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Bandpass Filters Based SIW Square Cavity with Novel Feeding
and Coupling Schemes
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Abstract—This paper presents two novel different feeding and coupling schemes to solve the problem
of generating transmission zeros (TZ) in lower stopband and their applications to design single-band
filters. The designed two filters are based on substrate integrated waveguide (SIW) square cavity with
orthogonal ports. In the design of Filter A, two L-shaped stubs are introduced to form an addition
coupling path between two ports, which cause the generation of one TZ. Other two TZs are formed
due to the resonance characteristics of L-shaped stubs and ports offset. Two metal vias are used to
adjust center frequency slightly. In the design of Filter B, other two stubs are designed to form two
additional coupling paths, thus forming a total of three coupling paths with the original path. Two
TZs are obtained by utilizing the phase difference between different paths, and one TZ is generated
for the resonance characteristics of the proposed stub 3. Simultaneously, an L-shaped slot is used to
adjust center frequency. Both designed filters use the coplanar waveguide (CPW) structure to control
bandwidth. Two filters are set to operate at 14.4 GHz with bandwidth of 800 MHz. Both filters are
fabricated and measured. The simulation results of two filters are in good agreement with the measured
ones.

1. INTRODUCTION

With the rapid development of modern wireless communication technology, increasing attention is paid
for the devices operating in the microwave band [1]. As one of the significant radio frequency (RF)
devices, microwave bandpass filters are widely researched in recent years. However, traditional metal
waveguide filter is hardly integrated due to its large size. And microstrip filters have the disadvantage
of high loss, which is further amplified at high frequency. So, the appearance of substrate integrated
waveguide (SIW) greatly promotes the development of microwave filters. SIW combines advantages of
metal waveguide and planar microstrip line, having been studied by scholars [2–5]. In [6], a bandpass
filter with adjustable passbands is presented on SIW square resonant cavity. Multiple higher-order
modes are utilized to generate passband, but the filter owns poor out-of-rejection due to the lack of
transmission zeros (TZs). In [7], a bandpass filter with wide-stopband is reported. The wide-stopband
performance is realized by the suppression of TE102 mode. However, the filter considers only the TZ
of upper stopband, not the lower stopband. The filter in [8] uses mixed quarter- and one-eighth modes
to realize the miniaturization of structure, but it is similar to the filter in [7], not considering the TZ
in lower stopband. In [9, 10], a complementary spilt ring resonator (CSRR) is used to design filters.
In [9], although the introduction of CSRR widens bandwidth of the filter, it also increases the additional
loss due to electromagnetic leakage. The filter in [10] ignores out-of-band performance, and its size is
too large. In [11], electromagnetic bandgap structure (EBG), dual split ring resonator (DSRR), and
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half-mode SIW technology are used to design filter, but these technologies do not improve the filter
performance too much and make insertion loss poor. In [12], a miniaturized SIW filter is proposed.
The miniaturization is obtained by half-mode principle and slow-wave technique. However, the filter
has disadvantages of complex structure and bad out-of-rejection. A wide-stopband bandpass filter is
reported in [13]. The wide-stopband performance is achieved by realizing the expected coupling of
TE101 and TE102 modes of the cavity, but the out-of-band rejection of the low frequency is poor. A
single-band bandpass filter using a single perturbed SIW circular cavity [14] is designed. Although it
can realize the desired center frequency and bandwidth of passband by adjusting the metallic vias and
slot perturbations, the filtering is poor due to the lack of TZs. In general, although SIW filters have
been widely researched recently, not all the performance parameters are considered comprehensively.
Besides, the research of transmission zero is mainly focused on microstrip filter [15–17]. For example,
the TZ in lower stopband is rarely specially considered, which causes poor out-of-band rejection [18].
Therefore, it is necessary to design bandpass filters with TZs in lower stopband.

This article presents modified feeding and coupling schemes to generate TZs and their applications
to design single-band filters. Two bandpass filters (Filter A and Filter B) with TZs on both sides are
proposed. In the design of Filter A, the TZ in the upper stopband is generated by the orthogonal ports’
offset, and the TZ in the low stopband is generated by another coupling path formed by an L-shaped
stub. In the design of Filter B, two additional coupling paths are formed, which promotes the generation
of TZs. Both filters are designed on Rogers RT/duriod 5880 substrate.

