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Abstract—This paper presents a systematic investigation of 

quarter-mode filters in substrate integrated waveguide (SIW) 

technology. This class of filters is particularly convenient because 

it combines the features of SIW structures with the improvement 

of a size reduction. After a thorough analysis of the quarter-mode 

SIW cavity, the paper presents different coupling mechanisms 

and feeding techniques for the design of quarter-mode SIW 

filters: side coupling and corner coupling are considered, 

highlighting advantages and disadvantages of the two techniques. 

Novel filter topologies are introduced, with the design and 

experimental verification of simple filters and their extension to 

higher-order filter structures. Techniques to introduce 

transmission zeros are described and demonstrated. Moreover, 

the combination of quarter-mode SIW cavities and coplanar-

waveguide resonators leads to increasing the filter order higher-

order and allows for the implementation of quasi-elliptic filters.  
 

Index Terms—Filter, quarter-mode cavity, resonant cavity, 

substrate integrated waveguide (SIW). 

I. INTRODUCTION 

HE RECENT DEVELOPMENT of a large variety of 

applications in the microwave and mm-wave frequency 

range poses several technological requirements for the next 

generation of wireless systems. These emerging applications 

demand for a new class of microwave circuits, which are cost-

effective, compact, easy to fabricate, and suitable for system 

integration.  

Among the available technologies for the implementation 

and integration of microwave components, the substrate 

integrated waveguide (SIW) [1] appears to be one of the best 

candidates to meet all these technological requirements. The 

SIW is a waveguide-like structure integrated in planar form 

[2], which preserve the best features of the classical 

rectangular waveguide, including low losses, practically 

complete electromagnetic shielding, and self-packaging. The 

SIW can be manufactured in a reliable and cost-effective way 

by adopting standard printed-circuit board technology, 

typically used for microstrip line components.  

One of the few drawbacks of SIW technology is related to 

the footprint of SIW components, which is generally larger 

than in the microstrip line counterparts. In fact, the width of 
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SIW structures depends on the operation frequency, which 

usually falls in the single-mode frequency band of the 

waveguide. Several solutions have been proposed to reduce 

the footprint of SIW structures, including the substrate 

integrated folded waveguide [3] and the half-mode substrate 

integrated waveguide [4]. These two topologies allow for 

reducing of a factor two the width of the SIW.  

In particular, SIW filters suffer from the same shortcoming: 

for instance, in SIW cavity filters the size of each cavity is 

approximately half wavelength times half wavelength [5]. 

Also in the case of SIW filters, several methods have been 

proposed to reduce the footprint, based on folded topologies 

[6,7] and  half-mode configurations [8,9]. Moreover, quarter-

mode cavities are receiving increasing attention for the design 

of SIW filters [10–19]. Quarter-mode SIW filters were first 

proposed and demonstrated in [10] by using a geometric 

configuration allowing for filters up to the 4th order. A two-

pole band-pass filter with transmission zeros due to source-

load cross-coupling was introduced in [11]. Different quarter-

mode SIW filter topologies were subsequently presented in 

[13,15,16]. Reconfigurable filters were introduced in [12,19], 

and quarter-mode SIW filters combined with defected ground 

structures were proposed in [14,17,18]. 

This paper presents a systematic investigation of quarter-

mode SIW filters, to enable their full exploitation in the design 

of single-layer band-pass filters with high selectivity and small 

footprint. New configurations and topologies are here 

proposed, some of them allowing for an arbitrary filter order. 

Sec. II reports a thorough analysis of the basic characteristics 

of quarter-mode SIW cavities and the comparison with 

standard SIW cavities. Subsequently, the different coupling 

mechanisms and feeding techniques are investigated in details, 

to show the possibility of weak or strong coupling between the 

SIW cavities and, consequently, the ability to design filters 

with narrow or large relative bandwidth: side coupling is 

presented in Sec. III, and corner coupling is illustrated in 

Sec. IV. The design of novel filter topologies with different 

complexity (e.g., various order, presence of transmission 

zeros) is presented in Sec. V. In all sections, the experimental 

verification of the most significant filters is reported.  

