slight shift of the bandwidth to the high frequency as the radius 

of via holes increased as shown in Figure 2(a). Also, the various thicknesses of the substrate influence  

the performance of the bandpass filter. From Figure 2(b), it is observed that with increasing the thickness of 

the substrate, the bandwidth will be wider as well as the center frequency deviate from the preferred 

frequency. As a result, the radius of 0.75 mm and thickness of 0.508 mm is selected in this filter design to 

yield a best result. The simulation results in Figure 3 show return loss greater than 15 dB and insertion loss  

is 0.01dB. From the results, the filter obtains a highly selective wideband bandpass response with the 

fractional bandwidth of 51.6% centered at 3 GHz.  
 

 

  
  

(a) (b) 
  

Figure 2. Shift of the bandwidth, (a) Effect diameter of via hole variation, (b) Effect of thickness substrate 

variation 
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Figure 3. Simulated results of physical layout short-circuited stubs bandpass filter  

 

2.2. Defected microstrip structure 

With the rapid growth and development of the wireless communication systems, the demand in  

the introduction of notch filter within a wideband passband become higher. This notch filter is needed to eliminate  

the undesired interference or subdivide the bandpass response into a couple of passbands. In this section,  

the implementation of defected microstrip structure [24-25] in wideband response will be further discussed for  

dual-band bandpass filter application. This DMS is made at the notch response of 3 GHz to remove the unwanted 

radio signal. Different DMS structures such as T-inversed shape, C-shape, and U- Shape are discussed and their 

performance are analyzed in order to assess its suitability for dual-band BPF.  

 

a. Defected microstrip structure with T-inverse shaped 

The defected microstrip structure of conventional T-inverse shaped is presented in Figure 4.  

This type of DMS comprises of two parts such that the black area is copper and white area is the slot 

structure. The DMS in the microstrip line will lead the electrical length to be higher. Other than that,  

this DMS also will distract the current distribution that ultimately boost the capacitance and inductance of  

a microstrip line. As a result, this DMS offers the characteristic of stopband and slow wave response. In order 

to simulate and analyze the DMS, the substrate material of roger duroid 4350 with permittivity of 3.48 and 

the thickness of 0.508 mm is used. The structure is analyzed based on the selectivity and notch of response. 

Therefore, the simulated results shows the notch attenuated at frequency of 3 GHz with the dimensions of 

𝑤1=0.65 mm, 𝑙1=0.5 mm, 𝑤2=0.45 mm, 𝑙2=13.65 mm and characteristic impedance of 50 Ω is chosen. 

 

 

 
 

Figure 4. DMS of conventional T-inverse shaped 

 

 

To investigate the characteristic of conventional T-inversed shaped of DMS, the affect structural 

variables of 𝑙1 and 𝑤2 were studied thoroughly. The various dimension of 𝑙1with the properties of resonant 

for T-inversed DMS is outlined in Figure 5(a). Meanwhile, Figure 5(b) exhibited the effect of notch response 

as 𝑤2 is varied from 12.9 mm to 14.5 mm. For this specific design, it can be observed as 𝑤2 is increases,  

the lower the frequency it achieved. Then, the attenuation level of the notch response is greater than 40 dB. 

Nevertheless, it obviously noticed that the insertion loss, 𝑆21 on the lower frequency is poor and may 

influence the performance of dual-band bandpass filter as DMS implemented with bandpass filter.  

The parametric analysis also signifies that by altering the preferred variables in DMS structure will not 

enhance 𝑆21 at lower frequency. 
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(a) (b) 
  

Figure 5. Relationship between dimension and properties of resonant (a) Effect of notch response when 𝑙1 is 

varied, (b) Effect of notch response when 𝑤2 is varied 

 

 

b. Defected microstrip structure with conventional C-shaped 

Figure 6 shows the second structure of DMS that may disrupt the current distribution on the microstrip line 

which is C-shaped. The DMS is developed based on Roger Duroid 4350 with permittivity and thickness of 3.48 and 

0.508 mm respectively. This structure is designed and analyzed at the resonant frequency of 3 GHz with  

the parametric analysis of selectivity and insertion loss, 𝑆21 conducted on the notch response. The structure of  

C-shaped DMS notch filter comprises of a few dimensions such that 𝑤1=27.1 mm, 𝑤2=3.5 mm, 𝑙1=𝑙2=0.4 mm,  

𝑙3=1.2 mm and standard characteristic impedance of 50 Ω is chosen. Therefore, the dimensions of 𝑤1and  

𝑙1 is chosen to perform the parametric study and examine the performance of notch response for C-shaped DMS. 

Figure 7(a) demonstrates the effect of varying the 𝑤1on the notch response. The dimension of 𝑤1is varied at the range 

of 7.1 mm to 47.1 mm. As the dimension of 𝑤1is decreases, the resonant frequency and bandwidth attained are higher 

and smaller respectively. In a contrary, the insertion loss is poor as the dimension of 𝑤1increases. Other than that,  

the 𝑙1 also one of the parameters which may affect the notch response as shown in Figure 7(b). This effect validated 

that increasing the length of 𝑙1 will lead to the decreasing of resonant frequency.  

 

 

 
 

Figure 6. DMS of conventional C-inverse shaped 

 

 

  
  

(a) (b) 
  

Figure 7. Performance of notch response, (a) Effect of notch response when 𝑤2 is varied, (b) Effect of notch 

response when 𝑙1 is varied 
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c. DMS with conventional U-shaped 

The U-shaped DMS comprises of horizontal and vertical slot in the middle of conductor line as 

shown in Figure 8. The DMS construction gives resonant frequency centered at 3 GHz with the wider 

bandwidth and high selectivity. The substrate of roger duroid 4350 with permittivity of 3.48 and  

the thickness of 0.508 mm is used to simulate and analyze the performance of the U-shaped DMS.  