2. ANALYSIS AND DESIGN OF BANDPASS FILTERS

Three SIW square resonators with different feeding schemes are presented in Fig. 1. Fig. 1(a) depicts
a SIW square resonator with orthogonal ports. The orthogonal ports excite the fundamental mode
TE101, but the excitation is not enough to form a passband, which is verified in Fig. 2(a). Therefore,
in order to form a passband, the coplanar waveguide structure (CPW) is introduced to SIW square
cavity in Fig. 1(b). The combination of resonant frequency of the CPW structure and that of TE101
mode promotes the formation of the passband, which is verified in Fig. 2(b). Meanwhile, the modified
orthogonal ports are presented in Fig. 1(c), which is off the center line. In the case of this offset, the
coupling between CPW structures is affected with the decrease of distance between CPW structures.
The direction of electric field has been changed, which leads to the formation of one TZ as shown in
Fig. 2(c).
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Figure 1. (a) The SIW square resonator with orthogonal ports. (b) The SIW square resonator with
CPW structure and orthogonal ports. (c) The SIW square resonator with CPW structure and shifted
orthogonal ports.
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Figure 2. (a) S-parameters of the SIW square resonator with orthogonal ports. (b) S-parameters of
the SIW square resonator with CPW structure and orthogonal ports. (c) S-parameters the SIW square
resonator with CPW structure and shifted orthogonal ports.

2.1. The Design and Analysis of Filter A

Figure 3 illustrates the structure of proposed Filter A. Based on the structure in Fig. 1(c), two metal
vias and two L-shaped stubs are introduced in Filter A. As perturbation elements, two metal vias are
used to perturb electric field in SIW cavity, so as to adjust center frequency sightly. Simultaneously,
an additional coupling path is created by loading two L-shaped stubs. The coupling scheme between
two ports is shown in Fig. 4. There are two coupling paths between two ports. Path 1 is: Port 1→SIW
cavity→Port 2. Path 2 is: Port 1→L-shaped 1→SIW cavity→L-shaped 2→Port 2. Fig. 5 depicts the
comparison of S-parameters with and without L-shaped stubs. It can be found that three TZs are
generated. Two TZs (TZ 1, TZ 2) are located in the lower stopband, and one TZ (TZ 3) is located in
the upper stopband. TZ 1 is generated due to the resonance characteristics of L-shaped stubs. TZ 2
is generated by the phase difference between path 1 and path 2. TZ 3 is generated due to the offset
of orthogonal ports. Therefore, the positions of TZ 1 and TZ 2 can be controlled by adjusting the
dimensions of L-shaped stubs.
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Figure 3. The structure diagram of proposed Filter A (d = 0.6 mm, p = 1.1 mm, c1 = 0.4 mm,
c2 = 1.8 mm, w50 = 1.2 mm, z1 = 0.2 mm, z2 = 1.6 mm, z3 = 0.3 mm, z4 = 1.6 mm, o1 = 4 mm,
o2 = 4mm, o3 = 4 mm, o4 = 4 mm).

As depicted in Fig. 6, with the width of z2 increasing from 1.1 mm to 1.5 mm, the location of TZ 2
is shifted towards high frequency, close to the passband, and the location of TZ 3 is hardly changed at
all. That is because TZ 3 is generated due to the offset of orthogonal ports, independent of the L-shaped
stubs. Simultaneously, as shown in Fig. 7, the locations of TZ 1 and TZ 2 can be adjusted by the width
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Figure 4. The coupling scheme between two
ports in the Filter A.
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Figure 5. The S21 parameter of SIW cavity with
and without L-shaped stubs.
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Figure 6. The S parameter with different width
of z2.
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Figure 7. The S parameter with different width
of z3.
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Figure 8. The bandwidths and center frequencies
at different values of c1 when c2 is set to 1.8 mm.
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Figure 9. The bandwidths and center frequencies
at different values of c2 when c1 is set to 0.4 mm.

of z3. TZ 1 and TZ 2 are closer to the passband as z3 decreases from 0.4 mm to 0.2 mm. Therefore, the
locations of TZ 1 and TZ 2 can be controlled by the reasonable specifications of L-shaped stubs.

On the other hand, bandwidth can be controlled flexibly by the CPW structure. In Fig. 8, as the
width of c1 increases from 0.1 mm to 0.5 mm when c2 is set to 1.8 mm, bandwidth increases gradually,
while center frequency is almost stable. As the length of c2 increases from 1.0 mm to 1.8 mm when
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c1 is set to 0.4 mm, bandwidth also increases, and center is almost unchanged, which is depicted in
Fig. 9. Therefore, Filter A has the ability to adjust bandwidth flexibly, and it can be applied to more
applications.