II. THE QUARTER-MODE SIW CAVITY 

The quarter-mode SIW cavity is obtained by cutting the 

standard SIW cavity along the symmetry planes and removing 

the top metal wall and the metal vias of three quarters of the 

structure (Fig. 1). Consequently, only one quarter of the 

structure is retained and the size is reduced of 75% compared 
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Fig. 1.  Amplitude of the electric modal field of the fundamental TM110 mode 

of the SIW cavity, in the remaining quarter cavity obtained after cutting along 

the symmetry planes. 

 

to the standard SIW cavity. Due to the low aspect ratio of the 

SIW, the open sides behave approximately as magnetic walls: 

therefore, the modes of the original cavity that satisfy the 

magnetic wall condition along the symmetry planes are 

unaffected, whereas the other modes are not supported by the 

quarter-mode SIW cavity. 

More specifically, the quarter-mode SIW cavity only 

supports TM-to-z modes and, due to the similarity with the 

standard rectangular cavity with solid metal walls, the 

supported modes are denoted as TMmnp, where the modal 

indices m, n, and p refer to the x, y, and z axes, respectively 

(Fig. 1). As there is no field variation along the z direction [1], 

p=0 for all cavity modes. The fundamental mode of the 

quarter-mode SIW cavity is the TM110 mode, whose electric 

modal field is shown in Fig. 1. Due to the presence of the 

magnetic walls at the open sides, the higher order modes are 

TMmn0, with odd values of m and n. The direct effect of this 

phenomenon is a larger frequency separation between the 

resonance frequency f0 of the fundamental mode and the one 

of the second mode. In fact, in a square standard SIW cavity 

the second mode (TM120 or TM210) resonates at 1.58 f0, 

whereas in a square quarter-mode SIW cavity the second 

mode (TM130 or TM310) resonates at 2.24 f0. The frequency 

separation between the first and second mode with the quarter-

mode SIW cavity shown in Fig. 1 is larger than the one 

achieved in [15] with a different segmentation of the SIW 

cavity. 

The quality factors of the quarter-mode SIW cavity modes 

are related to dielectric and conductor loss (as in the standard 

SIW cavity), and to the additional loss due to radiation leakage 

(which is typically negligible in standard SIW cavities). For a 

quantitative comparison between standard and quarter-mode 

 
TABLE I  COMPARISON OF QUALITY FACTORS OF STANDARD SIW CAVITY 

AND QUARTER-MODE SIW CAVITY. 
 

 
Standard  

SIW cavity 

Quarter-mode 

SIW cavity 

Qd 556 587 

Qc 466 423 

Qrad --- 390 

Qtot 254 151 

 
(a) 

 
(b) 

 
(c) 

Fig. 2.  Quarter mode SIW cavity (dimensions in mm: A=B=14.6, c=11.6, 

s=2.65, d=1.5, w=1.2): (a) drawing of the structure; (b) photograph of the 

prototype; (c) simulated and measured |S11| parameter. 

 

SIW cavities, a specific structure is investigated by a full-

wave simulation based on the eigensolver of Ansys HFSS. 

The dimensions of the SIW cavity have been selected to have 

the fundamental TM110 mode resonance at approximately 

4 GHz, considering a dielectric substrate with r=3.5, 

tan =0.0018, and thickness t=0.508 mm. The resulting 

dimensions are W=29.15 mm, d=1.5 mm, and s=2.65 mm 

(Fig. 1). The different contributions to the total quality factor 

Qtot of the fundamental mode of the two cavities have been 

computed separately by using Ansys HFSS: Tab. I reports the 

quality factor Qd due to dielectric loss, Qc due to conductor 

loss, and Qrad due to radiation loss, together with the total 

quality factor Qtot. The quality factor Qd can be estimated by 

analogy with the standard rectangular cavity, as Qd=1/tan  

[20] resulting in this case Qd=556. The quarter-mode SIW 

cavity exhibits a value Qd slightly larger than the standard 

SIW cavity, due to the fringing fields in the air at the open  
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(a) 

 
(b) 

Fig. 3.  Quarter-mode SIW filter with side coupling: (a) two separated quarter-

mode SIW cavities (the dark gray area denotes the coupling region); 

(b) schematic of a two-cavity filter with side coupling. 

