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A reconfigurable tri-mode resonator and its application to tri-band bandpass fil-
ter have been demonstrated. The proposed filter exhibits 32.8% fractional tuning 
range of the first passband from 1.12-1.56 GHz and 12.73% of the third pass-
band from 2.50-2.84 GHz, and a fixed second passband at 2 GHz, respectively. 
The first and third frequency passbands can be tuned independently without in-
terfering with each other. Especially, the filter uses a hybrid technique of lumped 
inductors and microstrip lines, resulting in a very compact mechanical size of 
0.12 λg × 0.08 λg, where λg is the guided wavelength on the substrate at the cen-
tral of the first passband frequency. The measured results agree well with the 
simulated ones. 
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Introduction 

With the rapid development of modern communication technology, the research of 

reconfigurable filters is becoming more and more popular due to their good compatibility and 

low cost. In recent years, some different types of reconfigurable filters have been developed. 

In Chen et al. [1], a reconfigurable bandpass filter (BPF) with constant absolute bandwidth 

and independently controlled passbands is proposed. In Sedighi et al. [2], a novel dual-band 

tunable filter is designed to support multi-standard applications. A balanced dual-band BPF is 

proposed in [3], which has independently tunable differential mode frequencies. A dual-mode 

dual-band filter is presented in [4], which is based on half-mode substrate integrated wave-

guide technology. However, all the references are focused on dual-band reconfigurable filters, 

which cannot meet the requirements of the communication systems that need more passbands. 

A tri-band BPF is proposed in [5], in which novel resonators are used to implement a BPF 

with tunable lower passband, but it has only one tunable frequency band. Tunable tri-band 

BPF are also presented in [6], but which also has only one tunable passband. In Kingsly et al. 
[7], through the combination of pin diodes, the filter can work in a series of two-band or 

three-band states, but it can only provide discrete center frequencies and cannot achieve con-

tinuous tuning. Compact tri-band filter with three tunable passbands is proposed in [8]. How-

ever, due to its coupling structure, it has a larger mechanical size and does not meet the re-

quirements of miniaturization. Furthermore, its insertion loss is not good during the tuning 

range. In [9-15], the authors proposed a variety of multi-band BPF, some of which are excel-
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lent in performance. However, they are all fixed-bands filters and can not be tuned. In this pa-

per, a novel tri-band tunable resonator and corresponding filter are presented, The proposed 

filter has two tunable frequency bands and one fixed frequency band. The hybrid technology 

of lumped circuit and microstrip line is applied in this design, which can greatly reduce the 

size of the filter. 

Discussion on the basic resonator 

Figure 1 shows the structure of the basic tri-band resonator. The pin diode can con-

trol the resonator to work in dual-band or tri-band. In this section, we only discuss the resona-

tor working in tri-band mode. Since the proposed structure is symmetrical, the even- and odd- 

-mode analysis method can be applied to obtain the resonant frequencies. 

For odd-mode excitation, as shown in fig. 2(a). The first odd-mode resonant fre-

quency can be obtained as: 
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where εff denotes the effective dielectric constant of the substrate and c is the speed of light in 

free space.  

  

Figure 1. Configuration of the  

basic resonator 

Figure 2. (a) Odd-mode equivalent circuit and  

(b) even-mode equivalent circuit 

For the short stub resonator shown in fig. 3(a), the input impedance can be ex-

pressed: 
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where i iL = denotes the electric length of 

the certain microstrip line. From the resonance 

condition of in,even1Im[ ] 0Y = , the first resonant 

frequency of this stub can be obtained: 
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Figure 3. (a) Part 1 of even-mode equivalent 

circuit and (b) part 2 of even-mode equivalent 
circuit 
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For the open stub connected with a varactor diode, as shown in fig. 3(b), the input 

impedance can be deduced: 
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where Cv is the capacitance of the varactor diode connected at the center of the transmission 

line and the open stub. For the resonance condition of in,even2Im[ ] 0,Y =  the resonant frequen-

cy can be determined: 
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Analysis of the proposed resonator 

The basic tri-band resonator has some performance, but it can be optimized. The 

inspiration for optimization comes from eq. (7). By analyzing eq. (7), it can be found that 
the length of the microstrip line L3 can be any value. So, we can try to reduce the length of 
the microstrip line L3 to zero. Thus, for the open stub connected with a varactor diode, as 

shown in fig. 3(b), it can be simplified to consist of only one varactor diode and without any 

stub. This design can greatly reduce the mechanical length of this branch.  

 

Figure 4. Configuration of the proposed resonator 

According to the previous ideas, the optimized open stub resonator is shown as 
fig. 4(c). The input impedance of this optimized branch can be expressed: 
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For the resonance condition of in,upperIm[ ] 0Y = , the resonant frequency can be de-

termined as: 
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Similarly, for the short stub, as shown in fig. 3(a), a series structure of a inductor 
and a varactor diode is used to replace the short stub. The specific circuit diagram is 
shown in fig. 4(b). 

For this series structure consisting of an inductor and a varactor diode, the input im-

pedance can be expressed: 
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For the resonance condition of in,lowerIm[ ] 0,Y = the resonant frequency can be de-

termined: 
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The overall design of the proposed resona-

tor is shown in fig. 4(a). It can be observed 

from eqs. (9) and (12), fupper is determined by 

transmission line L1 and varactor diode Cv2, 

while flower is determined by L1 , Cv1, and Lx. 

Thus, if the parameters of the transmission line 

L1 and the inductor Lx are fixed, the resonance 

frequency fupper and flower will be determined on-

ly by the capacitance values of the respective 

varactor diodes. So the two frequencies can be 

tuned independently of each other. 

