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A novel bandstop waveguide filter, using split ring resonators, is proposed. Split ring resonators are implemented as 
printed-circuit inserts in a form of reduced dielectric plates, providing better performance in terms of return loss beyond the 
stop band, compared with the structure where dielectric plates across the entire transverse cross-section are applied. The 
filter response is analyzed depending on the various parameters of the resonators. These resonators are used for the 
design of third-order bandstop waveguide filter for single resonant frequency. Also, a novel design of multi-band bandstop 
waveguide filter is developed and dual-band bandstop waveguide filter of the third order, using split ring resonators, is 
presented as an example. 
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1. Introduction 
 

Waveguide filters play a significant role in microwave 

and millimetre-wave applications, where low-loss and high 

power structures need to be implemented. Their principle 

of operation is based on the insertion of the discontinuities 

acting as resonators [1]. Split ring resonators (SRRs) and 

complementary split ring resonators (CSRRs) have wide 

implementation for bandstop and bandpass filter design, 

respectively, either as single-band or multi-band. Multi-

band filters are particularly interesting for consideration. 

Previously published papers have reported various 

methods for filter realization using SRRs and CSRRs. 

Bandpass filters with CSRRs, realized in microstrip 

technology with defected ground structure, are presented in 

[2-3], although there are also realizations using substrate 

integrated waveguide [4] or using rectangular waveguide 

[5-7]. Similarly, bandstop waveguide filter with SRRs is 

proposed in [8]. A common feature of all mentioned 

structures is single frequency band. 

Various examples of CSRRs and SRRs, realized as 

printed-circuit inserts in the rectangular waveguide, are 

presented in [9] and [10-12], for the design of multi-band 

bandpass and bandstop filters, respectively. 

In this paper, novel SRRs, in the form of reduced 

dielectric plates, supported by thin dielectric strips, are 

designed and implemented as printed-circuit inserts in the 

rectangular waveguide. Standard WR90 rectangular 

waveguide is used, and SRRs are inserted in the transverse 

planes, in order to obtain H-plane bandstop waveguide 

filter. By choosing the proper position of the SRRs, third-

order Chebyshev filters are designed for the resonant 

frequencies of 9 GHz and 11 GHz. Finally, dual-band 

Chebyshev bandstop waveguide filter of the third order is 

designed. This filter covers two resonant frequencies 

(f01 = 9 GHz, f02 = 11 GHz), i.e. it has two stop bands, each 

of which has a bandwidth of 335 MHz. For the design and 

analysis of the considered structures, software supporting 

three-dimensional full-wave electromagnetic simulations is 

used. 

The objective of this research was to design novel 

SRRs, to model the bandstop waveguide filters using these 

SRRs and analyze filter responses depending on various 

parameters of the SRRs. Also, third-order filters are 

modelled and their responses are compared with those of 

the proposed equivalent circuits. A novel design of multi-

band bandstop waveguide filter is developed. Based on 

that, third-order dual-band bandstop waveguide filter, using 

proper combination of the novel SRRs, is introduced. 

 

 

2. Bandstop waveguide filter using  
    novel SRRs 
 

The design of the bandstop waveguide filter started 

from the previously proposed model [10-11], using SRRs 

designed on a dielectric plate which covers the entire 

transverse cross-section of the waveguide. Novel SRRs are 

modelled in the form of reduced dielectric plates, supported 

by thin dielectric strips, and they are inserted in the 

rectangular waveguide. These SRRs are used for the design 

of the bandstop waveguide filters with resonant frequencies 

of 9 GHz and 11 GHz. The three-dimensional (3D) 

electromagnetic (EM) model of the filter using novel SRRs 

is depicted in Fig. 1. The parameters of the resonators are 

tuned by means of a series of simulations in WIPL-D 

software [13], in order to obtain proper resonant frequency 

and bandwidth. 

For the filter design, the WR90 standard rectangular 

waveguide of width a = 22.86 mm and height 
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b = 10.16 mm is used. It is assumed that the dominant 

mode of propagation is the transverse electric TE10 mode. 