 

sides. Also the quality factor Qc can be estimated by analogy 

with the standard rectangular cavity [20], resulting in this case 

Qc=466. The quality factor Qc is slightly smaller in the 

quarter-mode cavity, due to extra loss of the current flowing 

near the sharp edge at the open sides. Differently from other 

compact cavities (e.g., ridge cavities), the contribution of 

conductor loss practically does not increase in the case of the 

quarter-mode SIW in spite of the significant size reduction. 

Furthermore, while the standard SIW cavity has negligible 

radiation loss, the quarter-mode cavity exhibits a loss due to 

radiation comparable to conductor loss (Qrad ≈ Qc). Qrad  needs 

to be computed numerically, as nor specific formulas or 

analogy with the standard rectangular cavity are available. 

To experimentally verify the performance of quarter-mode 

SIW cavities, a prototype has been designed and fabricated 

(Fig. 2). The dimensions are derived from the previous 

theoretical investigation and are reported in the caption of 

Fig. 2. The position of the 50  microstrip feed line has been 

selected for optimal input matching: due to the field 

distribution, the impedance seen at the feed point is maximum 

at the open corner (c=0) and vanishes near the metal vias 

(c=B). A prototype has been manufactured by CNC milling 

machining and the vias have been metalized by using 

conductive paste (Fig. 2b). The Anritsu Universal Test 

Fixtures (UTF) 3680 and the Anritsu 37347C vector network 

analyzer (VNA) have been used for the measurements, and the 

comparison between HFSS simulations and measurements is 

shown in Fig. 2c. The experimental results confirm the large 

frequency separation between fundamental mode and second 

mode, which resonate at 4 GHz and 9 GHz, respectively.  

III. DOUBLETS WITH SIDE COUPLING 

The first coupling mechanism investigated in this work is 

the side coupling. It is obtained starting from the structure of 

Fig. 3a, consisting of two uncoupled quarter-mode resonators  

 

 
(a) 

 

(b) 

 

(c) 

Fig. 4.  Investigation of the lateral shift in quarter-mode SIW filter with side 

coupling: (a) geometry of the filter; (b) frequency response of a narrow band 

filter (dimensions in mm: A=14.0; B=13.0, x=6.5, z=9.5, d=2.0, s=3.66, 

w=1.2, c=0.5); (c) frequency response of a wide band filter (dimensions in 

mm: A=14.0; B=13.0, x=14.3, z=0, d=2.0, s=3.66, w=1.2, c=0.5). 

 

sharing a post wall, and then removing some posts to create an 

aperture, as shown in Fig. 3b. 

Two possible techniques are here considered to modify the 

coupling between resonators in side-coupled quarter-mode 

SIW cavities. The first technique, illustrated in Fig. 4a shows 

a doublet with side coupled resonators, where the desired 

coupling is achieved by laterally shifting the resonators of a 

quantity x, thus resulting in a change of the aperture size. In 

addition, the desired coupling between resonator and 

microstrip feeding line is obtained by shifting the microstrip 

line along the open side of the resonator, from the point with 

maximum electric field (z=0) to the one where the electric 

field vanishes (z=B). 
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(a) 

 

(b) 

Fig. 5.  Investigation of the cavity separation in quarter-mode SIW filter with 

side coupling (dimensions in mm: A=12.9, B=13.7, y=2.7, a=4.5, b=0.6, 

s=3.3, d=2.0, w=1.2): (a) geometry of the filter; (b) frequency response of the 

filter. 