To verify the previous analysis, full-wave 

electromagnetic simulation was carried out by 

using HFSS, and an experimental reconfigura-

ble tri-band BPF was designed and fabricated. 

The configuration of this design is shown in fig. 

5, it comprises two reconfigurable tri-band res-

onators which are meandered to reduce the fil-

ter size. The silicon varactor diodes used in this design are SMV1408 from Skyworks. In or-

der to obtain stable DC bias voltages, RF DC blocking capacitors are also used in this design. 

 

Figure 5. Configuration of the proposed filter 
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The substrate of this design has a thickness of 0.8 mm and a relative dielectric con-
stant of 2.33, the total size is less than 12 mm × 19 mm, or 0.12λg by 0.09λg, where λg de-

notes the guided wavelength on the substrate at the central of the first passband frequency. 

The dimensions are selected as follows (in millimeters): L0 = 19.7, L1 = 42.3, L2 = 17.6, 

W0 = 2.3, W1 = 0.9, S1 = 0.52. The length of the half-wavelength microstrip line, L1, is always 

fixed in all the simulation and experiment process. The value of the lumped inductance Lx has 

also remained fixed. 

  

Figure 6. Simulated S21 against VDC1;  
1 – simulated VDC1 = 0.2 V, 2 – simulated VDC1 = 1.6 V, 
3 – simulated VDC1 = 3.5 V, 4 – measured  
VDC1 = 0.2 V, 5 – measured VDC1 = 1.6 V,  
6 – measured VDC1 = 3.5 V 
(for color image see journal web site) 

Figure 7. Simulated S11 against VDC1;  
1 – measured VDC2 = 0.2 V, 2 – measured 
VDC2 = 1.6 V, 3 – measured VDC2 = 3.5 V,  
4 – measured VDC2 = 0.2 V, 5 – measured  
VDC2 = 1.6 V, 6 – measured VDC2 = 3.5 V 
(for color image see journal web site) 

  

  

Figure 8. Simulated S21 against VDC2;  
1 – simulated VDC2 = 0.2 V, 2 – simulated 
VDC2 = 1.6 V, 3 – simulated VDC2 = 3.5 V,  
4 – measured VDC2 = 0.2 V, 5 – measured  
VDC2 = 1.6 V, 6 – measured VDC2 = 3.5 V 
(for color image see journal web site) 

Figure 9. Simulated S11 against VDC2;  
1 – simulated VDC2 = 0.2 V, 2 – measured 
VDC2 = 1.6 V, 3 – measured VDC2 = 3.5 V,  
4 – measured VDC2 = 0.2 V, 5 – measured  
VDC2 = 1.6 V, 6 – measured VDC2 = 3.5 V 
(for color image see journal web site) 
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Figures 6-9 describe the simulation and measured results of the filter, which has one 

fixed passband and two controllable passbands. In this case, the bias voltage of the varactor 

diode VDC2 is fixed at 0.5 V, whereas the bias voltage VDC1 varies from 0.2 V to 3.5 V. As seen 

from fig. 6, the second passband frequency fodd is constant at 2.0 GHz and the third passband 

frequency fupper is almost fixed at 2.65 GHz, respectively. Meanwhile, the first passband fre-

quency flower is controlled with the bias voltage VDC1. As the bias voltage VDC1 varies, the first 

passband frequency flower can be tuned simultaneously. From the results, it can be seen that the 

first passband frequency flower can be tuned from 1.12 GHz to 1.56 GHz. Figure 7 shows the 

corresponding S11 simulation and measurement results in this case. 

Figure 8 shows the continuous tuning of the third frequency. In this case, the bias 

voltage of the varactor diode VDC1 is fixed at 0.5 V, meanwhile the bias voltage VDC2 varies 

from 0.2 V to 3.5 V. As seen from this figure, the first passband frequency flower is almost con-

stant at 1.56 GHz and the second passband frequency fodd is fixed at 2.0 GHz. Meanwhile, the 

third passband frequency fupper can be tuned with the help of the bias voltage VDC2. As the bias 

voltage VDC2 varies, the third passband frequency fupper can be tuned from 2.50 GHz to 

2.84 GHz. Figure 9 shows the corresponding S11 simulation and measurement results in this 

case. 

Conclusion 

In this paper, a reconfigurable tri-mode resonator and its application to tri-band BPF 

have been demonstrated. Both the theoretical analysis and experimental results are presented 

to validate the proposed structure. The experimental results are in agreement with the theoret-

ical analyses. For the proposed filter, it has two independent tunable frequency bands. The 

measured center frequency flower can be tuned from 1.12-1.56 GHz, featuring the fractional 

tuning range of 32.8%, meanwhile fupper can be tuned from 2.50-2.84 GHz, featuring the frac-

tional tuning range of 12.73%. Moreover, the measured fractional bandwidth are changed 

from 4.46% to 4.57% and 8.45 to 8.8% for the lower and upper passbands, respectively. The 

agreement between simulation and measurement is reasonable. 

Across all the tuning range, the filter has almost constant fractional bandwidths and 

passband shapes. For each tuning state, measured return loss is greater than 15 dB and inser-

tion loss varies from 2.1 to 2.8 dB. Besides, the filter has a very compact size of 0.12 λg × 

0.08 λg. Furthermore, transmission zeros are realized near the passband frequencies, which of-

fers high selectivity of the filter. The proposed filter design method can be used to selectable 

multimode or multiband applications. 

Nomenclature 

C – capacitor, [F] 
f – frequency, [Hz] 
L – inductance, [H] 

Greek symbol 

λ – wavelength, [m] 
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