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Abstract ─ This work presents a series of independent 

bandpass filters (BPFs) based on dual-mode resonators 

(DMRs) with short stub-loaded. BPFs conform to the 

802.11n protocol and include three passbands with 

center frequencies and bandwidths of 2.46 GHz, 3.55 

GHz and 5.22 GHz, 130 MHz, 130 MHz and 470 MHz. 

Insertion loss and reflection loss are 1.5 dB, 1.6 dB and 

1.3 dB, 18 dB, 20 dB, 30 dB. The filters are useful in  

the WLAN/WIMAX applications with compact size. 

According to the current distributions along the resonator, 

the feed-lines with high design flexibility arms were 

introduced in order to supply the needed external 

coupling for the dual-/tri passbands simultaneously, and 

achieve good impedance matching in each passband. 

Finally, by the version 15 of High Frequency Structure 

Simulator (HFSS), three BPFs with single, dual and 

triple passbands were designed on the Rogers 5880 

substrate with the relative dielectric constant ɛr = 2.2, 

substrate loss tanδ = 0.002, and the thickness h = 0.508 

mm. The BPFs are measured by Agilent 85058E Vector 

Network Analyzer (VNA). The measured results have 

good agreement with the simulated ones. 
 

Index Terms ─ Bandpass filter, dual-mode resonator, 

odd and even-mode theory, tri-band filter. 
 

I. INTRODUCTION 
Nowadays, the information age is developing 

rapidly. Bandpass filter (BPF) plays an important role in 

microwave circuits, which attracts more attentions of the 

researchers. Wolff first demonstrated a microstrip dual-

mode filter in 1972 [1]. Since then, dual-mode microstrip 

filters have been widely used in communications systems 

[2–3]. In the past one decade, various of methods to 

design the multiband filter have been put forward    

[4–13]. In [6–8], a tri-band BPF comprises two stepped-

impedance resonator (SIRs) with short stub-loaded at the 

center plane. This method can reduce the overall size  

of the filter, while always following a larger insertion 

loss. The tri-band filters [8] which have a wide range   

of applications for 2.4 GHz, 3.5 GHz, and 5.2 GHz, are 

designed by using several assembled half-wavelength 

SIRs without any stub. However, great overall circuit 

size is inevasible by this way. Furthermore, a tri-band 

BPF [9] uses a rectangular ring- resonator, its four edges 

are respectively grounded to form a short stub-loaded, 

and two opposite sides are added an open stub-loaded. 

Furthermore, a defected ground structure was adopted to 

enhance the coupling strength with low insertion loss in 

[10]. For the above current methods, three major goals 

need to be achieved, such as compact size, independent 

control of passband frequencies and low insertion loss. 

This letter proposes three folded dual-mode resonator 

structures based on SIR (DMR 1, DMR 2, and DMR 3). 

The center frequencies of SIR are prospectively based on 

even-odd-mode analysis. In addition, several high design 

flexibility arms structures are introduced to enhance the 

coupling between resonators and feed-lines. Finally, 

three BPFs with single, dual, and triple passbands were 

individually designed, fabricated, and measured. 

 

II. DESIGN OF THE DUAL-MODE 

RESONATOR 

The schematic diagram of the dual-mode resonator 

(DMR) 1 is shown in Fig. 2 (a), which consists of a half-

wavelength resonator and a short-loaded. This DMR is 

denoted by lengths (L1, L2) and widths (W1) with a 

short-circuited stub perturbation with length (W2) and 

width (W3) at the center plane. The even- odd-mode 

method can be applied to the equivalent circuits because 

of the symmetrical structure. 
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Fig. 1. (a) Schematic diagram of the proposed BPF 1, (b) schematic diagram of the proposed BPF 2, and (c) schematic 

diagram of the proposed BPF 3. 

 

 
 

Fig. 2. (a) Schematic diagram of the proposed DMR 1, (b) schematic diagram of the proposed DMR 2, and (c) 

schematic diagram of the proposed DMR 3. 

 

 
 (a) (b) 
 

Fig. 3. DMR analysis using the even-odd-mode method: 

(a) equivalent circuit in the odd-mode, and (b) equivalent 

circuit in even-mode. 
 

The commercially available full-wave 

electromagnetic simulators HFSS were used to 

characterize the electric field patterns for the dual-mode 

resonator. HFSS uses the finite element method (FEM) 

to analyze the electromagnetic characteristics of 3D 

objects. The basic process of solving the problem by FEM 

includes three parts, which are the mesh discretization  

of the object, the solution of the simultaneous matrix 

equations related the mesh and the postprocessing 

calculation of the problem. 

It can be seen that the whole structure is symmetrical 

with the center point, so the center point is modeled as 

the origin point and the mirror operation is applied. The 

physical excitation of the filter is by the coaxial line with 

the TEM wave. In order to use the wave-guide port in the 

simulation code, the port surface must cover more than  

ninety-five percent of the TEM field. It is assumed that 

the width of the excitation microstrip is w and the 

thickness of the dielectric layer is h. The height of the 

wave port is generally set to 6–10h. When w > h, the 

width of the wave port is set to about 10w; when w < h , 

the width of the wave port is set to about 5w. Finally, the 

height and width of the wave port of are 10h and 10w in 

this paper. 