 
Two second-order band-pass filters centered at the 

frequency of 4 GHz have been designed by using this coupling 

topology: a narrow-band filter with fractional bandwidth 

FBW=1.7% is shown in Fig. 4b and a wide-band filter with 

FBW=17% is shown in Fig. 4c, thus demonstrating the high 

flexibility of the structure in terms of pass-band. In both cases, 

the substrate has a thickness of 0.508 mm, dielectric 

permittivity r=3.5 and loss tangent tan=0.0018.  

The second technique to control the side coupling is shown 

in Fig. 5a. In this case, the desired coupling is obtained by 

modifying the spacing y between the cavities. Moreover, 

Fig. 5a also shows a different technique for the control of the 

coupling between resonator and feeding line: instead of 

shifting the microstrip line along the open side of the 

resonator, a taper is adopted in this case, being the line 

connected to the point with maximum electric field. A filter 

based on this doublet configuration was designed to show the 

effectiveness of the proposed topology: Fig. 5b shows the 

frequency response of the filter. The same substrate of the 

previous examples was adopted. 

The main difference between the structure of Fig.4a and the 

one of Fig. 5a is related to the achievable bandwidth: the first 

one allows designing filters with bandwidth ranging from 

narrow to wide, whereas with the second one the achievable  
 

 

(a) 

 
(b) 

Fig. 6.  Coupling coefficient in quarter-mode SIW cavities with side coupling: 

(a) internal coupling versus lateral shift and cavity separation; (b) external 

coupling versus feed line taper and position. 

 
bandwidth variation is more limited. This feature is related to 

the range of variation of the coupling coefficients. The doublet 

with lateral shift in Fig. 4a is able to cover wider coupling 

ranges, both for the case of coupling between resonators and 

coupling between resonator and feeding line. Fig. 6a shows 

the variation of the coupling coefficient between resonators in 

the case of lateral shift versus the amount of shift x normalized 

to the cavity size B (lower horizontal axis). The coupling is 

practically null for x=0: in this case, the structure can be seen 

as a waveguide, where the side wall boundary condition is 

electric wall on one side and magnetic wall on the other side. 

The left part and the right part of the structure exhibit opposite 

side wall condition, and for this reason the coupling is low. 

When x=2 B, the two resonators are physically separated, and 

the coupling suddenly drops to zero. The maximum appears 

around x=1.5 B, where the opposite side walls are far enough, 

but the two resonators share a large portion of the open side. 

As a comparison, Fig. 6a also shows the variation of the 

coupling coefficient between resonators in the case of cavity 

separation versus the distance y/B (upper horizontal axis): it is 

evident how the possibility to control the coupling coefficient 

is limited in this case.  
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(a) 

 
(b) 

 

(c) 

Fig. 7.  Side-coupled two-pole filter in quarter-mode SIW technology 

(dimensions in the caption of Fig. 5): (a) photograph of the prototype; 

(b) simulated and measured scattering parameters; (c) plot of the amplitude of 

the electric field at the frequency of 4 GHz. 

 
Coupling coefficients of Fig. 6a are calculated from the first 

two resonances (f1 and f2) of the structure composed by the two 

coupled resonators by using the formula [21] [22]: 

2
1

2
2

2
1

2
2

ff

ff
K




  

Similarly, Fig. 6b shows the coupling between the resonator 

and the input microstrip line, versus the lateral shift z 

normalized to the cavity size B, in the case of Fig. 4a (lower 

horizontal axis), and versus the feed line taper b normalized to 

the line width w, in the case of Fig. 5a (upper horizontal axis).  

 

(a) 

 

(b) 

Fig. 8.  Quarter-mode SIW filter with corner coupling: (a) two separated 

quarter-mode SIW cavities (the dark gray area denotes the coupling region); 

(b) schematic of the two-cavity filter with corner coupling. 

