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Abstract. In this paper, a novel multi-standard filter with the size of only 

4.6mm×41.65mm and a thickness of 0.635mm is presented. This filter is capable of 

generating two wide operating bands that effectively cover the GSM/UMTS/GPS/IEEE 

802.11a operations in mobile devices, which include GSM1800 (1710–1880MHz), 

GSM1900 (1850–1990 MHz), UMTS (1920–2170 MHz), GPS (frequency band cantered 

at 5.75GHz) and IEEE 802.11a (frequency band cantered at 5.8GHz) bands. The proposed 

multi-standard filter’s wide bandwidths at the low and high frequency are attributed to the 

mutual coupling of the modified SIR resonators. Meanwhile, in band and out of band 

performances of the proposed filter are enhanced by novel folded structure and even and 

odd phase velocity compensation technique using shifted coupled lines. Because there is 

no via hole or defect ground structure included in the filter structure, the structure is 

relatively simple and easily realized.  
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1   Introduction 

Radio frequency noise is a serious problem in current applications of wireless systems such 

as green communications and wide-band radar applications [1-15]. Microstrip bandpass filters 

(BPF) are widely used to defeat noise and undesirable waves in multiple communication 

applications [16-34], “basically in RF and microwave communications because of their effective 

filtering of harmonic signals. With the development of wireless communication systems, multi-

standard internal filters have become a necessity for the state-of-the-art multifunction “smart 

phones” and wireless frontends for the mobile devices. Such filters are generally required to be 

capable of covering the frequency bands of Global System for Mobile Communication (GSM: 

1800/1900 MHz etc.), Universal Mobile Telecommunications System (UMTS: 1710-1880/1850-

1990/1920-2170 MHz etc.) and Global Positioning System (GPS) (frequency bands centred at 

1.57 GHz).” Furthermore, the ever increasing implementation of Wireless Local Area Network 

(WLAN) such as Wi-Fi devices further increases the IEEE 802.11a bandwidth requirement in 

order to cover the bands centered at 5.8GHz. 
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  “In the above mentioned dual-band filters, most of them with a miniaturized size fail to cover 

the required frequency bands, especially at the lower frequency band due to the narrower dual 

bandwidth [17], [18], [19], [20], [24-30] or require a considerable filter size or thickness, which 

usually makes them difficult to integrate within mobile devices or portable wireless modules [18], 

[24]. In this paper, we propose a novel multi-standard filter with the size of only 

4.6mm×41.65mm and a thickness of 0.635mm. This filter is capable of generating two wide 

operating bands that effectively cover the GSM/UMTS/GPS/IEEE 802.11a operations in mobile 

devices, which include GSM1800, GSM1900, UMTS, GPS and IEEE 802.11a bands.” 

 

 

2 Filter configuration 
 

2.1 Stepped impedance resonators with folded meander couple lines 

The “geometry of the presented multiband filter is illustrated in Fig. 1. The modified stepped 

impedance resonators (SIRs) of the proposed filter” are improved from the traditional a quarter 

wavelength SIR, which is shown in Fig. 2. Because traditional a quarter wavelength SIR can 

generate tunable first spurious frequency, the proposed filter utilizes a pair of SIRs to form dual 

wide bands which are composed of fundamental resonance frequency band and the first spurious 

frequency band. Because the traditional a quarter wavelength SIR has the disadvantage of 

generating high order spurious frequency response, which would deteriorate filter out of band 

performance. To overcome this disadvantage, we propose a novel structure using folded 

meander couple lines instead of traditional a quarter wavelength SIR couple lines to suppress 

high order spurious frequency and improve out of band performance. “In this paper, the modified 

stepped impedance strips are fed by two 50Ω microstrip feed lines. The width (W1) and length 

(H1) of the 50Ω feed line is 0.6mm and 1.2 mm, respectively.”  

 
Fig. 1. The geometry of the introduced dual-wide band BPF. 

 

 
 

Fig. 2. The structure of the a quarter wavelength SIR. 



 

 

 

 

By tuning the value of “impedance ratio, the first spurious frequency can be tuned. In this 

paper, the fundamental resonance frequency and the first spurious frequency of the dual-wide 

band filter is set as 1.9GHz and 5.8GHz, respectively. By careful calculations, the width 

(W+SW) and length (L+H1) of the high characteristic impedance part is set as1.7mm and 

11.2mm, respectively. The width (CW) and length (CL+CSW) of the low characteristic 

impedance part is set as 0.4mm and 16.5mm, respectively. The function of the different folded 

meander couple lines and comparison to the case without folded couple line are illustrated in 

Fig. 3. From Fig.3, when there is a distance (H) between of low characteristic impedance line 

and high characteristic impedance line”, we can see that when the value of H becomes larger, 

the return loss of first and high order spurious frequency become larger. Utilizing this feature, 

we can suppress high order spurious frequency response by tuning the value of H. In this work, 

the value of H is set as 0.52mm. 

