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 A new design of microstrip dual mode band-pass-filter (BPF) by using 
stepped impedance resonator (SIR) based on shorting pin is proposed.  
The designed structure use two U-shaped tri-sections SIR resonators coupled 

to each other and a two coupled line feeding ports each of 50 ohm 
impedance. Shorting pins are used to excite the upper frequency passband  
in the re sponse of the filter due to current distribution perturbation  
at the locations of the shorting pins. For demonstration, WLAN  
(5.2-5.7 GHz) and GSM (1.85-1.99 GHz) and Advanced Wireless Services 
(AWS) (1.71-1.755 GHz). The return losses are -32.469 dB and -26.18 dB 
respectively at the operating frequencies of the filter. The results of insertion 
losses of the filter are 0.37 and 0.24 dB during the operating bands and more 
than 25 dB which consider a good out-of- band rejection. 
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1. INTRODUCTION  

Presently, wireless communication systems like wireless code division multiple access (WCDMA), 
mobile communication systems (GSM, CDMA, WCDMA, TD-SCDMA), and especially IEEE standards for 

wireless networks such as WLANs IEEE 802.11g and IEEE 802.11b that operate at 2.4 GHz frequency;  

and products of IEEE 802.11a operate at 5.8 GHz frequency [1, 2], the communication systems with short 

range such as UWB and Bluetooth, which provide suitable communication services in modernistic society. 

The compact equipment which support multimode wireless systems are attractive and will be openly applied 

in the future [3, 4]. Besides simple designed realization, low pass-band insertion loss, high selectivity, the 

requisite requirement of band-pass filters for wireless communication systems is large stopband 

characteristics and a consolidated size this is substantial in new generation of wireless communication 

systems. Band-pass-filter (BPF) has a substantial role in the communication systems devices. BPF can be 

designed as a multi-mode circuit [5].  

Dual mode resonators have very desirable features for design of band-pass filter (BPF), like low 

radiation loss, size miniaturization, and ease designing due to transmission line theory. The dual mode 
microstrip filters are significant in minimization techniques due to the high performance, they can be 

implemented as a double circuit in one structure with compared to designs of single mode band-pass filter 

when two decadent modes are coupled to each other by appropriate disturbance stimulation [6-8]. A dual 

mode resonator can be used as a double tuned circuit [9]. Thus, the number of resonators desired is reduced 

to half for a given degree of filter, which leads to a compact filter setup [10, 11].  

Stepped impedance resonators (SIR) may be defined as a TEM or quasi-TEM mode resonators 

consist of multiple transmission lines with different characteristic impedance [12]. SIR filters are designed as 

several line sections of non-uniform widths coupled together with common input-output [5]. The second 
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pass-band in the frequency response of dual-mode resonator is really a harmonic response, and it can be set 

by the structural parameters of the SIR [10]. Filter may require a huge circuit area or footprint, when it 

designed at a low microwave frequency. To eliminate this problem and for getting best utilization 

a multi-layer circuit technique, a new connotation of folded resonator, can be applied for minimizing filters 

[12, 13]. Moreover, the dual mode microstrip resonators in the microwave printed are supplied by a pair of 

orthogonal feed lines organized in 90˚ (or 270˚) in order to get the two decadent modes and pairing them to 

each other. However, the orthogonal feed lines may not be physically appropriate for all microwave 

networks. Dual-mode microstrip filters may be fed by a pair of feed lines adjusted at 180˚ geometrically, over 
a straight line [14, 15]. 

In this paper, a dual mode band-pass filter is proposed by using two U-shaped tri-sections SIR 

resonators paired with each other and a two coupled line feeding ports each with impedance of 50 ohms.  

In the response of the filter, shorting pins are used for excitation the upper frequency pass-band due to 

current distribution perturbation at the locations of the shorting pins for WLAN applications. The structure 

and dimensions of the filter are implemented and optimized by using commercial electromagnetic simulator 

CST microwave studio. 