 
Couplings to feeding lines have been here extracted from full-

wave responses by exploiting the equivalent circuit. In the 

case of Fig. 4a, the coupling is maximized if the feed line is 

connected to the point with the most intense electric field 

(z=0) and minimized when it is shifted towards the metal vias 

(z=B). Conversely, when using the taper in Fig. 5a, the 

variation of the coupling is more limited. The results of Fig. 6 

can also be used to design filter of various order. Of course all 

parameters can also be used at the same time, resulting in a 

structure where the coupling coefficient between feeding line 

and resonator is determined by the value of z and b while the 

coupling between resonators is determined by x and y. 

A filter centered at 4 GHz with FBW=12% was 

manufactured to experimentally verify the results presented in 

this section. Fig. 7a shows the photo of the manufactured 

prototype, which is based on the design of Fig. 5. As in the 

case of the quarter SIW cavity, the structure was fabricated by 

CNC milling machining and the posts are filled with 

conductive paste. In Fig. 7b, the measured scattering 

parameters are compared with simulations, showing a good 

agreement both for the in-band and out-of-band frequency 

response, as well as for the transmission loss: the simulated 

transmission loss is 0.60 dB while the measured one is 

0.91 dB. To clearly show the quarter-mode nature of this 

structure, the amplitude of the electric field at the central 

frequency of 4 GHz is illustrated in Fig. 7c, showing the 

maximum intensity in the corner of the cavity, near the feed 

point. 

The footprint of this filter is 28.53x36.88 mm2. In order to 

carry out a comparison between different circuits, the footprint 

of the device is intended without feeding lines and transitions, 

and it only concerns the area of the resonant cavities.  
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(a) 

 
(b)   

 
(c) 

Fig. 9.  Investigation of the quarter-mode SIW filter with corner coupling: 

(a) geometry of the filter; (b) frequency response of a narrow band filter 

(dimensions in mm: A=15.5, B=15.5, z=10.43, a=5.46, b=7.8, d=2, w=1.2, 

c=0.5); (c) frequency response of a wide band filter (dimensions in mm: 

A=14, B=14, z=0, a=5.46, b=17, d=2, w=1.2, c=0.5). 

 

IV. DOUBLETS WITH CORNER COUPLING 

Another possible mechanism to couple quarter-mode SIW 

resonators is through their corners. As shown in Fig. 8, the 

idea is to remove the corner posts and then to partially overlap 

the two resonators, thus creating an aperture connecting them 

(Fig. 8b). In the proximity of the corner the electromagnetic 

field is weak and the corner removal produces a negligible 

change in resonant frequency, while the overlapping allows 

for more compact structures (the area can be reduced up to  
  

 
 

Fig. 10.  Coupling coefficient in quarter-mode SIW cavities with corner 

coupling: internal coupling versus aperture of the iris window. 

 
approximately 40%). Increasing the overlap allows for larger 

apertures, which result in wider band filters. Furthermore, the 

higher the overlapping the smaller the structure footprint. 

Once the distance between the two cavities has been fixed 

(determining the overlap area and the maximum aperture size), 

the coupling in corner-coupled quarter-mode SIW cavities can 

be changed by varying the distance b between the two central 

post, which determines the actual aperture size (Fig. 9a). In 

this structure, input and output couplings are controlled by 

shifting the feeding lines (as in the structure of Fig. 4a). The 

response of a narrow-band band-pass filter (FBW = 2.6%) and 

a wide-band band-pass filter (FBW = 16%) based on this 

circuit topology are shown in Figs. 9b and 9c, respectively, 

thus demonstrating the high flexibility of this structure in term 

of pass-band width. 

Fig. 10 shows the coupling between resonators as a function 

of the distance b between central posts, normalized to the 

cavity size B. The maximum achievable coupling is slightly 

smaller than the one obtained by the structure of Fig. 4a and 

shown in Fig. 6a. Concerning the coupling between resonator 

and feeding line, the coupling mechanism is identical to the 

one adopted in the previous example, whose results are shown 

in Fig. 6b. This is the reason why the maximum achievable 

pass-band is similar in the two structures. In fact, in both 

structures the bottleneck limiting the bandwidth is represented 

by the maximum achievable coupling between resonator and 

feeding line.  