The waveguide filter is excited by quarter-wave 

monopoles, modelled as thin wires with ideal voltage 

sources at the wire-to-plate junction positions. The 

excitations realized in this manner are parts of the 

waveguide structure. In order to be able to calculate the 

filter response accurately, i.e. to obtain only the 

s-parameters of the filter, the de-embedding technique, 

based on reflection coefficient measurements, is applied. 

The method is performed in three steps, as described in 

[14], which can be summarized as follows. First, the s-

parameters of the full network are obtained by means of 

WIPL-D simulation. Then, feeding circuits (ports) are 

properly modelled and analyzed separately, and their s-

parameters are also obtained by means of WIPL-D 

simulations. Finally, when the s-parameters of the complete 

structure and the feeding circuits are available, the s-

parameters of the desired structure (in our case, waveguide 

filter) can be easily obtained by applying the de-embedding 

option of the WIPL-D software. 

The printed-circuit inserts are realized on RT/Duroid 

5880 microstrip board with a thickness of h = 0.8 mm and a 

metallization thickness of t = 0.018 mm. Each printed-

circuit insert consists of the dielectric plate of width 

apl = 7 mm and height bpl = 4 mm, supported by dielectric 

strips of width wstr = 0.4 mm. According to Fig. 1, the 

parameters of the SRRs are given in Table 1. The SRR 

used here for the bandstop waveguide filter design has the 

gap on the right side of the ring. In [11], the filter response 

is analyzed for different positions of the SRR, and it has 

been concluded that the filter has bandstop characteristic 

only for two positions of the SRR, i.e. when the gap is on 

the left and right side of the ring. For the other two 

positions (when the gap is facing up and down), the 

waveguide with the printed-circuit insert does not operate 

as a bandstop filter. 
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Fig. 1. 3D EM model of the rectangular bandstop  

waveguide filter using novel SRR. 

 

Table 1. Dimensions of the novel SRRs. 

 

Resonant 

frequency 

d1 

[mm] 

d2 

[mm] 

c 

[mm] 

p 

[mm] 

f0 = 9 GHz 2.5 4.9 0.2 0.9 

f0 = 11 GHz 2.5 3.6 0.2 0.9 

The WIPL-D model of the considered waveguide 

filter, along with the model of the feeding structure, is 

shown in Fig. 2. The obtained filter response, compared 

with the response of the filter with dielectric plate across 

the entire transverse cross-section as in [10-11], is shown in 

Fig. 3. It should be emphasized that the dimensions of the 

metallic strip (length and width) are the same for these two 

models. 

From the presented results, it can be noticed that the 

resonant frequencies are slightly moved apart, but the 

return loss has lower values beyond the stop band for the 

model with reduced printed-circuit inserts, compared with 

the same parameter for the model with dielectric plates 

across the entire transverse cross-section. 
 

 
(a) 

 
(b) 

 

Fig. 2. WIPL-D model of: (a) the rectangular bandstop 

waveguide filter using novel SRR, (b) the feeding structure. 

 

 

The influence of the parameters of the SRR on the 

filter response is investigated. The variation of the resonant 

frequency with the length of the metallic strip is shown in 

Fig. 4. As can be seen, the resonant frequency moves 

towards the higher values, as the length of the strip (d2) 

decreases. Further, the influence of the strip width is also 

investigated. It is noticed that the variation of the strip 

width primarily influences the bandwidth, while the 

frequency shift is practically negligible. Therefore, the 

bandwidth variation is of interest in this case and these 

results are shown in Fig. 5. 
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(a) 

 
(b) 

 

Fig. 3. Comparison of filter responses (filter with novel  

SRR and previously proposed SRR as in [10-11]): 

(a) f0 = 9 GHz, (b) f0 = 11 GHz. 
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Fig. 4. The resonant frequency variation with strip length: 

d1 = 2.5 mm, c = 0.2 mm, p = 0.9 mm, d2 varies. 
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Fig. 5. The bandwidth variation with strip width: d1 = 2.5 mm, 

d2 = 4.9 mm (f0 = 9 GHz), d2 = 3.6 mm (f0 = 11 GHz), 

p = 0.9 mm, c varies. 