According to the standard which is set up by user, 

HFSS simulation code uses adaptive mesh generation 

technology. The solution frequency of the meshing is 

generally set at the center frequency of the filter. After 

each new mesh subdivision, HFSS will compare the 

results of the S parameters with the old one. If the error 

is less than the set criterion, it is shown that the result   

is convergent and the adaptive process will end. The 

dimensions are optimized by a full-wave simulation to 

take all the discontinuities into consideration. 

The symmetrical plane can be modeled, as an electric 

wall (E. W.) with the equivalent circuits in Fig. 3 (a) 

under odd-mode excitation, while as an magnetic wall 

(M.W.) under the odd-mode excitation in Fig. 3 (b). 

Therefore, the odd-mode resonant frequency fodd and 

even-mode resonant frequency feven can be determined by 

the Lodd and Leven, respectively, which can be expressed 

approximately as: 

 
21 22 LLLodd += , (1) 

 221 22 WLLLeven ++= . (2) 

Then the odd-mode frequency fodd and the even-mode 

frequency feven can be expressed as: 
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where c is the speed of light, and ɛeff is the effective 

dielectric constant of the substrate. 

 

III. DESIGN OF THE PROPOSED FILTERS 

The coupling scheme of the single-band filter based 

on DMR1 and complex feed-lines is shown in Fig. 4. 
 

 
 

Fig. 4. Coupling structure of the proposed single-band 

BPF I. 

 

The signal is coupled to two modes at the same time, 

providing two main paths between the source and load, 

and there is no coupling between each mode. Two 

transmission zeros can be created near passband due to 

the two mainly signals path and source-load coupling  

(S-L coupling) counteraction. The coupling matrix can 

be written down as: 



















0

0

0

0

LoLeLS

oLoooS

eLeeeS

SLSoSe

MMM

MMM

MMM

MMM

.
 

In this coupling matrix, the subscript of e and o  

refer to the even- mode and odd- mode, separately, while 

the subscript of S and L refer to the source and the load. 

Since the proposed single-band filter exhibits symmetry 

property, the relationship MeS = MeL, and MoS = –MoL 

establishes. The gap between source and load So is 

introduced to provide proper S-L coupling coefficient 

MSL for generating an additional zero. In order to get 

coupling matrix, an example is taken of a second order 

generalized Chebyshev filter with the center frequency 

of 2.4 GHz, the 3 dB bandwidth of 130 MHz, the return 

loss of 28 dB and two trans-mission zeros frequencies 

locate at 1.7 and 2.9 GHz.The corresponding coupling 

coefficients [14] are: 

 



















088523.0-79976.0025.0

88523.0-5551.1088523.0

79976.005551.1-79976.0

025.088523.079976.00

.

 
 

IV. RESULT AND DISCUSSION 

In Fig. 2 (a), the length W2 does not affect the odd-

mode resonant frequency, whereas the even-mode is 

directly depend on the length W2, to observe the mode 

splitting, the dual-mode resonators have been simulated 

with vary loaded size. As shown in Fig. 5 (a), when W2 

increases from 0.4 to 1.2 mm (the others are as L1 = 15.75 

mm, L2 = 8 mm, W1 = 0.3 mm, W3 = 1 mm, R = 0.2 mm), 

the resonant frequency of the even mode decreases from 

2.35 GHz to 2.29 GHz, while that of the odd mode hardly 

changes. The line lengths L1 and L2 affect both the even- 

and odd-mode resonant frequencies. Figure 5 (b) depicts 

that the even- and odd-mode resonant frequencies vary 

with L1. When L1 increases from 13.75 mm to 15.75 mm 

(the others are as L2 = 8 mm, W1 = 0.3 mm, W2 = 0.9 mm, 

W3 = 1 mm, R = 0.2 mm), the resonant frequency of the 

even mode decreases from 2.42 GHz to 2.26 GHz, while 

that of the odd mode decreases from 2.52 GHz to 2.35 

GHz, and it is obvious that two curves are almost parallel 

lines. From the above two diagrams, it can be seen that 

desired center frequency can be regulated by changing 

the length of SIR and the shorted stub. 

The structure of the proposed single-band filter I is 

shown in Fig. 1 (a). It consists of a DMR with the S-L 

coupling. Since the DMR 1 locates at the down side of 

the feed lines, another DMR is added to work on 3.5 GHz 

to get a dual-band filter and make full use of the space of 

the substrate. Moreover, because of the special of the 

structure, the two DMRs can be individually designed. 

Fig. 6 gives the curves about 3 situations: with DMR 1, 

with DMR 2 and with two DMRs. Figure 1 (b) depicts 

the layout of the proposed dual-band BPF II. DMR 1 and 

DMR 2 are distributed over the upper and lower sides of 

the feed lines, and we can see that DMR 2 is a structure 

similar to DMR 1. Similarly, DMR 3 (seen in Fig. 1 (c)) 

can be added into the dual-band BPF, and the tri-band 

BPF can be gained finally. Thus, the current distributions 

of the proposed tri-band BPF at the center frequency of 

each passband are demonstrated in Fig. 7. There is a 

strong current path for the DMR at its center frequency, 

while the other DMRs exhibit a weak current distribution. 