Finally, a two-pole filter prototype based on corner-coupled 

quarter-mode cavities has been designed and manufactured. 

The center frequency is 4 GHz and the FBW is 13%. The 

structure of the filter and a photograph of the prototype are 

shown in Fig. 11a and Fig. 11b, respectively. The simulated 

and measured frequency responses are compared in Fig. 11c, 

showing a very good agreement both in the in-band and out-

of-band regions. The measured insertion loss at 4 GHz is 

0.8 dB. This filter topology leads to a size reduction compared 

with the previous structure, with a footprint of 

26.59x24.79 mm2. 
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(a) 

 

(b) 

 

(c) 

Fig. 11.  Corner-coupled two-pole filter in quarter-mode SIW technology 

(dimensions in mm: A=13.9, a=5.6, b=14.4, s=2.9, d=1.5, w=1.2): (a) drawing 

of the structure; (b) photograph of the prototype; (c) simulated and measured 

scattering parameters. 
 

V. HIGHER-ORDER QUARTER MODE SIW FILTERS 

A simple way to obtain N-th order quarter-mode SIW filters 

consists in cascading N side-coupled resonators, as shown in 

Fig. 12, where the case of a fourth-order filter is considered. In 

particular, the filter scheme with relevant parameters is shown 

in Fig. 12a, while the photograph of the prototype is shown in 

Fig. 12b (before the metallization of the posts). Note that, on 

the contrary of the geometry proposed in [10] and [11], this 

configuration allows filters of any order. To better recognize 

each cavity, some white circles have been added to the photo 

to indicate the layout of the quarter-mode cavities before 

removing some posts for proper coupling.  
 

 

(a) 

 

(b) 

 

(c) 

Fig. 12.  Side-coupled four-pole filter in quarter-mode SIW technology 

(dimensions in mm: A1=15.7, A2=9.9, A3=3.6, A4=12.5, B1=13.85, B2=2.65, 

B3=11.5, a=10.1, c=0.5, z=3.6, D=2, s=3, d=1.5, w=1.2): (a) drawing of the 

structure; (b) photograph of the prototype; (c) simulated and measured 

scattering parameters. 

 

The four-pole filter was designed at 4 GHz and with FBW 

of 16%. In Fig. 12c simulation and measurement are plotted, 

showing a very good agreement. The measured insertion loss 

is 1.37 dB at the frequency of 4 GHz. This leads to a measured 

quality factor Q=90. The topology of the filter is shown in 

Fig. 13a, and the corresponding coupling matrix is reported in 

Fig. 13b. Note that also coupling between resonators 1 and 3 

(as well as between 2 and 4) have been taken into account. 
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(a) 

 
(b) 

Fig. 13.  Equivalent circuit model of the side-coupled four-pole filter in 

quarter-mode SIW technology: (a) filter topology; (b) coupling matrix. 

 
Those additional couplings are due to the direct connection 

between resonators 1 and 3 (2 and 4) due to the field coupling 

outside the aperture a in Fig. 12a. These additional couplings 

allow for transmission zeros. Actually, the first version of the 

filter has been designed without taking into account the cross-

couplings. Cross-couplings have then been added to the first 

filter version by increasing the values of A3 and B2 (Fig. 12a). 

This change slightly modified the in-band behavior, requiring 

a small re-optimization of the filter. Cross-coupling values 

have been finally extracted from the full-wave response. The 

coupling matrix in Fig. 13b has been computed by considering 

a quality factor Q=151, derived in Sec. II, Table I. The 

frequency response obtained from the coupling matrix is also 

reported in Fig. 12c. Coupling matrix parameters represent the 

normalized version of the coupling coefficients in Fig. 6 and 

Fig. 10 in terms of fractional bandwidth [21][22]. 

