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 1 

 

Abstract—High-selectivity single-ended and balanced bandpass 

filters (BPFs) using dual-mode ring resonators and coupled lines 

loaded with multiple stubs are proposed in this paper. With the 

help of the loaded short-circuited and open-circuited stubs, six 

deep transmission zeros (TZs) from 0 to 2f0 (f0: center frequency 

of the passband) can be realized in both of single-ended and 

balanced BPFs to improve the stopband suppressions. The 

functions of the loaded short/open stubs and calculated analysis of 

TZs’ positions have been presented. For further demonstration, 

two examples of single-ended BPF and balanced BPF with high 

common-mode suppression are designed and fabricated, whose 

center frequencies are both at 2.1 GHz. Their measured 3-dB 

fractional bandwidths are 23.7% and 24.7% (differential-mode), 

respectively. The simulated results and measurements of these 

two filters are in good agreement. 

 
Keywords—Balanced bandpass filters, high-selectivity filters, 

ring resonators, parallel-coupled lines, transmission poles, 

transmission zeros. 

I. INTRODUCTION 

High-performance components and circuits are extensively 

desirable in the modern radio-frequency and microwave 

wireless communication systems. These components mainly 

include active circuits such as power amplifiers [1] and passive 

circuits such as power dividers [2] and bandpass filters (BPFs) 

[3]-[5]. The design of the BPFs is indispensable to meet the 

specific demands of consumer electronics and industrial 

applications. Recently, many planar BPFs with low insertion 

losses in the passbands and high out-of-band rejections have 

been reported using signal-interference techniques [6]-[7], stub 

loaded techniques [8]-[9], substrate integrated waveguide [10] 

and so on. 

Additionally, balanced BPFs have more advantages of noise 

immunity and low electromagnetic interference in wireless 

communication systems compared with their single-ended 

counterparts [11]. Numerous planar balanced BPFs with 

differential-mode (DM) filtering characteristic and 
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common-mode (CM) suppression have been proposed in 

[12]-[21]. In [12], a fourth-order differential BPF using four 

folded stepped-impedance resonators is presented with 

extended upper stopband. Moreover, balanced filters with 

different configurations are introduced by using multilayer 

structure [13], ring resonators [14], coupled line scheme [15], 

stub loaded structures [16][17], and combined structures of 

coupled lines and stubs [18]-[20]. 

In this paper, a new high-selectivity single-ended BPF using 

dual-mode ring resonator and coupled lines loaded with open 

and short stubs is proposed based on the ring resonator filter in 

[22]. With this simple modification, the filter performance is 

improved, where four transmission poles (TPs) and six 

transmission zeros (TZs) can be realized. The analytical and 

accurate design equations for TPs and TZs are deduced using 

the transmission line theory. Then, based on the single-ended 

BPF structure, a balanced BPF circuit with high-selectivity DM 

filtering characteristic and high CM suppression is presented. 

The detailed analysis procedure, numerical calculation, and 

experimental measurements are demonstrated. 

II. THE PROPOSED SINGLE-ENDED BPF 
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Fig. 1. (a) Ideal circuit of bandpass filter using a conventional dual-mode ring 

resonator, and (b) its S-parameter simulated results. 
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