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Abstract ─ A short-ended resonator with open 
stub loaded is presented in this paper. Resonance 
property is analyzed based on the transmission line 
theory. Analysis reveals that the odd/even-mode 
resonance frequency of the proposed resonator can 
be conveniently controlled. To realize two 
controllable bandwidths, two different coupling 
paths are introduced in the filter design. 
Furthermore, to improve the filter selectivity, the 
source-load coupling is adopted to create four 
transmission zeros (TZs) near the edges of the two 
passbands. Thus, a dual-band bandpass filter (BPF) 
with high selectivity can be achieved. One filter 
with two passband frequencies at 1.01 GHz and 
2.4 GHz is designed and fabricated to provide an 
experimental verification on the design method. 
 
Index Terms ─ Bandwidth, dual-band bandpass 

filter, passband frequency, and transmission zero. 

 

I. INTRODUCTION 
With the increasing demands for multi-band 

application in modern wireless system, it is 
popular for researches on the design of multi-band 
filters recently [1-9], especially dual-band filters 
[4-9]. In the past years, three design methods are 
introduced. The first one is to combine two sets of 
resonators with common input and output ports [3]. 
The passband frequencies can be independently 
controlled by using the proper configuration. 
However, the control of passband bandwidths is 

not discussed. The second one is to use 
stepped-impedance resonators (SIR) [5-7] and 
shorted-end resonators [8] to create two passbands. 
Although the passband frequencies can be tuned to 
the desire values, it is difficult to control the 
bandwidths. The last one is to use two coupling 
paths to realize the dual-band filters with 
controllable bandwidths, and the passband 
frequencies can be controlled by impedance ratio 
[9]. However, it is not convenient to realize the 
control of passband frequencies and bandwidth. To 
solve this problem, dual-band inverters are utilized 
to obtain the desired frequency and bandwidth at 
each passband [10]. 

In this paper, a short-ended resonator with 
open stub loaded for designing a dual-band filter 
with the flexible passband frequencies and 
bandwidths is proposed. The passband frequencies 
can be flexibly controlled by selecting the proper 
structure parameters of the open stubs and shorted 
ends. The bandwidths of the two passbands can be 
conveniently controlled by two coupling paths. By 
properly controlling the coupling coefficients of 
the coupling paths, the bandwidths can be 
controlled. As a result, both the passband 
frequencies and bandwidths can be easily adjusted. 
In addition, source-load coupling scheme (the 
third coupling path) is also introduced to create 
two TZs near the edges of each passband, resulting 
in high skirt selectivity. 
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II. ANALYSIS AND DESIGN OF 
PROPOSED BPF 

Figure 1 shows the configuration of the 
proposed microstrip BPF, which is composed of 
two resonators and two feed lines. The resonator 
is constructed by a short-ended resonator with an 
open-circuited stub at the center. The resonators 
are folded to reduce the circuit area. As can be 
seen from Fig. 1, there are two coupling paths 
between the two resonators, i.e., Path 1 and Path 
2. Path 1 indicates the coupling near the ends of 
the short-ended resonators, while Path 2 is the 
coupling between the two open stubs. Furthermore, 
the source-load coupling between the two feed 
lines does exist, causing improvement of the 
selectivity, which is donated as Path 3 in Fig. 1. 

 

 
 

Fig. 1. Configuration of the proposed BPF. 
 

A. Control of passband frequencies 
Figure 2 (a) shows the structure of the 

proposed resonator, which is composed of 

short-circuited resonator at both ends and an 

open-circuited stub at the midpoint. If the 

odd-mode excitation is applied to Feed 1 and 2, 

there is a voltage null at the symmetric plane (T-T) 

of the resonator. Therefore, the equivalent circuit 

can be attained, as shown in Fig. 2 (b). The input 

admittance for the odd mode is given by, 
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Where θ1 = βl1, θ2 = βl2，β is the propagation 
constant of the fundamental frequency. Y donates 
the characteristic admittance of the transmission 
line with shorted ends. Thus, the resonance 
condition is that the imaginary part of Yino is equal 
to zero, the odd-mode fundamental resonance 
frequencies can be deduced as, 
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Where l = 2 (l1 + l2), n = 1, 2, 3 …, c is the speed 

of light in free space, and εe denotes the effective 

dielectric constant. 

 

         
 
 

 
 (c) 

 

Fig. 2. (a) Structure of the proposed resonator, (b) 
equivalent circuit of the odd mode, and (c) 
equivalent circuit of the even mode. 

 

If the even-mode excitation is applied to Feed 

1 and 2 shown in Fig. 2 (a), there is no current 

flowing through the symmetric plane (T-T) of the 

transmission line. Therefore, the equivalent circuit 

can be attained by symmetrically bisecting the 

resonator, as shown in Fig. 2 (c). The input 

admittance for the even mode is expressed as 
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,     (3) 

where θ3 = βl3. The resulted even-mode 
fundamental resonance frequencies can be 
attained as follow, 

(a) (b) 
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A full-wave EM eigenmode simulation is also 

used to study the resonance properties of the 

proposed resonator. The electric field pattern at 

the odd-mode resonance frequency is illustrated in 

Fig. 3 (a). It can be seen that the minimum fields 

are near the region of via hoes and stub. 