 

 

2. DUAL-MODE STEPPED IMPEDANCE RESONATOR (SIR) 

The fundamental design of half wavelength SIR contains two lines of various characteristic 

impedances which are 𝑍1 and 𝑍2 with electrical lengths 𝜃1 and 𝜃2 as shown in Figure 1(a). It structured by 

cascading a long length (2𝜃1) at low impedance section (𝑍1) in the center and in the two sides end contacted 

with the short length (𝜃2) at high impedance section (𝑍2) [16]. Utilizing a folded stepped impedance 

resonator, source load (input/output) coupling can easily be applied to produce transmission zeros in the 

stopband as indicated in Figure 1(b) [16, 17]. 

 

 

 
 

Figure 1. Dimensional and Electrical parameters of a resonator, (a) stepped impedance resonator (SIR),  

(b) folded SIR structure 

 

 

The conditions of resonance can be gained from one of them since the half-wavelength SIR is 
symmetrical [18]. The resonator impedance can be computed as the following form [15]: 

 

𝑍𝑖𝑛 = 𝑗𝑍2
𝑍1 tan 𝜃1  +𝑍2 tan 𝜃2  

𝑍1−𝑍2 tan 𝜃1  tan 𝜃2  
 (1) 

 

According to (1), the resonance occurs when 𝑍𝑖𝑛 is infinite, specifically the denominator of (1) is 

equal to zero. Therefore, the following form can be obtained as the resonance condition [19]: 

 
𝑍2

𝑍1
= tan 𝜃1 tan 𝜃2 = 𝑅𝑧 (2) 

 

where 𝑅𝑧 is the impedance ratio. The resonance conditions are determined by 𝜃1, 𝜃2 and 𝑅𝑧 as given in (2). 

These three factors are required to generate the resonance that, and a dual mode filter can be designed by 

using SIR [19, 20].  

The 𝜃1 is equal to the 𝜃2 in most practical application. In this case, the first spurious resonance 

appears at 

 

tan 𝜃𝑠1 = ∞  (3) 

 

where 𝜃𝑠1 is the electrical length for the first spurious frequency 𝑓𝑠1 . 
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The ratio U of the electrical length [16, 21]. 

 

𝑈 = 𝜃2(𝜃1 + 𝜃2) (4) 

 

The electrical lengths differ from the physical lengths due to the effective dielectric constants are 

different for the two lines.  

 

𝜃 = 𝛽𝑙 (5)  
 

where 𝑙 is the physical length of the microstrip. Thus, 𝜃 = 𝜋 when 𝑙 =
𝜆𝑔

2
 in this case, the physical length is 

called a half wavelength microstrip line that is used in this design [19]. From (2) by changing the value of 𝑅𝑧 
and the lengths of the high-Z and low-Z segments, the resonant frequencies of an SIR are tuned [22].  

Shorting pins are used to reduce the size without change the value of the substrate material 

permittivity [23]. The shorting pin is applied to the resonant circuit results with length equal to the substrate 

depth to satisfy short circuit with ground, effectively coupled to the lower degenerate mode and reduces the 

lower edge band resonant frequency [24]. By adjusting the resonator dimensions and the size of the shorting 

pin, the resonant frequency and the out-of band rejection around the transmission bands could be controlled 

to meet the design requirements. 

The shorting pin can be represented as short circuit with inductor element in Figure (2). 

 

 

 
 

Figure 2. Equivalent circuit of short-circuited stub 

 

 

Such a short section is similar to the short-circuited stub functions; therefore, it can be represented 

as a shunt lumped-element inductance given by [25]: 

 

 (5) 

 

where vp is the phase velocity, Zc is characteristic impedance and l is the length of shorting pin. 

 

 

3. DESIGN AND CONFIGURATION OF DUAL-MODE STEPPED IMPEDANCE BPF 

The structure of microstrip BPF is composed of two U-shaped tri-sections SIR resonators coupled to 

each other and two coupled line feeding ports to 50Ω input-output capacitive coupling feeding lines as shown 

in Figure 3. Figure 3 shows the layout of the resulting filter. The filter designed on substrate dimensions of 

7.05×4.9 mm2 with a relative dielectric constant of equal 10.8 and scaling thickness equal 0.747 mm.  

The proposed filter is fed by two 50 Ohm microstrip lines of width 1 mm, and they are symmetrically located 

at both ports. 