2.2. The Design and Analysis of Filter B

Based on the SIW cavity in Fig. 1(b), Filter B is designed in Fig. 10. Similar to Filter A, the CPW
structure is mainly used to generate passband and adjust bandwidth in the design of Filter B. In addition,
an L-shaped slot is introduced to adjust center frequency. In order to improve the performance of filter
better, three stubs are introduced to SIW cavity. Compared with Filter A, Filter B has some changes
in the coupling scheme and the generations of TZs. From Fig. 11, it can be realized that there are three
coupling paths between port 1 and port 2. Path 1 is: Port 1→SIW cavity→Port 2. Path 2 is: Port
1→stub 1→SIW cavity→stub 2→Port 2. Path 3 is: Port 1→stub 3→Port 2. As shown in Fig. 12, with
the introduction of stub 1 and stub 2, the upper stopband performance of filter is improved, and the
lower stopband performance of filter is improved with the introduction of stub 3. Three TZs are also
obtained. TZ 1 is formed due to the phase difference between path 1 and path 3. TZ 2 is formed by the
resonance characteristics of stub 3. TZ 3 is formed due to the phase difference between path 1 and path
2. Both TZ 1 and TZ 2 are related to stub 3, thus the positions of TZ 1 and TZ 2 can be controlled by
adjusting the specification parameters of stub 3. The position of TZ 3 can be controlled by adjusting
the specification parameters of stub 1 and stub 2. As shown in Fig. 13, the location of TZ 3 is changed
at different widths of y2, while that of TZ 1 and TZ 2 is hardly affected, which proves that stubs 1, 2
mainly adjust TZ 3, and has little effect on TZ 1 and TZ 2. Therefore, TZ 1 and TZ 2 can be controlled
by adjusting the specifications of stub 3, and TZ 3 can be controlled by adjusting the specifications of
stub 1 and stub 2.
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Figure 10. The structure diagram of proposed Filter B (d = 0.7 mm, p = 1.1 mm, m1 = 2.1 mm,
m2 = 2.3 mm, x1 = 3.7 mm, x2 = 0.2 mm, y1 = 0.8 mm, y2 = 1mm, wfeed = 0.24 mm, lfeed = 2.9 mm).
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Figure 11. The coupling scheme between two ports in the Filter B.
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Figure 12. The S21 parameter of SIW cavity
with and without stubs.
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Figure 13. The S parameter with different width
of y2.

3. THE ANALYSIS OF SIMULATION AND MEASUREMENT OF PROPOSED
FILTER

In order to verify the feasibility of the designed coupling schemes, two filters are simulated, fabricated,
and measured. Filter A and Filter B are set to operate at 14.4 GHz with bandwidth = 800 MHz.
Fig. 14(a) shows a photo of the fabricated Filter A. Meanwhile, the simulated and measured results
of Filter A are depicted in Fig. 15(a). The measured center frequency is at 14.39 GHz, and measured
bandwidth is 820 MHz. The measured return loss is better than 12 dB. The minimum insertion loss
is 1.45 dB. Three TZs are generated as expected. Fig. 14(b) shows a photo of the fabricated Filter
B. Fig. 15(b) illustrates the simulation and measurement of Filter B, which operates at 14.35 GHz
with bandwidth of 800 MHz. The measured return loss is better than 10 dB. The minimum insertion
loss is 1.40 dB. Two phenomena can be found by comparing the simulation with the measurement.
Phenomenon 1 is that center frequencies, bandwidths, return losses, and TZs remain almost unchanged.
Phenomenon 2 is that insertion losses are deteriorated about 1 dB. But all the phenomena are within a
reasonable range and can be explained. In the process of fabrication, the welding operation is manual,
which may form errors and result in phenomenon 1. In addition, two filters are set to operate at
high frequency band, so the loss of corresponding SMA connector cannot be ignored, which cause the
appearance of phenomenon 2. On the whole, the simulated results of two filters are in good agreement
with the measured ones. Table 1 shows the comparison between Filter A, B and other proposed filters.
So, it can be concluded that the designed filters have merits of good out-of-band performance and
compact structure.

(a) (b)

Figure 14. (a) The photo of the fabricated Filter A; (b) The photo of the fabricated Filter B.
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Figure 15. (a) The simulated and measured results of Filter A; (b) The simulated and measured
results of Filter B.

Table 1. The comparison between Filter A, B and others proposed filters.

Ref layers CF (GHz) IL (dB, @ f0) TZL TZU Size (λg × λg)
[7] 1 9.97 1.65 0 2 1.47 ∗ 0.77
[8] 1 8.00 0.90 0 1 0.43 ∗ 0.27
[12] 1 12.65 2.50 0 0 0.35 ∗ 1.17
[13] 1 10.04 1.50 0 1 0.48 ∗ 1.06
[14] 1 7.43 1.80 0 0 0.65 ∗ 0.65
[15] 4 6.96 2.29 0 1 0.46 ∗ 0.46

Filter A 1 14.39 1.45 2 1 0.43 ∗ 0.43
Filter B 1 14.35 1.40 2 1 0.48 ∗ 0.48

4. CONCLUSION

In this paper, two different feeding and coupling schemes between two ports are presented. Based
on SIW cavities with orthogonal ports, multiple coupling paths are formed by the introductions of
multiple stubs between two ports, which solves the problem of generating TZs in the lower stopband.
Three different stubs are designed. In addition, metal vias and L-shaped slots are used to adjust center
frequency. The CPW structure is used to adjust bandwidth in both designed filters. Filter A and Filter
B have advantages of good out-of-band performance and compact structure. The filters are in line with
the development of microwave filters and suitable for satellite communication.
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