 

Finally, the influence of the printed-circuit insert 

position is analyzed. Namely, the dielectric plate is moved 

up and down, related to the central position, and the filter 

responses are compared. These results are given in Fig. 6 

for the case when the plate is moved up and down for 

su = sd = 2.85 mm related to the central position. The 

obtained results show that, for the chosen length of the 

metallic strip, the resonant frequency of the bandstop filter 

can be tuned by moving the plate up and down, without 

changing the bandwidth. This conclusion is important for 

further design of the filter with chosen resonant 

frequencies. Namely, the separation of the SRRs is 

considered in order to achieve negligible coupling between 

them in case when several resonators are realized on the 

same plate. 
 

 
(a) 

 
(b) 

 

Fig. 6. The resonant frequency variation with plate 

 position: (a) f0 = 9 GHz, (b) f0 = 11 GHz. 

 

 

3. Third-order bandstop waveguide filters  
    using novel SRRs 
 

The novel SRRs are used for the design of the third-

order bandstop waveguide filters with the resonant 

frequencies of 9 GHz and 11 GHz. Filters are modelled 

using Chebyshev approximation starting from the lowpass 

prototype, then the lowpass to bandstop transformation is 

applied. Since the parallel resonant circuits are of interest, 

the inverters are implemented in the equivalent circuit and 

the L and C parameters of the resonators are determined, as 

proposed in [15]. The parameters of the SRRs, modelled in 

software WIPL-D, are tuned in order to achieve good 

agreement with the response of the equivalent circuit, in 

terms of resonant frequency and bandwidth. 
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Fig. 7. Equivalent circuit of the third-order rectangular  

bandstop waveguide filter. 

 

 

First, the third-order Chebyshev bandstop filter for 

f0 = 9 GHz is designed. Equivalent circuit is modelled using 

WIPL-D software and it is shown in Fig. 7, along with the 

values of L and C parameters. The port impedance 

corresponds to the wave impedance (ZTE) of the waveguide 

for the chosen resonant frequency. For f0 = 9 GHz, 

ZTE = 551 Ω. The “Rectangular Line” component, 

representing the waveguide section of the proper length, is 

inserted between the resonators in the equivalent circuit, in 

order to emulate the inverters in the 3D EM model. The 3D 

EM model of the filter using novel SRRs is depicted in Fig. 

8. For the WIPL-D model (Fig. 9), dielectric plates are 

moved up for su = 2.85 mm related to central position and 

the parameters of the resonators (Table 2) are tuned in 

order to obtain required resonant frequency of 9 GHz. Each 

plate is of the same size (7 mm × 4 mm). The plates are 

mutually separated by the distance of 

λg 9GHz / 4 = 12.171 mm, in order to realize quarter-wave 

immittance inverters between the resonators, for the 

corresponding resonant frequency. 
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Fig. 8. 3D EM model of the third-order rectangular  

bandstop waveguide filter using novel SRRs. 

Table 2. Dimensions of the SRRs for the third order bandstop 

waveguide filter with f0 = 9 GHz. 

 

Dimension 
d1i 

[mm] 
d2i 

[mm] 
ci 

[mm] 
pi 

[mm] 

First/third plate (i=1,3) 2.50 4.75 0.18 0.90 

Second plate (i=2) 2.50 4.75 0.16 0.90 
 

 

 
 

Fig. 9. WIPL-D model of the third-order rectangular 

 bandstop waveguide filter using novel SRRs. 
 

 

The filter responses are compared for the equivalent 

circuit and 3D EM model made in WIPL-D software, and 

relatively good agreement is achieved in terms of resonant 

frequency and bandwidth (Table 3), as can be seen in Fig. 

