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Abstract—In this paper, a substrate integrated waveguide 
(SIW) loaded with three pairs of modified complementary 
split-ring resonators (CSRRs) is presented, in which the 
subwavelength waveguide passband can be significantly 
increased due to the appearance of new electromagnetic 
couplings between the different resonators. The obtained 
results are compared to those provided by a more classical 
topology based on CSRRs periodically etched along the 
waveguide wall, showing a significant bandwidth 
improvement, while maintaining a good matching level. 

Index Terms—resonator, substrate integrated waveguide, 
electromagnetic coupling.  

I.  INTRODUCTION 

During the last decade, microwave filters based on 
substrate integrated waveguide (SIW) technology have been 
widely studied, due to its versatility, low cost and simplicity 
of manufacture [1]-[3]. The study of these filters aims for the 
easy integration with other circuits and of waveguides for 
low radiation losses of the structures. However, the physical 
sizes of SIW circuits and components are typically larger 
than those of the microstrip or coplanar waveguide 
counterparts. In this respect, SIW lacks advantage in size for 
practical applications, especially for applications operating at 
the radio frequency (RF) or low-frequency region of 
microwave [4], [5]. 

In order to reduce the large physical size of SIW, several 
approaches have been developed over the past decade. 
Among all the reported size miniaturization methods, the 
evanescent mode propagation supported by SIW section 
loaded with metamaterials is an attractive one since it can 
realize guided wave operation below the characteristic cutoff 
frequency of the dominant mode in the conventional SIW 
[6], [7].  Resonators as Complementary Split Ring 
Resonators (CSRRs) have been used for this purpose since 
they can resonate below the cutoff frequency of the empty 
waveguide [8]-[10], which results in an attractive feature to 
obtain bandpass filters while compressing the transversal 
dimension of the waveguide. This transversal compression is 
crucial in practical applications; for example, in 
communications systems where the space to feed antenna 
arrays is limited. Therefore, to have waveguides that operate 
below the cut-off frequency is needed to reduce the levels of 
grating lobes. However, the use of CSRRs usually results in 
a very narrowband response since the frequency resonances 
of the rings are very close to each other. 

In this work, we demonstrate that modifying the rings, by 
dividing them into smaller resonators by means of the 
insertion of slots (each resonator characterized by its own 
resonant frequency), it is possible to significantly increase 
the passband of the structure if the resonant frequencies of 
the new obtained resonators are near to each other and the 
resonators are sufficiently coupled, thus achieving a new 
degree of freedom in the design of this kind of filters. 

II. SIW-CSRR FILTERS 

In this section, we describe the different structures with 
CSRRs in SIW technology that have been analyzed. 

A. SIW periodically loaded with Symmetrical CSRRs 

The first configuration was already analyzed by the 
authors in [11] and it will be the starting point for the design 
shown in the following subsection. This first SIW-CSRR 
filter was obtained by periodically etching symmetrical 
CSRRs on the top waveguide surface of a SIW, as shown in 
Fig. 1. The SIW is characterized by its width aSIW=12.4 mm 
and height b=0.63 mm. The selected substrate is Taconic RF-
10 (r=10, tan  = 0.0025), which yields a cutoff frequency 
of the initial SIW at about 4 GHz. The vias defining the 
lateral walls of the SIW have diameter dv=0.8 mm and 
separation sv=1.2 mm (see Fig. 1), which guarantees negligi- 
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Fig. 1. SIW periodically loaded with symmetrical CSRRs. (a) Unit cell. 
(b) Proposed filter. 
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ble radiation losses. A pair of identical CSRRs are adopted 
and periodically etched on the metal cover of the waveguide, 
in which the direction of the split of the outer rings are 
aligned face-to-face. The value of the geometrical parameters 
of the CSRRs in the unit cell defined in Fig. 1(a) are: l=3.92 
mm, c=0.32 mm, s= 0.54 mm, t=0.26 mm, and g=0.18 mm. 
The center frequency, bandwidth and rejection band of the 
periodic microwave filter can be easily selected by analyzing 
the dispersion diagram of the unit cell, following the 
procedure already described in [11], [12]. For this case, a 
period of lR=7.55 mm was selected, and a final optimization 
process of the parameters of the filter was performed, 
including the taper transitions, with the following 
parameters: wt =1.9 mm, lt=8 mm, wm=0.6 mm, lg=2.1 cm, 
lext=0.6 mm, lT=5.3 cm (see Fig 1(b). The simulated electrical 
response of this filter is represented in Fig. 2 with solid line, 
while the measured response of a fabricated prototype of the 
filter is represented in the same figure with dashed line, 
whose photograph is shown as a figure inset. A narrow 
passband can be observed from 2.47 to 2.7 GHz, which has 
already been observed in similar sub-wavelength filter 
topologies reported in the technical literature that employ 
resonators to produce evanescent-wave transmission. 
Additionally, this filter shows insertion losses lower than 2.0 
dB, along with a deep rejection band which extends up to 
5.06 GHz, associated to the sub-wavelength nature of this 
topology. 

