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Abstract—The recent proliferation of personal wireless 

communication devices is driving the need for multi-band 

frequency selective components including multiplexers and 

dual-band filters. This paper presents a simple technique for 

transforming a single-band bandpass filter (BPF) into a dual-

band BPF. A second order (two-pole) single-band bandpass 

filter was chosen for this research, giving rise to a fourth order 

(four-pole) dual-band bandpass filter after the proposed filter 

transformation. Both filters were then implemented using the 

compact U-shaped microstrip resonator for improved device 

miniaturization. The proposed work features a centre frequency 

of 1.4 GHz for the single-band bandpass filter, with a span of 

3.4% fractional bandwidth. The dual-band bandpass filter 

operates at 1.35 and 1.45 GHz. The design implementation 

employs the commercially available Rogers RT/Duroid 6010LM 

substrate, having a dissipation factor (tan δ) of 0.0023, dielectric 

constant (εr) of 10.7, diel thickness (h) of 1.27 mm, and 

top/bottom cladding of 35 microns. The results reported for the 

theoretical and practical designs show good agreement and 

improved performance when compared to similar research 

works in literature. The practical responses of the prototype 

dual-band BPF indicate a good return loss of better than 18 dB 

across both bands, and an insertion loss of better than 0.1 dB. 

The design prototype achieved physical size of 0.23 λg x 0.18 λg. 

The results reinforce the design’s competitive edge in 

performance. λg is the guided wavelength for the microstrip line 

impedance at the centre frequency of the filter. 

Keywords—BPF; circuit conversion; coupling, microstrip; 

multi-band 

I. INTRODUCTION 

In the rapidly evolving landscape of communication 
technology, the demand for smaller and more efficient devices 
has become increasingly prevalent. This necessity has spurred 
research and development efforts towards enhancing the 
performance of primary devices, particularly filters, which 
play a critical role in signal transmission and reception. Filters 
are passive components designed to selectively transmit or 
receive signals within specified frequency bands [1]–[9]. They 
find applications across a myriad of communication systems. 
One remarkable advancement in this domain is the exploration 
of dual-band bandpass filter (BPF) as a single component in 
communication systems [10]–[18]. This cutting-edge 
approach aimed at achieving compactness and reduced losses 
in the system. Dual-band BPFs, realised by employing dual- 

and multi-mode resonators [19]–[22], have gained attention 
for their ability to significantly reduce the physical size of the 
filter device while enhancing overall performance. Resonators 
play a pivotal role in the investigation of BPF design 
techniques. Diverse resonator structures including hairpin [8], 
quarter-wavelength [1], open-loop ring [15], waveguide [20], 
substrate integrated waveguide [14], and folded-arms square 
open-loop [23], have been employed by researchers to 
successfully achieve BPF components.  

In this paper, a simple technique for transforming a single-
band bandpass filter into a dual-band bandpass filter is 
presented. The proposed method can be extended to any multi-
band bandpass filter and implemented using any resonator of 
choice. Microstrip U-shaped resonator structure [24], [25] is 
employed in the implementation of the proposed prototype 
filters due to its simplicity and relative compact size, when 
compared to other numerous popular microstrip resonator 
structures. To realise the microstrip U-shaped resonator 
structure, the conventional microstrip half-wavelength 
resonator structure shown in Figure 1 (a) is folded into a U-
shape structure with dimensions relative to the standard 
guided wavelength as shown in Figure 1 (b). 

 

                  (a)                                                      (b) 

Fig. 1. Resonator configurations (a) half-wavelength, (b) U-shaped. 

II. THEORETICAL FILTER CONFIGURATION 

The procedure for achieving a single-band BPF begins 
with the transformation of the standard normalised Chebyshev 
lowpass prototype filter element-values of g0 = 1.0, g1 = 
0.6648, g2 = 0.5445, and g3 = 1.2210 to realise a second order 
channel filter at the desired centre frequency of 1.4 GHz, 
fractional bandwidth of 3.4%, and the input/output 



characteristic impedance (Z0) of 50 Ohms. The single-band 
BPF transformation is based on the principles reported in [25], 
and the final circuit configuration is shown in Figure 2(a). The 
single-band BPF is then converted into the corresponding 
dual-band BPF configuration shown in Figure 2(b). The 
transformation from the single-band to the dual-band BPF is 
achieved by simply extending the circuit and retaining a 
similar mutual coupling inductor-only network between each 
pair of resonators as shown in Figure 2(b). The numerical 
values for the capacitive and the inductive parameters 
indicated in Figure 2 are C = 44.4564 pF, L = 0.2907 nH, L01 
= 5.6841 nH, L12 = 5.1442 nH. The numerical values are all 
based on the filter design formulations previously reported in 
[23]. 

 

(a) 

 

 

(b) 

Fig. 2. Filter circuit configurations (a) single-band, (b) dual-band. 

III. PRACTICAL FILTER CONFIGURATION 

The microstrip U-shaped resonator structure reported in 
[24], [25] is employed in the implementation of the proposed 
prototype filters due to its simplicity and relative compact 
size, when compared to other numerous popular microstrip 
resonator structures. The width and guided wavelength for 
designing the U-shaped resonator are determined from [23]. 
PathWave Advanced Design System (ADS) EM Simulation 
Software is used to construct and simulate the layout of both 
filter models, with the coupling arrangements shown in Figure 
3, forming the design foundation. The layouts were created on 
Rogers RT/Duroid 6010LM substrate with a dielectric 
constant of 10.7, a thickness of 1.27 mm, and a loss tangent of 
0.0023. The microstrip U-shaped resonator is designed to 
resonate at the filter circuits specified centre frequency of 1.4 
GHz. 