10. 
 
 

Table 3. Numerical results for 3D EM model and equivalent 

circuit of the bandstop waveguide filter with f0 = 9 GHz. 

 

Realization f0 [GHz] B3dB [MHz] 

3D EM model 9.062 333 

Equivalent circuit 8.995 335 
 
 

 
 

Fig. 10. Comparison of filter responses for the equivalent  

circuit and 3D EM model (f0 = 9 GHz). 

 

Next, the third-order Chebyshev bandstop filter for 

f0 = 11 GHz is designed. Following the same procedure as 

for the previous model, the equivalent circuit is realized 

and is shown in Fig. 11, along with the values of L and C 



490                                                                   S. Lj. Stefanovski, M. M. Potrebić, D. V. Tošić 

 

  

parameters. For this model, ZTE = 470 Ω. The 3D EM 

model of the filter using novel SRRs is depicted in Fig. 12. 

For the WIPL-D model (Fig. 13), dielectric plates are 

moved down for sd = 2.85 mm related to the central 

position and the parameters of the resonators (Table 4) are 

tuned in order to obtain required resonant frequency of 

11 GHz. Each plate is of the same size (7 mm × 4 mm). 

The plates are mutually separated by the 

distance of λg 11GHz/4 = 8.494 mm. 

The filter responses are compared for the equivalent 

circuit and 3D EM model made in WIPL-D software, and 

relatively good agreement is achieved in terms of resonant 

frequency and bandwidth (Table 5), as can be seen in Fig. 

14. 
 

 

Table 4. Dimensions of the SRRs for the third-order  

bandstop waveguide filter with f0 = 11 GHz. 

 

Dimension 
d1i 

[mm] 
d2i 

[mm] 
ci 

[mm] 
pi 

[mm] 

First/third plate (i=1,3) 2.50 3.53 0.40 0.90 

Second plate (i=2) 2.50 3.53 0.36 0.90 
 

 

Table 5. Numerical results for 3D EM model and equivalent 

circuit of the bandstop waveguide filter with f0 = 11 GHz. 

 

Realization f0 [GHz] B3dB [MHz] 

3D EM model 11.037 333 

Equivalent circuit 11.005 334 

 

 
Fig. 11. Equivalent circuit of the third-order rectangular 

bandstop waveguide filter. 
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Fig. 12. 3D EM model of the third-order rectangular  

bandstop waveguide filter using novel SRRs.

 
 

Fig. 13. WIPL-D model of the third-order rectangular  

bandstop waveguide filter using novel SRRs. 

 

 
 

Fig. 14. Comparison of filter responses for the equivalent 

circuit and 3D EM model (f0 = 11 GHz). 

 

 

4. Third-order dual-band bandstop waveguide  
     filter using novel SRRs 
 

Based on the novel design of the multi-band bandstop 

waveguide filter, dual-band bandstop filter is modelled. 

Namely, the third-order filters presented in the previous 

section are used for the design of the third-order dual-band 

bandstop waveguide filter. The idea is to use corresponding 

SRRs and place them at the proper positions in the 

waveguide, in order to obtain dual-band filter with resonant 

frequencies f01 = 9 GHz and f02 = 11 GHz. 

The equivalent circuit of the dual-band filter is shown 

in Fig. 15. The values of the L and C parameters are the 

same as those used in the circuits for each of the considered 

filters. In this case, the value of the port impedance is 

Z = 500 Ω. This value corresponds to the wave impedance 

(ZTE) of the waveguide with the resonant frequency of 

f0 = 10 GHz, which is the frequency between the 

considered ones (9 GHz and 11 GHz). 

