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ABSTRACT 

This paper presents a compact dual-band bandpass 

filter that involves using the embedded asymmetric stepped 

impedance resonators (SIRs) for achieving simultaneously 

compact circuit size and good dual-band performance. The 

embedded asymmetric SIR is designed to have two 

resonant paths at 2.4 GHz and 3.5 GHz. The resonant 

frequencies can be easily controlled by tuning impedance 

ratio (K1 and K2) and length ratio (α1 and α2) for each 

resonant path in the embedded asymmetric SIR. This study 

is showing simple configuration, effective design method 

and compact circuit size. The measured results are in good 

agreement with the simulation results.1 
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I. INTRODUCTION 

Recent developments in microwave dual-band 

bandpass filters (BPFs) have been gaining much attention 

for multi-service wireless communication systems [1]. 

Dual-band filters became important building blocks and 

deeply demanded. To design a dual-band filter with low 

insertion loss, compact size, good passband selectivity and 

 
Figure 1. Coupling structure of the proposed filter. (The 

superscripts of I and II, indicate first 

passband and second passband.) 

 

wide stopband is a challenge for the circuit designers.  

Some previous works for the dual-band filters are 

proposed [2]-[5]. In [2], the multi-layered filter consists of 

the stub-loaded stepped-impedance resonator on the top 

layer and the stub-loaded uniform-impedance resonator on 

the bottom layer that can provide the multi-path 

propagation to enhance the filter performance and compact 

circuit size. In [3], the filter using multi-stub loaded 

resonator contains six symmetric stubs, which can provide 

sufficient coupled sections between adjacent resonators, it 

is realizable to build the high-order dual-band filters using 

the proposed resonators. In [4], the dual-band filter using 

net-type resonator is designed to simultaneously operate at 

two closely specified passbands. 

In [5], the dual-band filter using the short-circuited 

stepped-impedance resonator to easily control the first and 

second resonances by adjusting its structural parameters is 

proposed. However, the spurious response of these works 

needs to suppress at higher passband frequency range. 

Besides, the circuit size of previous works are a little bit 

large because the resonators are arranged by the  
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(a)

 
(b) 

Figure 2. (a) Configuration and (b) two embedded 

resonant paths of the proposed filter. All are 

in mm. 

 

direct-coupling or cross-coupling structures. 

This paper presents a compact dual-band bandpass 

filter that involves using the embedded asymmetric stepped 

impedance resonators (SIRs) for achieving simultaneously 

compact circuit size and good dual-band performance. The 

embedded asymmetric SIR is designed to have two 

resonant paths at 2.4 GHz and 3.5 GHz. The resonant 

frequencies can be easily controlled by tuning impedance 

ratio (K1 and K2) and length ratio (α1 and α2) for each 

resonant path in the embedded asymmetric SIR. The 

design procedure of the filter is simple and may be 

followed easily. This study provides a simple and effective  

(a) 

 
(b) 

(c) 

Figure 3. (a) Structure, (b) relations of the normalized 

fsi/f0 versus length ratio α with different 

impedance ratio K (K1 = Z2 / Z1, K2 = 

((Z2+Z4)/2) / ((Z1+Z3)/2), α1 = θ2 / (θ1+θ2) and 

α2 = (θ2+θ4) / θT) and (c) distribution of 

fundamental and higher order resonant 

modes of the proposed SIRs. 

 

method to design a low-loss compact dual-band BPF 

without complex design and fabrication process. 
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II. FILTER DESIGN 

Fig. 1 shows coupling structure of the proposed filter. 

