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Abstract. A new approach allowing to improve frequency-selective properties for a fixed order 

of N filter is suggested. In all the studies, conducted with the help of numerical electrodynamic 

analysis of 3D models of microstrip filters based on a multimode resonator, the same substrate 

with dielectric constant ε=2.8 and thickness h=2 mm (material - FLAN) was used in 

calculations. The central bandpass frequency of microwave structures f0≈1.4 GHz was 

registered and as well as relative bandwidth Δf/f0≈80%. The strip conductor of central 

multimode resonator in six studied filters of the sixth and eighth orders has the shape of an 

irregular meander being electromagnetically connected with four single-mode resonators, a 

pair of which is located to the left of it, and the other pair is to the right. It is shown that in 

single-mode quarter-wave resonators building-up the number of portions of identical parallel 

strip conductors, connected to a screen at one end and connected with each other by a strip 

conductor jumper, can increase the power of suppression at low-frequency stop band by more 

than 15 dB, as well as near high-frequency slope of passband by more than 10 dB. Therefore, 

the level of maximums of return losses in the passband of wideband bandpass filter ranges 

within a few dB. 

1. Introduction 

During the process of development and study of new frequency-selective devices, including microstrip 

filters, developers traditionally make an attempt to increase their frequency-selective properties, to 

enhance the manufacturability and to reduce the size and cost of the finished product [1-5]. 

While constructing a broadband microstrip filter [6, 7], multimode resonator with strip conductors 

in the shape of an irregular meander [8] proved themselves. The use of such resonator in microwave 

structure as central electromagnetically associated with multiple single-mode resonators at the input 

and the output, two of which are connected to a screen, allows to observe among the amplitude-

frequency characteristics (AFCs) plurality of attenuation poles, a pair of which is on the left, and a pair 

- on the right near passband [8]. As a result, frequency-selective properties of such filter are improved 

significantly. Besides the increase of number of periods in «irregular meander» allows to add one 

resonance into the passband of wideband filter based on multimode resonator. Moreover, the increase 

of number of single-mode resonators in microstrip construction allows to increase N filter order. Such 

complexity of the structure is accompanied by additional improvements of its frequency-selective 

properties. In this connection, if the research is carried out by means of numerical electrodynamic 

analysis of 3D models, the obtained data coincide with measurements made on constructed layouts. 

http://creativecommons.org/licenses/by/3.0
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However, in fact, a substantial building-up of resonances’ number, forming passband of filter is 

accompanied by strong complexification of «manual» parametric synthesis of the latter with set 

characteristics, especially while using multimode resonator with the number of working oscillation 

modes exceeding four in number. 

Therefore, in the present paper a new approach that will improve the frequency-selective properties 

of the wideband filter without increasing its N order is suggested. 

 

2. The study of frequency-selective properties of wideband bandpass filters 

For objective comparison of amplitude-frequency characteristics of all the investigated broadband 

filters the same substrate with dielectric constant ε=2.8 and h=2 mm thickness (material - FLAN) were 

used in calculations. Also, center bandpass frequency was recorded as f0≈1.4 GHz and the relative 

bandwidth was Δf/f0≈80%. All the data stated in the publication are obtained by electrodynamic 

numerical analysis of 3D model structures. In this case all strip conductors of the considered filters 

have axial symmetry. 

Figure 1a shows the original bandpass filter of the sixth order N=6 [5]. In such microstrip structure 

central resonator with three joined portions of strip conductors 3, 4, as it was mentioned above, is a 

multimode or rather – two-mode one. It is electromagnetically connected with four single-mode 

resonators having extended rectangular strip conductors 1, 2, while conductors 2 are connected to a 

screen at one end. 
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Figure 1. Wideband bandpass filters of the sixth order: original filter (a), filter with four portions of 

strip conductors connected to a screen (b), filter with six portions of strip conductors connected to a 

screen (c). Regular portions of conductors are designated by numbers (1-4) and located on the 

dielectric substrate 5. I, II – ports of the filters. 
 

In such filter the internal quarter-wave single-mode resonators (figure 1b and figure 1c) can be 

transformed, increasing the number of, connected to a screen, identical portions of the strip conductors 

2, connected with each other by strip conductor jumper 2a. It is necessary to note that the dimensions 

of the strip conductor 1 and portions 3, 4 of the strip conductor structure were not changed, while the 

bridge dimensions, its location and width of the conductors’ portions 2 were chosen in order to 

enhance power suppression in stop bands of broadband filter (figure 2). 