Quarter-mode cavities can be also combined in a different 

fashion, including the mixture with different resonators. 

Fig. 14 shows an example, where a coplanar resonator is used 

together with a pair of corner-coupled quarter-mode cavities, 

to obtain a three-pole filter. The geometry of the filter is 

shown in Fig. 14a, while the photograph of the prototype is 

reported in Fig. 14b. The coplanar resonator consists of two 

identical slots, symmetrically placed at the top of the SIW. 

A three-pole filter was designed, centered at 4 GHz with 

FBW=16%. The simulated and measured frequency response 

is shown in Fig. 14c. The measured insertion loss is 1.02 dB at 

4 GHz. The footprint of the resulting manufactured filter is 

31.39x22.06 mm2, larger than the two-pole filter shown in 

Fig. 11. This size increase is due to the fact that the two 

cavities are placed at higher distance to obtain enough room 

for housing the coplanar resonator. However, a reduction of 

about 30% with respect to the prototype of Fig. 7 is obtained 

and this is a good result, especially considering that this is a 3-

pole filter.  

The topology of the three-pole filter is shown in Fig. 15a, 

where resonators 1 and 3 (representing the two quarter mode 

cavities) are connected through the aperture obtained 

removing the corner posts and through the resonator 

2(representing the coplanar). This topology allows for a 

transmission zero that, according to the sign of the coupling, is 
  

 
(a) 

 
(b) 

 
(c) 

Fig. 14.  Corner-coupled three-pole filter in quarter-mode SIW technology 

with additional coplanar resonator (dimensions in mm: A=15.6, a=8.5, b=9.7, 

a1=3.87, b1=0.74, L=24.1, g=0.25, v=0.6, s=2.1, d=1.5, w=1.2): (a) drawing of 

the structure; (b) photograph of the prototype; (c) simulated and measured 

scattering parameters. 

 

place in the upper stop-band. This zero can be placed very 

close to the filter band resulting in a high selectivity in the 

upper cutoff of the filter band. Similarly to the previous 

structure, the coupling matrix in Fig. 15b has been computed 

by considering a quality factor Q=151. The frequency 

response obtained from the coupling matrix is shown in 

Fig. 14c. 

In this case, unlike the structure of Fig. 9a, the input 

coupling mechanism is the same as in Fig. 7, where tapered 

feeding lines are connected to the open corner of the quarter 

mode resonators. This feeding mechanism preserves the 

symmetry of the structure, avoiding the undesired coupling of 

spurious coplanar modes. The desired coupling between the 

quarter mode cavities and the coplanar resonator is obtained 
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(a) 

 

(b) 

Fig. 15.  Equivalent circuit model of the corner-coupled three-pole filter in 

quarter-mode SIW technology: (a) filter topology; (b) coupling matrix. 

 
by properly selecting the distance between the slots and/or the 

slot width. The transmission zeros are mainly controlled by 

the coupling between the two quarter-mode resonators. 

Conversely, the resonance frequency of the coplanar line 

depends on the slot length. According to the coupling matrix 

of Fig. 15b, the resonance frequency of the coplanar resonator 

is higher than that of the quarter-mode cavities.  

VI. CONCLUSION 

This paper has presented a systematic investigation of SIW 

filters based on quarter-mode cavity resonators. This class of 

filters exhibit reduced size compared to classical SIW cavity 

filters, while preserving most of the advantages of SIW 

structures. A comparison of the different SIW filter topologies 

is reported in Table II.  

Some new configurations and topologies have been 

proposed, and different coupling mechanisms between 

quarter-mode cavities and between input line and cavity have 

been described. The feasibility of the proposed approaches is 

demonstrated through several designs and manufactured 

prototypes. 

These filters demonstrate a large design flexibility, compact 

size, possibility of introducing transmission zeros, as well as 

the option to combine SIW cavities with coplanar-line 

resonators. They represent a valuable solution when the size of 

the SIW is an issue, especially at relatively low operation 

frequency. 
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