In comparison of conventional multi-passband filters, the 

filter is only using two coupled resonators to generate dual 

passband with high passband selectivity. Each resonator 

includes two resonant paths operated at 2.4 and 3.5 GHz as 

indicated superscript of I and II shown in Fig. 1. The filter is 

designed, simulated and fabricated on the substrate of 

Duroid 5880 with dielectric constant εr = 2.2, loss tangent δ 

= 0.0009 and thickness of 0.787 mm. The filter consists of 

two embedded asymmetric stepped impedance resonators 

connected each other by via hole (magnetically coupling) 

The source-loaded lines are able to control simultaneously 

the performance of the two passbands. The filter 

configuration and the two resonant paths by the embedded 

asymmetric SIR are shown in Fig. 2. Path 1 (indicated by 

red) is designed at 2.4 GHz by using the 

quarter-wavelength SIRs. Path 2 (indicated by blue) is 

designed at 3.5 GHz, by using c-shape asymmetric 

half-wavelength SIRs. Path 2 is embedded in a 

quarter-wavelength SIR (as path 1) so as to reduce the 

circuit size. Two passbands are generated and controlled 

individually by tuning the structure parameters of each path. 

The filter is not only using two coupled resonators to 

generate two passbands, but also producing the 

transmission zeros at each passband skirt. The transmission 

zeros are generated based on multipath propagation of 

cross coupling effects in the filter. Fig. 3(a) shows the 

structure of the embedded asymmetric SIR. The embedded 

asymmetric SIR is composed of a quarter-wavelength SIR 

([(Z1, θ1), (Z2, θ2)] as path 1 at 2.4 GHz) and embedded 

half-wavelength SIRs [(Z2, θ2), (Z1, θ5), (Z3, θ3), (Z4, θ4)] as 

path 2 at 3.5 GHz). By properly tuning the dimension such 

as impedance ratio of K1 = Z2/Z1, 

K2=((Z2+Z4)/2)/((Z1+Z3)/2) and length ratio of α1 = θ2 / 

(θ1+θ2), α2 = (θ2+θ4) / θT, the arrangements of every 

resonant mode become more flexible. The resonant modes 

of the multipath-embedded SIR can be derived by setting 

Yin = 0, expressed as Fig. 3(b) shows relations between the  

 

Figure 4. Simulated frequency responses of different 

length L5 and L6 for each resonant path. 

(Changing L5 with fixed L6 = 5 mm and 

Changing L6 with fixed L5 = 2.9 mm.) 

 

normalized fsi/f0 and length ratios of α1 and α2 with Fig. 4. 

impedance ratios of K1 and K2. 
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for each path. Path 1 shows resonant mode of a 

quarter-wavelength SIR. Path 2 shows resonant modes of 

the asymmetric half-wavelength SIR. It is found that each 

resonant path can be designed individually by using the 

embedded asymmetric SIR. The appropriate design 

parameters of multipath-embedded SIRs are indicated as 

marked point A and B in Fig. 3(b). Using embedded 

asymmetric SIR, design of multi-band filter with very close 

(and / or faraway) passbands can be easily achieved and 

having the high passband selectivity of each passband. Fig. 

3(c) shows the fundamental and higher order resonant 

modes of the embedded asymmetric SIR. The 

arrangements of fundamental and higher order resonant 

modes are critical for the dual passband with very wide 

stopband. Fig. 4 shows simulated frequency responses of 

different lengths L5 and L6 for each resonant path. To  
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Figure 5. Relations between the FBW (Δ1 and Δ2), 

source-load line length L1 and the coupling 

gap d2 at 2.4 and 3.5 GHz for the proposed 

filter. 

 

 

Figure 6. Current distribution of the proposed filter. 

 

simplify the design, the parameters of sections of (Z2, θ2) 

and (Z4, θ4) are fixed, only to change the lengths of (Z1, θ1) 

as L5 and (Z3, θ3) as L6 for evaluating the effects of 

passband performance. For an example as path 1, 1st 

passband (2.4 GHz) is shifted to lower frequency with 

maintaining response for path 2 when L5 is increased. 

Similarly, the resonant frequencies of path 2 (3.5 GHz) is 

shifted to lower frequency when L6 is increased. Each path 

is created by the quarter-wavelength (and/or a asymmetric 

half- wavelength) SIR. The resonant frequencies of each 

path can be tuned in wide frequency range without 

 

(a) 

 

(b) 

Figure 7. (a) Photograph and (b) measured results of 

the dual-band filter. 