The 3D EM model of the novel dual-band bandstop 

waveguide filter is depicted in Fig. 16. The SRRs are 

placed at the same positions as in each individual filter, i.e. 

the proper distances between the resonators are applied: the 

SRRs for f01 = 9 GHz are mutually separated by 
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λg 9GHz/4 = 12.171 mm, and those for f02 = 11 GHz are 

separated by λg 11GHz/4 = 8.494 mm. According to this, the 

distance between the SRRs for different resonant 

frequencies is (λg 9GHz-λg 11GHz)/4 = 3.677 mm. Next, it is 

important to emphasize that the dimensions of the SRRs 

are the same as for the described filters and are given in 

Tables 2 and 4. Related to the central position in the 

transverse planes, the SRRs for f01 = 9 GHz are moved up 

for su = 2.85 mm, and those for f02 = 11 GHz are moved 

down for sd = 2.85 mm. This is done in order to eliminate 

the mutual coupling between the SRRs placed in the same 

transverse plane. The WIPL-D model of the dual-band 

filter is shown in Fig. 17. 

 

 

 
 

Fig. 15. Equivalent circuit of the dual-band third-order rectangular bandstop waveguide filter. 
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Fig. 16. 3D EM model of the dual-band third-order rectangular bandstop waveguide filter using novel SRRs. 

 
 

     
(a)                                                                                                    (b) 

 

Fig. 17. WIPL-D model of the dual-band third-order rectangular bandstop waveguide filter using novel SRRs: 

(a) waveguide filter, (b) layout of the SRRs. 
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Table 6. Numerical results for 3D EM model and equivalent circuit of the dual-band bandstop waveguide filter. 

 

Realization 
1. stopband 2. stopband 

f0 [GHz] B3dB [MHz] f0 [GHz] B3dB [MHz] 

3D EM model 9.036 340 11.031 332 

Equivalent circuit 9.010 325 11.024 337 
 

 

The dual-band filter response is compared with that 

obtained by the equivalent circuit. This is shown in Fig. 18. 

As can be seen, the design requirements are accomplished 

in terms of the resonant frequencies and the bandwidth and 

the results are matched relatively good. Numerical results 

are given in Table 6. Also, the response of the dual-band 

filter is compared with the responses of individual single-

band filters and these results are given in Fig. 19. There is 

good agreement between the obtained responses. Thus, it 

can be concluded that dual-band filter can be independently 

tuned for each of the resonant frequencies, which is 

important for the design of multi-band filters. 

 

 

 

Fig. 18. Comparison of filter responses for the equivalent 

circuit and 3D EM model of the dual-band third-order 

bandstop waveguide filter using novel SRRs. 

 

 

 

Fig. 19. Comparison of filter responses for the dual-band  

filter and filters for each particular resonant frequency. 

 
 
 
 
 

5. Conclusion 
 

Novel SRRs are proposed for the design of the 

bandstop waveguide filters. They provide better 

performance in terms of return loss beyond the stop band, 

compared with the previously introduced structure with 

dielectric plates across the entire transverse cross-section. 

The influence of the parameters of the SRR on the filter 

response has been investigated and it is concluded that the 

length of the SRR primarily influences the resonant 

frequency, while the width mainly affects the bandwidth of 

the stop band. Also, the position of the SRR in the 

transverse plane has been analyzed and it is shown that, by 

moving the plate, the resonant frequency can be tuned, 

without changing other parameters of the SRR. Novel 

SRRs are then implemented for modelling of the third-

order waveguide filters. The required resonant frequencies 

and bandwidths are obtained, and good agreement is 

achieved between the responses of the equivalent circuit 

and 3D EM model. Finally, as an example of proposed 

design of multi-band bandstop waveguide filters, dual-band 

third-order bandstop waveguide filter is modelled by 

choosing the proper positions of the novel SRRs. The 

obtained resonant frequencies and bandwidths are matched 

relatively good with those obtained by the equivalent 

circuit. Also, the response of the dual-band filter is 

compared with the responses of the previously described 

single-band bandstop filters. Practically the same resonant 

frequencies and bandwidths have been accomplished, 

which was our targeted result. This is important conclusion, 

because the proposed filter design allows independent 

control of each band for multi-band filters. 
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