Furthermore, the field exhibits an anti-symmetric 

property along the symmetric line T-T´. As for the 

electric field pattern at the even-mode resonance 

frequency that is illustrated in Fig. 3 (b), the 

minimum fields are only near the region of via 

holes together with a symmetric property along 

the symmetric line T-T´. 

  

     (a)                   (b) 

Fig. 3. Simulated electric field patterns for the 

proposed resonator for (a) odd mode and (b) even 

mode. 

 

It can be observed from equations (2) and (4) 

and Fig. 3 that the relation fo ＞  2fe can be 

attained. Furthermore, the odd-mode resonance 

frequencies are determined by the length of the 

shorted ends and the even-mode resonance 

frequencies are determined by the lengths of the 

shorted ends and open stub, i.e., changing the 

even-mode resonance frequencies may not affect 

the odd-mode resonance frequencies. With this 

property, dual-band filters with the flexible 

passband frequencies can be designed. Using the 

configuration in Fig. 1, the passband frequencies 

can be conveniently controlled. For validation, 

full-wave simulation is carried out using HFSS. 

Other parameters of the filter in Fig. 1 are kept 

fixed and only the lengths of L4 and L7 are 

changed, respectively. The simulated responses of 

the passband frequencies versus the lengths of L4 

and L7 are shown in Fig. 4 (a) and 4 (b), 

respectively. It can be seen that both passband 

frequencies are shifted down by changing the 

length of L4. Moreover, the lower passband 

frequency (fL) is shifted down by changing the 

length of L7, while the upper one (fH) is preserved. 

Besides, fH is larger than twice of fL. 

 

 
(a) 

 
(b) 

Fig. 4. Simulated responses of the passband 

frequencies versus length of (a) L4 and (b) L7. 

B. Control of passband bandwidths 
The coupling paths of the proposed filter are 

shown in Fig. 1. The coupling scheme for the two 
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bands is shown in Fig. 5. According to the above 

discussions, the lower passband is decided by the 

shorted ends and open stubs while the upper 

passband is only decided by the shorted ends. 

Thus, the two passband bandwidths are affected 

by the first two coupling paths and the upper 

passband bandwidth is only determined by the 

first coupling path. To determine the coupling 

bandwidths, two feed lines are weakly coupled to 

the two resonators, respectively. From the S21 

plotted in Fig. 6, it is observed that the odd and 

even resonance modes are split into four 

transmission poles termed as fo1, fo2, fe1, and fe2. 

The coupling coefficients and absolute 

bandwidths (ABWs) for the two passbands are 

mainly determined by the coupling gaps and can 

be calculated as, 
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Fig. 5. Coupling mechanism, (a) for the lower 

resonance frequency and (b) for the upper 

resonance frequency. 
 

It can be seen from equations (6) and (8) that 

the coupling coefficients and ABWs of the upper 

passband (|kH| and △H) are only affected by the 

gap of S1 (Path 1), which can be confirmed from 

Figs. 7 and 8. It can be observed from equations 

(5) and (7) that |kL| and △L are affected by the 

gaps of S1 and S2 (Path 1 and Path 2). As 

discussed in [11], Path 1 is the magnetic coupling 

and Path 2 is the electric coupling, so kpath1L = kmL 

＜ 0 and kpath2L = keL ＞ 0 can be achieved. 

Furthermore, |kpath1L| (= |kmL|) is decreased with the 

increase of S1 while kpath2L (= keL ＞ 0) keeps 

unchanged. In addition, |kL| is decreased with the 

increase of S1, as shown in Fig. 7 (a). According 

to equation (5), |kpath1L| = |kmL|＞|kpath2L| = |keL| can 

be achieved. Thus, |kL| and △L are increased with 

the increase of S2, which can be seen from Figs. 7 

(b) and 8 (b). 
 

 

Fig. 6. Resonance frequency of the proposed BPF 

for S3 = 1.0 mm. 

 
Besides the coupling coefficients, the external 

quality factors (Qes) also affects the bandwidths. 

In this design, Qes for the two passbands may be 

determined by k´ and L8. Here k´ (=(ZE-ZO) / 

(ZE+ZO)) is the coupling coefficient between the 

feeder and the resonator, and ZE, ZO are the even 

and odd characteristic impedances. The simulated 

Qes for the two passbands against k´ and L8 are 

shown in Fig. 9. Here, Qe1 and Qe2 are the external 

quality factors for the lower and upper passbands, 

respectively. It can be observed that Qes for the 

two passbands are increased with the increase of 

k´ and slightly affected by L8. Hence, Qes for the 

two bandwidths can be tuned to the desired values 

by adjusting k´ within a certain range. Therefore, 
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there are sufficient degrees of freedom to control 

the bandwidths at the two passbands. 