 

affecting another passband performance. Therefore, each 

passband can be implemented individually very well by 

using the embedded asymmetric SIR. Fig. 5 shows the 

relations between the 3-dB fraction bandwidth (FBW), 

source-load coupling lines length L1 and the coupling gap 

d2 at 2.4 GHz and 3.5 GHz of the proposed filter. 

The extraction of quality factor (QE1 and QE2) can be found 

as follows [6] 

QEi = f0i / (Δf±90°), i = 1 or 2                     (3) 

where f0 and Δf±90° represent the resonant frequency (at 

2.4/3.5 GHz) and the absolute bandwidth between the ±90°  

points of S11 phase response for the coupling gap d2 

between the I/O ports. The subscript i indicates 1st 

passband to 2nd passband. The corresponding realizable 
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Table 1. COMPARISONS WITH OTHER 

PROPOSED FILTERS. (λg IS THE GUIDED 

WAVELENGTH OF THE 1ST CENTER 

PASSBAND FREQUENCY 

 Ref. [2] Ref. [8] Ref. [9] This study 

Substrate height 

(mm)/ ε
r
 0.787/2.2 0.635/6.15 0.8/4.4 0.787/2.2 

1st / 2nd passband 

(GHz) 2.4 / 5.2 1.6 / 2.45 1 / 1.5 2.4 / 3.5 

|S11| (dB) 20 / 20 12 / 12 16 / 15.2 20 / 25 

|S21| (dB) 0.4 / 0.58 1.46 / 1.16 1.58 / 1.54 1/ 0.8 

FBW (%) 20 / 10 4.5 / 5.6 3 / 3 6.2 / 7 

30-dB 

Wide Stopband × × × 10 f0 

Circuit Size (mm2) 

(λg* λg) 

868 

(0.25*0.22) 

342  

(0.24*0.25) 

1453  

(0.3*0.24) 

295  

(0.23*0.17) 

 

3-dB fractional bandwidths (Δi) for dual-passbands are as 

follows. 

Δi = g0ig1i / QEi, i = 1 or 2                        (4) 

where g0i and g1i are element values of the filter response 

function and QEi is the extracted external quality factor by 

using the full-wave electromagnetic (EM) simulation [7]. 

Fig. 6 shows the current distribution of the filter. It is clearly 

observed that 1st and 2nd passband at 2.4 and 3.5 GHz are 

generated by the inductive-coupled SIRs and no 

interactions produced to interfere the dual passband 

performance. The dual-band bandpass filter with low 

insertion loss is well achieved. It is noted that the size of 

filter is around 19.8 × 14.9 = 295 mm2 (only approximately  

0.23 λg × 0.17 λg, where λg is guided wavelength at 

2.4GHZ. 

III. RESULTS 

Photograph of the fabricated BPF is shown in Fig. 7(a). 

The measured frequency response is characterized using an 

R&S ZVA40 network analyzer. Fig. 7(b) shows the 

measured results of the filter. The filter has measured center 

frequencies at 2.4 and 3.5 GHz, the 3-dB fractional 

bandwidth (FBW) of 6.2 % and 7 %, the minimum 

insertion loss (-20 log |S21|) of 1 and 0.8 dB and the wide 

stopband under 30 dB over around 10 f0 (at 1st passband) is 

well achieved. The transmission zeros at 2.1, 2.8 and 4.1 

GHz are clearly observed, resulting in high passband 

selectivity. The comparison of the filter with other reported 

works is summarized in Table 1. The proposed resonators 

essentially help not only to create the multi-path 

propagation, but also to reduce the overall circuit size. 

Good agreement between measurement and simulation 

validates the feasibility of the configuration. 

IV. CONCLUSIONS 

This paper presents a dual-band passband filter using 

the embedded asymmetric SIR. Good dual-band 

performance and high passband selectivity are well 

designed and implemented. The dual-band response is 

generated by properly choosing the impedance ratio and 

length ratio of the SIRs. The transmission zeros are 

generated by multipath propagations from cross-coupling 

effects in the filter. The circuit size is reduced greatly 

compared with the other reported works. Measured results 

reveal that the filter achieves a compact circuit size, low 

insertion loss and good passband selectivity at each 

passband. The proposed method of the dual band passband 

filter is effectively useful for multi-band wireless 

communication systems.  