Moreover, two- or three-times increase of the number of strip conductors of such portions increases 

capacity suppression by 10.8 dB (11.7 dB) at frequencies of low-pass stop band and by 10.1 dB 

(11.6 dB) near high-pass slope of the passband. 

It should be noted that the level of maximums of return loss R(f) in the passband structure ranges in 

its turn within several dB, so such change of single-mode resonators, in fact, does not make the 

wideband filter’s setting more complicated. 
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Figure 2. Amplitude-frequency characteristics of filters of the sixth order: AFCs of filter shown in 

figure 1a (dashed lines), AFCs of filter shown in figure 1b (line), AFCs of filter shown in figure 1c 

(points). L(f) – frequency dependence of direct losses, R(f) – frequency dependence of losses in 

reflection. 

 

It is necessary to mention that the proposed approach aimed at improving the frequency-selective 

properties of wideband constructions can be applied dealing with higher order of N filter. It is shown 

by the example of bandpass filter of the eighth order that has already been implemented at four-mode 

resonator (figure 3). 

In such resonator the portions of strip conductors 3-6 are joined in the form of irregular meander 

with a large number of foldings. 
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Figure 3. Wideband bandpass filters of the eighth order: original filter (a), filter with four portions of 

strip conductors connected to a screen (b), filter with six portions of strip conductors connected to a 

screen (c). Regular portions of conductors are designated by numbers (1-6) and located on the 

dielectric substrate 7. I, II – ports of the filters. 

 

For objective comparison of construction characteristics, the same number of additional portions of 

strip conductors was used. Moreover, two-times increase of the number of portions in the strip 
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conductors 2 (figure 3) increases power attenuation by 12.3 dB (16.2 dB) at frequencies of low-pass 

stop band and by 5.7 dB (10.1 dB) near the high-pass slope of passband (figure 4). 
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Figure 4. Amplitude-frequency characteristics of filters of the eighth order: AFCs of filter shown in 

figure 3a (dashed lines), AFCs of filter shown in figure 3b (line), AFCs of filter shown in figure 3c 

(points). L(f) – frequency dependence of direct losses, R(f) – frequency dependence of losses in 

reflection. 

 

Dimensions of strip conductors in resonator as well as the gaps between them for all six studied 

structures are presented in table 1. 

 

Table 1. Dimensions of filters conductors. 

Figure with appropriate for 

filter conductors 

Position of strip 

conductor or 

portions in figure 

The area of strip 

conductor or 

portions (mm
2
) 

The gaps between 

strip conductors or 

portions (mm) 

figure 1a, figure 1b, figure 1c 1 38.70×0.80 1 and 2 – 0.25 

figure 1a, figure 1b, figure 1c 3 45.70×0.70 2 and 3 – 0.35 

figure 1a, figure 1b, figure 1c 4 19.90×5.60  

figure 1a 2 35.90×0.75  

figure 1b 2 35.90×0.60  

figure 1b 2a 1.30×0.05  

figure 1c 2 35.90×0.40  

figure 1c 2a 0.90×0.05  

figure 1c 2b 0.70×0.05  

figure 3a, figure 3b, figure 3c 1 42.90×1.00 1 and 2 – 0.20 

figure 3a, figure 3b, figure 3c 3 48.40×0.30 2 and 3 – 0.40 

figure 3a, figure 3b, figure 3c 4 10.20×7.90  

figure 3a, figure 3b, figure 3c 5 47.10×6.70  

figure 3a, figure 3b, figure 3c 6 13.60×0.20  

figure 3a 2 37.40×0.70  

figure 3b 2 37.40×0.55  

figure 3b 2a 0.70×0.15  

figure 3c 2 37.40×0.45  

figure 3c 2a 0.70×0.15  

 



5

1234567890

International Conference PhysicA.SPb/2016 IOP Publishing

IOP Conf. Series: Journal of Physics: Conf. Series 929 (2017) 012025  doi :10.1088/1742-6596/929/1/012025

 

 

 

 

 

 

3. Conclusions 

Consequently, it is shown that the improvement of frequency-selective properties of microstrip 

wideband bandpass filters based on resonator with strip conductors in the shape of irregular meander 

is observed not only while increasing the number of rollup of the strip conductor multimode resonator 

as well as while increasing the number of single-mode resonators in constructions, but also while 

building-up the number of connected to a screen portions of strip conductors in single-mode 

resonators. 
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