 

(a) 

 

 

(b) 

Fig. 3. Filter coupling arrangements (a) single-band, (b) dual-band. 
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Equations (1) and (2) proposed in [24] were employed in 
the determination of the mutual coupling coefficient, M, 
between two adjacent resonators (A and B, A and A1, B and 
B1); and the external quality factor, Qe, between the input port 
and the first filter resonator (that is, port 1 and A), and the 
output port and the last filter resonator (that is, port 2 and B), 
respectively. The physical dimensions of the filters microstrip 
layouts, and the corresponding images of the fabricated filter 
devices are shown in Figures 4 and 5, respectively. 

 

(a) 

 

 

(b) 

Fig. 4. Microstrip filter layouts with dimensions in mm (a) single-band, (b) 
dual-band. 



  
(a)                                                            (b) 

Fig. 5. Fabricated filter image (a) single-band, (b) dual-band.                                                      

IV. RESULTS AND DISCUSSION 

 This section captures and discusses both the theoretical 
and practical results for the proposed single- and dual-band 
bandpass filters. The dual-band bandpass filter implemented 
using the microstrip U-shaped resonator has been developed 
from the transformation of a single-band bandpass filter. The 
results for the single- and dual-band bandpass filters are 
presented in Figure 6 for ease of analysis and comparison. The 
results show good agreements between the corresponding 
theoretical and practical responses. Looking at Figure 6(a), the 
single-band bandpass filter transmits at the specified centre 
frequency of 1.4 GHz, with an insertion and return losses of 
0.1 dB and 20 dB, respectively. In Figure 6(b), the dual-band 
bandpass filter transmits at 1.35 GHz and 1.45 GHz, with 
insertion losses of better than 0.1 dB across both bands. The 
return loss achieved in the first band is better than 24 dB, while 
that of the second band is better than 18 dB. The proposed 
dual-band bandpass filter results are compared to the current 
state-of-the-art and captured in Table 1. The performance 
comparison reinforces the design’s competitive edge over 
similar designs reported in literature. The designs achieved a 
physical size of 0.23 λg x 0.15 λg for the single-band bandpass 
filter, and 0.23 λg x 0.18 λg for the dual-band bandpass filter. 
It is important to note that the reported results assume copper 
conductor with cladding thickness of 35 micron (µm) and 
conductivity of 5.8 x 107 S/m. Thickness variation of the 
substrate material used in the design, and metal surface 
roughness were not considered in this research work. 
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Fig. 6. Theoretical and practical filter results comparison (a) single-band, 
(b) dual-band. 

TABLE I. PERFORMANCE COMPARISON WITH RELATED LITERATURE 

Ref. f1/f2 

(GHz) 

Filter 

order 

Size 

(λg)2 

TLa RLb 

(dB) 

ILc 

(dB) 

[1] 2.3/3.7 2/2 0.0224 MS 23/21 1.1/1.9 

[7] 7.8/12.3 2/2 0.0156 Hybrid 15/16 1.3/1.5 

[10] 0.9/2.5 2/2 0.0130 MS 20/12 0.3/0.9 

[12] 2.9/4.4 2/2 0.0308 MS 17/17 0.1/0.1 

[15] 1.6/4.7 2/2 0.0410 SIW 14/21 1.1/1.2 

[18] 1.1/3.4 2/3 0.0221 Hybrid 14/14 0.4/1.3 

[20] 2.9/3.5 2/2 0.0306 WG 17/18 1.0/1.5 

[21] 42.8/60.5 4/6 1.8696 SIW 18/12 1.9/1.4 

This 

work 

1.35/1.45 2/2 0.0410 MS 24/18 0.1/0.1 

a transmission line, b return loss, c insertion loss. 

V. CONCLUSION 

 A dual-band bandpass filter achieved from the 
transformation of a single-band bandpass filter has been 
developed and realized using microstrip U-shaped resonator 
technology. The proposed dual-band bandpass filter operates 
at 1.35 and 1.45 GHz centre frequencies. The realization and 
fabrication are carried out on Rogers RT/Duroid 6010LM 
substrate with a dielectric constant of 10.7, a thickness of 1.27 
mm and a loss tangent of 0.0023. The theoretical and practical 
results of the proposed dual-band bandpass filter show good 
agreement with a return loss of better than 18 dB across the 
two bands, with an insertion loss of better than 0.1 dB on each 
band. The fabricated dual-band bandpass filter device 
achieved a physical size of 0.23 λg x 0.18 λg. Looking at the 
performance comparison in Table 1, it is easy to conclude that 
the proposed dual-band bandpass filter competes well with the 
current state-of-the-art as it has the best insertion loss and a 
very good return loss as recorded in Table 1. The proposed 
dual-band bandpass filter device finds application in modern 
multifunctional communication systems where it is used for 
isolating small sections of a frequency spectrum within a 
wider spectrum. 
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