V. ACKNOWLEDGEMENT 

This work was supported by the Ministry of Science 

and Technology under Contract 

MOST110-2823-8168-001. 

REFERENCES 

[1] H. Miyake, S. Kitazawa, T. Ishizaki, T. Yamada, 

and Y. Nagatomi, “A miniaturized monolithic dual 



 

17 
 

band filter using ceramic lamination technique for 

dual mode portable telephones,” IEEE MTT-S Int. 

Microw. Symp. Dig., vol. 2, pp. 89-792, 1997. 

[2] H. W. Wu, Y. F. Chen and Y. W. Chen, 

“Multi-layered dual-band bandpass filter using 

stub-loaded stepped-impedance and 

uniform-impedance resonators,” IEEE 

Microw.Wireless Compon. Lett, vol. 22, no. 3, pp. 

114-116, Mar. 2012. 

[3] F. C. Chen and Q. X. Chu, “Novel multistub loaded 

resonator and its application to high-order dual-band 

filters,” IEEE Trans. Microw. Theory Tech., vol. 58, 

no. 6, pp. 1551-1556, Jun. 2010. 

[4] C. H. Tseng and H. Y. Shao, “A new dual-band 

microstrip bandpass filter using net-type resonators,” 

IEEE Microw.Wireless Compon. Lett.,vol. 20, no. 4, 

pp. 196-198, Apr. 2010. 

[5] W. S. Chang and C. Y. Chang, “Analytical design 

of microstrip shortcircuit terminated 

stepped-impedance resonator dual-band filter,” 

IEEE Trans. Microw. Theory Tech., vol. 59, no. 7, 

pp. 1730-1739, Jul. 2011. 

[6] J. S. Hong and M. J. Lancaster, Microstrip Filters for 

RF/Microwave Application, 2nd. New York: Wiley, 

2011. 

[7] IE3D Simulator, Zeland Software, Inc. 2002. 

[8] X. Y. Zhang,C. H. Chan,Q. Xue and B. J. Hu, 

“Dual-Band Bandpass Filter With Controllable 

Bandwidths Using Two Coupling Paths,” IEEE 

Microw.Wireless Compon. Lett, vol. 20, no. 11, pp. 

616-618, Nov. 2010. 

[9] C. W. Tang,P. H. Wu,” Design of a Planar 

Dual-Band Bandpass Filter,” IEEE 

Microw.Wireless Compon. Lett, vol. 21, no. 7, pp. 

362-364, July. 2011. 

 

 

 

 

 

Tzu-Chun Tai was born in Pingtung, 

Taiwan. He received the B.S., M.S. 

degrees from the Department of 

Computer and Communication, Kun 

Shan University, Tainan, Taiwan in 

2013 and 2015, respectively. He is 

currently pursuing the Ph.D. degree with the Department of 

Photonics, National Cheng Kung University, Tainan, Taiwan. 

He has authored or coauthored of more than 17 papers in 

refereed journals and symposia proceedings. His current 

research interests include planar microwave passive device, 

microwave imaging, microwave properties of thin film CPW 

line and semiconductor thin film. 

 

Hung-Wei Wu was born in Taipei, 

Taiwan, in 1978. He received the Ph.D. 

degree from the Insti- tute of 

Microelectronics, National Cheng Kung 

University, Taiwan, in 2007. In 2007, he 

joined the Advanced Optoelec- tronics Technology Center, 

National Cheng Kung University, as a Postdoctoral Research 

Fellow. Since 2009, he worked as Kun Shan University, 

Tainan, Taiwan, where he was the Dean of the Creative of 

Media, the Director of the Innova- tion, Startup and 

Incubation Center, and a Full Professor with the Depart- ment 

of Computer and Communication. now, he is a Full Professor 

with the Department of Electrical Engineering, Feng Chia 

University, Taiwan. He has authored or coauthored over 150 

publications. He holds 46 patents. His research interests 

include planar microwave filters, thin-film microstrip lines, 

transparent conducting oxide (TCO) thin films, bioelectronics, 

and biosensors in microwave and millimeter-wave 

applications. 