B. Proposed new SIW loaded with modified CSRRs 

 The electrical response of the filter described in the 
previous subsection, as already mentioned, was clearly 
narrowband (see Fig. 2). In order to increase the passband of 
such structure without increasing its longitudinal size, we 
have divided the outer rings that constitute the CSRRs in 
smaller sections by introducing new slots, obtaining 
additional resonances in the structure. An example of it can 
be seen in the structure with three pairs of modified CSRRs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Electrical response of the SIW filter periodically loaded with 
symmetrical CSRRs represented in Fig 1(b).  

 

Fig. 3. SIW loaded with modified CSRRs, first iteration. 

 

Fig. 4. Complete structure in SIW technology of the structure of Fig. 3. 

 
shown in Fig. 3, where additional slots have been properly 
inserted in the outer rings of the CSRRs symmetrically with 
respect to the x-y plane at the center of the structure. Fig. 4 
shows the complete structure in SIW technology, whose 
taper transitions have been optimized to guarantee a good 
matching in the passband. The electrical response obtained in 
this first iteration is represented in Fig. 5, resulting in a wider 
passband, due to the higher number of resonators, and a 
higher center frequency (which has been shifted upwards 
nearly 1 GHz with respect to the one obtained in the original 
filter shown in Fig. 2), which is due to the smaller size of the 
resulting resonators, as it is explained, for instance, in [8].   
 Nevertheless, a non-desired resonance appears around 5 
GHz, associated to the smallest resonators. Thus,  a  final ite- 

 

Fig. 5. Electrical response of the structure in Fig. 4 corresponding to the 
first iteration. 
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ration has been performed by progressively moving the slots 
of the outer rings in the central CSSRs of the previous 
iteration until making the undesired resonance move into the 
passband. The configuration obtained in this final iteration is 
shown in Figs. 6 and 7, respectively, where the positions of 
the slots defining the different resonators have been included 
in Fig. 6 (all units are in mm), while the parameters of the 
taper transitions for achieving a good matching after the 
optimization process are wt =4.6 mm, lt=5 mm, and the rest 
of parameters are the same as in the previous subsection. 
 Fig. 8 shows the frequency response of this final 
configuration, which has been substantially improved, with a 
final bandwidth of more than 1GHz, which is 5 times greater 
than that obtained in the original filter, along with a very 
good matching (return losses higher than 21 dB) and very 
low insertion losses (lower than 1 dB in the passband). 
 

 

Fig. 6. SIW loaded with modified CSRRs, final iteration. 

 

Fig. 7. Complete structure in SIW technology of the structure of Fig. 6. 
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Fig. 8. Electrical response of the structure in Fig. 7 corresponding to the 
final iteration. 

 

III. EXPERIMENTAL RESULTS 

In this section, we show the measured response of the 
filter prototype, which has been fabricated for validation 
purposes. Fig. 9 shows a photograph of the fabricated filter. 
 In Fig. 10, the measured electrical response of the filter 
has been represented along with the simulation results, 
showing a very good agreement. 
 

IV. CONCLUSION 

In this paper, a previously designed SIW-CSSRs filter 
has been modified and analyzed in order to improve its 
bandwidth. It has been shown that including new slots in the 
outer rings of the CSRRs for creating new resonances, and 
modifying appropriately their positions, it is possible to 
substantially increase the passband of the filter without 
increasing its longitudinal size. In particular, a five times 
improvement in bandwidth has been finally achieved, with a 
very good matching and very low insertion losses. A 
prototype of this new wideband filter has been fabricated and 
measured, and the simulations and measurements show a 
very good agreement, thus validating the proposed design. 
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Fig. 10. Electrical response of the fabricated filter. 
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