The simulated notch response in Figure 9 gives the attenuation level more than -30 dB, return loss is -0.2 dB, 

and the bandwidth of 400 MHz at frequency of 3GHz. 
 

 

 
 

Figure 8. DMS of conventional U-inverse shaped 

 

 

 
 

Figure 9. Simulated notch response of U-shaped DMS 
 

 

The U-shaped DMS is constructed to attenuate the notch response at the preferred frequency with 

dimensions of 𝑤1=16.3 mm, 𝑤2=16 mm, 𝑤3=0.35 mm, 𝑙1=1.1 mm and 𝑙2=0.4 mm. The parameter of 𝑤1and 

𝑙2 is selected to analyze the parametric study and observe the changes on the notch response. Based on the 

observation from Figure 10(a) and Figure 10(b), it can be concluded that increasing the length of 𝑤1and 

𝑙2 will cause the decreasing in resonant frequency. However, Figure 10(b) exhibited that the insertion loss of 

notch response is poor and the bandwidth become wider as the dimension of 𝑙2 increasing. 

 

 

  
  

(a) (b) 
  

Figure 10. Notch response, (a) Effect of notch response when 𝑤1 is varied, (b) Effect of notch response when 

𝑙2 is varied 
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Figure 11 displays the comparison of simulated notch response for three types of conventional 

DMSs; T-inverse shaped, C-shaped, and U-shaped at frequency of 3 GHz. The performance of these DMSs 

are described in terms of insertion loss and bandwidth. The bandwidth for T-inverse shaped and C-shaped are 

quite wider and smaller compared to the U-shaped. The U-shaped DMS has the fractional bandwidth of  

7.5% which fulfilled the desired requirement for designing the dual-band bandpass filter. The U-shaped DMS 

also produce low and strong insertion loss rather than the DMS of T-inverse shaped and U shaped.  

As a result, the proposed U-shaped DMS is proved as an effective band-stop filter with wider bandwidth  

and high selectivity. 

 

 

 

Figure 11. Comparison of simulated notch response for conventional DMS of T-inverse shaped, C-shaped 

and U-shaped 

 

 

3. DUAL-BAND BANDPASS FILTER  

In order to enhance the performance of dual-band bandpass filter, two structures of U-shaped DMS 

are placed on the transmission line of bandpass filter to produce high attenuation level and better selectivity 

as shown in Figure 12. Figure 13 shows that implementation of two DMSs increases the attenuation level of 

band reject response. 
 

 

 
 

Figure 12. Proposed integrated of bandpass filter with two U-shaped DMS 

 

 

 
 

Figure 13. Comparison simulated response of a dual-band bandpass filter for the integration of one DMS and 

two DMSs 
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The parametric study exhibited in Figure 14 proved that the distance between the two DMSs,  

d1=6.7 mm is the best position to yield improved performance in return loss and insertion loss. As d1 

increases, the attenuation level of notch response is decreases and bandwidth for two passbands become 

wider. Other than that, the response shows the insertion loss, S21 of dual-band bandpass filter is poor as increasing 

of d1. 

 

 

 
 

Figure 14. Effect of dual-band response as 𝑑1 is varied 

 

 

Figure 15 displays the fabricated of the integrated bandpass filter with U-shaped DMS structure.  

The fabricated dimension for this is approximately 89.5 mm x 13.2 mm. Figure 16 presented the comparison 

between the simulated and fabricated response of dual-band bandpass filter. From Figure 16, it can be noted 

that the fabricated dual-band BPF has two passbands centered at 2.51 GHz and 3.59 GHz with 3-dB 

bandwidth of 15.94% and 15.86%, respectively. At the lower and upper passbands, the measured insertion 

losses including the loss from two SMA connectors are better than 1 dB respectively. The measured return 

losses for both passbands are greater than 15 dB It exhibited that the measured results achieved a good 

agreement with the simulated results. Slight deviation is observed due to the fabrication tolerance. 
 

 

 
 

Figure 15. Fabricated of integrated bandpass filter with U-shaped DMS 
 

 

 
 

Figure 16. Simulated and measured response of proposed dual-band bandpass filter 
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4. CONCLUSION  

In this paper, the design and development of dual-band bandpass filter at frequency of 2.3-2.7GHz 

and 3.1-3.75GHz for WLAN and WiMAX wireless communication applications has been successfully 

investigated and obtained. Firstly, dual-band bandpass filter employing the topology of short circuit stubs and 

DMS was designed. The wideband bandpass filter was constructed using quarter wavelength short circuit 

stubs with a fractional bandwidth of about 51.6% at the passband with the range of 2.3 GHz to 3.9 GHz. 

Three different shapes of DMS are designed and their performances have been evaluated. The obtained 

results from these designs indicate that the most suitable DMS is U-shape DMS due to its wider bandwidth 

and high selectivity. Therefore, U-shaped DMS has been introduced to the wideband bandpass filter to 

generate the dual-band passbands centered at 2.51 GHz and 3.59 GHz with FBW of about 15.94% and 

15.86% respectively. The dual band filters have been simulated based on roger 4350B using advanced design 

system (ADS). The proposed design has been validated through an experimental work. The obtained results 

show good agreement between simulation and measurement results. Further research on this design can be 

carried out for triple-passband and introduce the tunable trait into it. 
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