The main reason for the current path is that there is 

almost no coupling between these DMRs. The three 

DMRs are independent of each other and do not interfere 

with each other, so a strong current appears in one DMR 

at the its center frequency point, while that in other 

DMRs is weak. 
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  (a) 

 

  (b) 

 

Fig. 5. Variation of even-odd-mode resonant frequency 

on W2 (a) and L1 (b). 
 

 
 

Fig. 6. The simulation of S21 parameter of the dual-band 

BPF II with DMR 1, DMR 2, DMR 1 and DMR 2. 

 

The geometrical dimensions of proposed filter III are 

decided as L1 = 15.75 mm, L2 = 8 mm, L3 = 3.3 mm, L4 = 

11.8 mm, L5 = 3.3 mm, L6 = 2.9 mm, L7 = 2.6 mm, W1 = 

0.3 mm, W2 = 0.9 mm, W3 = 1 mm, W4 = 0.5 mm, W5 = 

0.8 mm, W6 = 2.7 mm, R = 0.2 mm, and the compact sizes 

are about 0.2×0.13 λg. 

 
 

Fig. 7. Current distribution of the proposed tri-band BPF 

III. 
 

 
 (a) 

 
 (b) 

 
 (c) 

 

Fig. 8. Simulated and measured results: (a) of the 

proposed single-band BPF I, (b) of the proposed dual-

band BPF II, and (c) of the proposed tri-band BPF III. 
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Figure 8 depict the results of simulated and 

measured, the red curves represent the simulated results, 

while the black curves stand for the measured results.   

It can be seen the measured results meet the simulated 

ones very well. Tables 1, 2 and 3 show detailed design 

specification of BPF I, II, and III. f0 infers to center 

frequency of every passband. BW indicates the bandwidth, 

IL and RL stand for insertion and reflection loss, 

separately. For the comparison with the previous 

investigations, Table 4 summarizes some dual-mode 

BPF performance characteristics. From the Table 4, it 

can be seen that the presented tri- band BPF shows 

miniature size with good performances when compared 

with the previous works. 
 

Table 1: Design specifications of the filter I 

Results fo/GHz BW/MHz IL/dB RL/dB 

Sim. 2.4 130 0.21 35 

Mea. 2.4 120 1 21 

 

Table 2: Design specifications of the filter II 

Results Bands fo/GHz BW/MHz IL/dB RL/dB 

Sim. 
Band I 2.4 180 0.2 29 

Band II 3.51 130 0.26 31 

Mea. 
Band I 2.45 180 1.1 14 

Band II 3.51 130 1.5 20 

 
Table 3: Design specifications of the filter III 

Results Bands fo/GHz BW/MHz IL/dB RL/dB 

Sim. 

Band I 2.4 150 0.3 35 

Band II 3.5 130 0.4 18 

Band III 5.2 470 0.21 35 

 Band I 2.46 130 1.5 18 

Mea. Band II 3.55 130 1.6 20 

 Band III 5.22 470 1.3 30 

 

Table 4: Comparison between the reference filters and the proposed filter III 

References f0/GHz IL/dB RL/dB 
Filter Size 

(λg×λg) 
FBW/% 

6 1.57/2.45/5.25 1.5/1.34/0.908 16/16/17 0.182×0.26 8.2/7.3/9.9 

7 1.8/2.4/5.8 1.5/0.9/2.9 15/23/18 0.16×0.17 8.9/12.5/5.3 

9 1.5/2.45/3.5 1.17/1.02/2.17 19/20/19 0.28×0.11 7.5/5.8/3.6 

10 1.8/3.5/5.8 0.88/1.33/1.77 21/15/15 0.108×0.521 7/5/3.5 

11 1.52/3.42/5.31 2.6/2.3/5.3 15/35/10 0.36×0.38 5.9/5.8/4 

This work 2.46/3.55/5.22 1.5/1.6/1.3 18/20/30 0.2×0.13 5.3/3.7/9 

V. CONCLUSION 

In this paper, a kind of folded short-loaded dual-

mode resonators are proposed. By controlling length 

ratios of stepped-impedance resonator and shorted   

stub, three passbands with two poles can be controlled 

independently in an appropriate range. Finally, three 

filters, conforming 802.11n protocol, are designed and 

fabricated on the Rogers 5880 substrate with the relative 

dielectric constant ɛr = 2.2, substrate loss tanδ = 0.002, 

and the thickness h = 0.508 mm. It is shown that the 

proposed BPFs have the advantages of good performance. 

The insertion losses of measured are lower than 2 dB, the 

frequencies can be tuned conveniently and independently. 

Good agreement can be achieved between measured 

results and simulated ones. Based on the above analysis, 

it can be concluded that our design is attractive for 

multiband wireless communication.  
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