The dimensions of this dual band filter are given as shown in Figure 3 and the radius of shorting pin 

represented by (r) and its depth equal to substrate thickness, where all dimension given in mm. Each SIR has 

capacitive coupling due to the capacitive reactance of the input and output feed lines, which is equivalent to 

an LC resonant circuit as shown in Figure 4 [25]. The values of L, C and the capacitances represent the gap 
are calculated by microstrip equations on and gives these values L=0.385nH, C=0.146pF, Cp=0.0077pF, Cg= 

0.132pF 
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Figure 3. The proposed printed BP with its parameter 
 

 

 
 

Figure 4. Equivalent circuit of proposed filter 

 

 

4. RESULTS 

The frequency response obtained of the proposed band-pass filter is illustrated in Figure 5. Two bands 

with dual-mode are clearly observe. And shows that the center frequencies of the lower and upper bands are 

2.53GHz and 7.269 GHz respectively. The lower band is very useful for WLAN applications. The return and 

insertion loss represent the frequency response results can be summarized in Table 1. 

 
 

Table 1. Details of the Proposed Filter Frequency Response of Figure 5 
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The surface current distributions of the proposed miniaturized filter at resonance frequencies of the 

lower and upper bands are shown in Figure 6. It has been clearly depicted that the currents are concentrates at 

the bends of the resonators along the regions contains shorting pins. In Figure 6(c) and (d), it can be seen that 

the gap between feeder line and resonator as well as the length of the resonator section contains shorting pin 

have direct effects on filter response at the upper band resonance frequencies 6.949 and 7.589 GHz 

respectively. 

 
 

 
 

Figure 5. Return loss and insertion loss 

 

 

 
Figure 6. Surface current distribution (a)f1=2.377GHz, (b)f2=2.692GHz, (c)f3=6.949GHz, (d)f4=7.589GHz 

 

 

Figure 6 simplify imposed modification regions. As shown in Figure 6 the large amount of current is 

concentrated along the resonators. Therefore, increasing the dimensions of the resonator will increase the 
path of the current which leads to decreasing the center frequencies of the resonant bands towards  

useful frequencies for wireless communication applications. The resulting filter designed and simulated on 

substrate size 10.4×7.05 mm2. The length of resonators (L1) and width of bend (W4) are increased to be 

(7.694, 0.6) mm, respectively, see Figure 7.  

Figure 8 shows the return and insertion losses of the modified filter structure. Modification effect 

benefits have been achieved through the enhancement of the frequency response performance. The new 
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position of the bands is covered the wireless applications. Another band with center frequency of about  

9.5 GHz is degenerated and can be used in another application. Performance response parameters of Figure 8 

are listed on Table 2. 

 

 

 
Figure 7. Scaling filter and its length 

 

 

 
 

Figure 8. Return loss and insertion loss for modification filter 

 

 

Table 2. Summary of Scaling Filter Frequency Performance Parameters from Figure 8 
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The variation the shorting pin radius has been depicted in Figure 9. It can be seen that this parameter 

has a severe effect on the resonance frequencies of the degenerated bands and on the performance of the 

insertion loss with its transmission zeros of the resulting filter. The lower edge frequency of the lower band 

of the proposed BPF filter is tuned by the radius of the shorting pin as depicted in Figure 9a. The lowest 

insertion loss and higher out-of-band rejection levels are influenced by changing the shorting pin radius and 

about -55 dB out-of-band rejections can be obtained as illustrated in Figure 9b. 

 

 

 
(a) 

 
(b) 

 

Figure 9. Effects of the variation shorting pin radius on (a) return (b) insertion loss of the resulting filter 

 

 

5. CONCLUSION  

A new dual mode Microstrip stepped impedance resonator band pass filter is proposed in this paper. 

The response of filter at -3 dB fractional bandwidths of 14.5% and 9.17% respectively of the center 
frequencies 1.92 GHz and 5.95 GHz with an appropriate return and insertion losses for better responses, 

which covers the desired bands for wireless applications. The features of proposed filter are simple structure, 

consolidated size and good selectivity. Therefore, the filter is simple in structure and compact in size, which 

shows a new coupling structure. The filter has a good pass-band performance and improves the selectivity. 
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