 
Fig. 3. The function of the different folded meander couple lines and comparison to the case without 

folded couple line. 

 

2.2 The even and odd phase velocity compensation technique in the one quarter 

wavelength type resonator   

 

“Because the coupled lines fabricated with microstrip circuits would generate unequal 

even- and odd- mode phase velocities, the filter’s performance, shown as dotted lines in Fig. 4, 

would be slightly different from the theoretically predicted results [35]. Traditionally, in order 

to compensate the unequal even- and odd-mode phase velocities resulted from the coupled lines 

fabricated with a half wavelength resonator circuits, the capacitive [36] or inductive [37] 

compensation, corrugate lines [38], or wiggly lines [39] have been proposed. However, these 

design procedures are relatively complicated. Moreover, a half wavelength resonator circuits 

usually occupy relatively larger size than a quarter wavelength resonator circuits. In this work, 

we adopt even- and odd-mode phase velocities compensation technique with shifted coupled 

lines [40] for the first time in the quarter wavelength type resonator to solve the disadvantages 

mentioned above.  

  With the shifted couple lines, an additional coupling will be resulted from CSL being coupled 

to modify stepped impedance resonator, which is shown in Fig.1. Hence, the spurious 



 

 

 

 

performance is improved. Moreover, the spurious peak can be suppressed so that the response 

represented by the dashed lines in Fig. 4 is observed. Furthermore, with the coupled line’s 

insertion loss as zero, the coupled length for the shifted coupled line can be obtained from: ” 

 

                                                                                                                  

 

“Where and are the even- and odd-mode characteristic impedance, respectively.” For simplicity 

we set widths of shifted coupled lines as 0.4mm and lengths as 0.3mm. 

 

 
 

Fig. 4. The comparison between reflection coefficients S21, S11 with and without shifted 
couple line. 

  

3 The effect of loaded open-stub  

As can be seen in Fig. 4,the even- and odd-mode phase velocities compensate technique 

using shifted coupled lines has an impact to fundamental resonance frequency in this design, 

which worsen the return loss performance of fundamental resonance frequency. In order to solve 

this problem, we compensate the return loss of fundamental resonance frequency as well as the 

first spurious frequency by using the loaded open stub. As can be seen in Fig.5, because of the 

existence of the loaded open stub, return loss performance of fundamental resonance frequency 

become better compared to that in Fig. 4. and the return loss of first spurious frequency become 

less when the length of loaded open stub become longer, while the return loss of high order 

spurious frequency remains almost unchanged when the length of loaded open stub varies. By 

using these features, the width (SW) and length (SL) of the open stub is set as 0.4mm and 

0.25mm in this design, respectively. Fig. 6 shows two cases when the design has no loaded open 

stub and has loaded open stub with parameters of width (SW)=0.4mm and length (SL)=0.25mm. 
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Fig. 5. The relationship between reflection coefficient and the length of loaded open-stub line. 

 
Fig. 6. The influence of the open stub to the proposed dual-wide band BPF. 

 
    

4 The isolation between bands  

In addition, the even- and odd-mode circuit is utilized for the proposed configuration to locate 

the transmission zeroes. Suppose the transmission zeroes is derived from the couple line. In the 

model, three transmission zeroes are generated as 0GHz, 4.42 GHz and 8.52GHz, which are 

shown in Fig. 6. “These transmission zeroes provides well isolation between the desired bands, 

suppression of out of band interruption and enhancement of the frequency selectivity. Fig.7 

shows the final results of the proposed dual-band filter with substrate’s dielectric constant of 



 

 

 

 

10.2.The vertical and horizontal length of the gap between two resonance pair is S1=0.2mm and 

S2=0.65mm, respectively.” 

 
Fig. 7. S-parameter of the designed dual-band BPF. 

5 Conclusion 

“A novel multi-standard dual-wide band filter with a compact size is designed and developed 

for wireless communication systems. This proposed filter covers a fundamental bandwidth of 

605.9MHz with fractional bandwidth(FBW)  of 31.4% centered at the 1.9GHz band ,and first 

spurious bandwidth of  501MHz with FBW of 8.6% centered at the 5.8GHz, while occupy a 

compact area of only 4.6mm by 41.65 mm”. By utilizing novel stepped impedance resonators 

with folded meander couple lines as well as even and odd phase velocity compensation 

technique in a quarter wavelength type resonator, high order spurious frequency performance is 

enhanced considerably. With the adaptation of loaded open stub, the return loss performance of 

the fundamental resonance frequency and the first spurious frequency improves successfully. 

“The multi-standard filter is designed, described and fully simulated. The Ansoft HFSS software 

simulated results agree well with the theory predictions. The featured broad bandwidths over 

dual applicable frequency bands and the miniaturized size of the proposed filter make it very 

promising for applications in multi-standard wireless communication.” 
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