Dr. Wu is a Senior Member of the IEEE, a member of the 

European Microwave Association (EuMA) and the Institution 

of Engineering and Technology (IET), the IEEE MTT-S 

Technical Committee Member in MTT-10, the 

Nano-Biomedicine Technical Committee Member in the 

IEEE Nanotechnology Council (NTC), the IEEE EMB-S 

Technical Committee Member on Bionanotechnology and 



 

18 
 

BioMEMS, and the IEEE Region-10 Conference and 

Technical Seminar Committee. He was a recipient of the 

2016 IEEE MTT-S Outstanding Young Engineer Award, the 

Innovation Award in 2016 TECO International Green Tech 

Contest, the 2017 National Industrial Innovation Award, the 

2017 Outstanding Electrical Engineering Professor Award 

twice, the 2018 National Innovation Award, the 2019 

Outstanding Teaching Award by Kun Shan University, and 

the 2019 MERCK Award of Honor. Hewas a recipient of the 

2015 and 2014 National Innovation Award, the Outstanding 

Young Electrical Engineer Award and Outstanding Electrical 

Engineer Award in 2014, the IEEE Tainan Section Best Gold 

Member Award, the Outstanding Youth Award of TAIWAN 

Electronics Devices and Materials Association, and the Silver 

Medal Award of the Exhibition of Inventions Geneva, 

Switzerland, in 2013. He was also a recipient of the Gold 

Medal Award of the Taipei International Invention 

Competition and the Outstanding Research Academic 

Reward of Univer- sities by Ministry of Science and 

Technology, in 2012. He also serves on the Technical 

Program Committee and the Organizing Chair of workshops 

of the 2016 and 2015 IEEE Bio Wireless Conference. He is 

currently a Founder and Chairperson of the Board of Techtron 

Technology Company, Ltd., Techtron is mainly developing 

for new antibody-free and biomarker- free �m-level 

particles/cells screening solutions and associating with next- 

generation sequence of gene analysis. He has also served as 

invited speaker in many IEEE-related conferences, such as the 

IEEE MTT-S IMS, the IEEE MTT-S RWS, and the IEEE 

MTT-S APCAP. He has served as an Associate Editor for the 

International Journal of Microwave andWireless 

Technologies and Recent Advances in Electrical and 

Electronic Engineering, since 2013. 

 

Yung-Wei Chen was born in Taichung, 

Taiwan on August 1, 1989. He received 

the M.S. degree in Department of 

Computer and Communication, Kun 

Shan University, Tainan, Taiwan in 

2013 and the Ph.D. degree from the Institute of 

Microelectronics, National Cheng Kung University, Taiwan, 

in 2018. He is now a Postdoctoral Researcher in Kun Shan 

University, Tainan, Taiwan. He has authored or coauthored of 

more than 25 papers in refereed journals and symposia 

proceedings. His research interests include analysis and 

design of passive microwave integrated circuits.  

 

Ping-Tun Huang was born in 

Changhua, Taiwan on October 18, 1996. 

He is currently pursuing the M.S. degree 

in the Department of Electronic 

Engineering, Kun Shan University, 

Tainan, Taiwan. His research interests include planar 

microwave components. 

 

Chuan-Wang Chang received the M.S. 

degree in Electrical Engineering from 

National Sun-Yat-sen University, 

Taiwan, in 1995 and Ph.D. degree in 

electrical engineering from National 

Cheng Kung University, Taiwan, in 2010, respectively. He is 

an Assistant Professor at the Department of Computer 

Science and Information Engineering, National Chin-Yi 

University of Technology, Taichung, Taiwan. His research 

interests include application of artificial intelligence, 

automated optical inspection, multimedia database, 

application of Internet of Things, and VLSI design & testing. 