 
 

(a)    
 

 
  

(b) 
 
Fig. 7. k and △ versus gap of (a) S1 and (b) S2. 

 

 

(a) 

 

(b) 

Fig. 8. Simulated responses of the passband 

bandwidths versus gap of (a) S1 and (b) S2. 

 

 

Fig. 9. Simulated Qes for the passbands against k´ 

and L8. 

 

C. Design methodology 
To design the proposed filter, the first step is 

to obtain desirable passband frequencies. As 

stated above, the open stub will not affect fH. 

Therefore, we first tune fH to the desirable value 

by changing the length of the short-circuited line. 

After that, the open-stub length is adjusted to 

obtain desirable fL without affecting fH. 

The second step is to obtain the required 

bandwidths at fL and fH. As stated previously, the 

coupling Path 2 has no impact on the upper 

423MA, ET. AL.: HIGH SELECTIVITY DUAL-BAND BANDPASS FILTER WITH FLEXIBLE PASSBAND FREQUENCIES AND BANDWIDTHS



passband. Hence, we first meet the requirement of 

|kH| and △H by changing the dimensions of Path 1 

and then obtain desirable |kL| and △L by altering 

the dimensions of Path 2. As for the Qes, we can 

tune k´ to control it. Finally, a fine tuning is 

performed to fulfill the requirements of both 

passbands. 
 

III. MEASURED RESULTS AND 
DISCUSSIONS 

To demonstrate our design, one prototype of 

the proposed dual-band BPF is implemented on a 

substrate with r = 3.38 and h = 0.813 mm. The 

dimensions are determined as follows: W0 = 1.9 

mm, W1 = 0.4 mm, W2 = 0.4 mm, W3 = 0.8 mm, S1 

= 1.1 mm, S2 = 0.9 mm, S3 = 0.15 mm, S4 = 0.4 

mm, L1 = 5.7 mm, L2 = 3.5 mm, L3 = 10.1 mm, L4 

= 11.0 mm, L5 = 9.2 mm, L6 = 8.0 mm, L7 = 1.2 

mm, L8 = 9.2 mm, L9 = 12.3 mm, L10 = 1.1 mm, r 

= 0.3 mm, and a = 1.4 mm. Figure 10 shows the 

photograph and measured results of the proposed 

dual-band filter. The measured passband 

frequencies of the two passbands are 1.01 GHz 

and 2.4 GHz, and the measured minimum 

insertion loss (IL) of the two passbands are 0.9 dB 

and 1.0 dB, with the 3 dB fractional bandwidth 

(FBW) of 5.92 % and 5.86 %. Inside the 

passbands, the return loss is greater than 15.5 dB. 

Four TZs are created by the source-load coupling 

at 0.79 GHz, 1.34 GHz, 2.06 GHz, and 2.64 GHz 

near the edges of the two passbands, improving 

the selectivity of the filter. Furthermore, the 

rejection level between adjacent bands is better 

than -30 dB. Besides, a wide upper stopband with 

a good suppression of greater than 15 dB from 

2.56 GHz to 4.8 GHz has been realized. Table 1 

summarizes the comparisons of the proposed filter 

with previous reports. The proposed dual-band 

BPF has the advantages of compact size, wide 

upper stopband, high selectivity, and independent 

control of center frequencies and bandwidths. 

 
Fig. 10. Results and photograph of the proposed 

dual-band BPF. 

 

Table 1: Comparisons of dual-band BPFs. 

Ref. Effective 
circuit size TZs IL (dB) 

3-dB 
FBW 
(%)

[4] 0.10λ0×0.25λ0 5 0.85/0.9 10/9.3

[5] 0.21λ0×0.25λ0 1 1.8/2.9 7.0/4.0

[6] 0.14λ0×0.14λ0 2 0.8/1.0 54/20 

[7] 0.25λ0×0.25λ0 6 1.58/1.54 2.0/3.3

[8] 0.29λ0×0.37λ0 4 1.8/ 1.6 7.3/ 9.8

[9] 0.22λ0×0.21λ0 2 1.46/1.16 5.5/4.5
Proposed 

filter 0.14λ0×0.19λ0 6 0.9/1.0 5.9/5.8

 
λ0 is the guided wavelength of the lower passband. 
 

IV. CONCLUSION 
This paper has proposed a resonator for the 

design of a dual-band BPF. The passband 

frequencies and bandwidths of the proposed filter 

can be conveniently controlled by adjusting the 

corresponding resonator structure parameters and 

the coupling coefficients properly. Four TZs near 

the edges of the passbands can be realized by 

source-load coupling. The filter has the 

advantages of flexible passband frequencies and 

bandwidths, compact size, high selectivity, and 

wide upper stopband. With all these properties, 

the proposed filter is applicable for dual-band 

wireless communication systems. 
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