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A new class of back-to-back integrated aperture- and gap-coupled
discontinuities is proposed for substrate-integrated waveguide band-
pass filter design. The developed structure is shown to take advantage
of both discontinuities in the design of cavity and/or planar resonators
with an optimum performance including higher quality factor
accompanied by transmission zero realisation, wider upper stop-band
with second harmonic suppression, and a considerable size reduction.
The measured unloaded quality factor has been increased by a ratio of
60% in comparison to the conventional gap-coupled structures.
Introduction: Two basic direct and indirect coupling mechanisms are
generally used for the design of microwave filters [1]. The discontinu-
ities are employed to realise such couplings in the two main classes
including aperture- and gap-coupled structures for 3D waveguide and
planar structures, respectively [1, 2]. While gap-coupled discontinuity
integrated with substrate-integrated waveguide (SIW) is reported as an
alternative to decrease the size of the structure, operating at evanescent-
mode [3], aperture-coupled discontinuity integrated with 3D resonators
has been reported for high-quality and low-loss filter design [4].
Moreover, the aperture-coupled 3D cavity resonators solely realise
transmission poles (TPs) above the 3D structure’s cut-off frequency [5].

The realised TPs should be accompanied by transmission zeros (TZs)
to demonstrate more selective filters. Several techniques have
been reported to realise TZs in 3D waveguides or SIWs by integrating
auxiliary sub-structures including bypassing couplings of non-
resonating modes, side-wall cavities, and/or embedded metallic posts
[5, 6]. Although the techniques are effective in TZs realisation, they
all either add complexity in the design or increase the structure size.
Recently, gap-coupled discontinuity has been studied to design 3D
SIW band-pass filters (BPFs) for evanescent-mode TP realisation [2, 3].

Compared to the aperture-coupled excitation of 3D structures, the
gap-coupled discontinuity demonstrates not only TP but also a TZ
closed to the pass-band without any other auxiliary structure such
as side-wall cavity or iris. However, this technique decreases the
overall unloaded quality-factor (QF) of the resonator. In this Letter, a
back-to-back integrated aperture- and gap-coupled discontinuity is pro-
posed to design SIW BPFs. The developed structure is shown to take
advantage of both discontinuities with an optimum performance includ-
ing higher QF accompanied by TZ realisation, wider upper stop-band
with second harmonic suppression, and a considerable size reduction.

Back-to-back aperture- and gap-coupled discontinuities: The integrat-
ion of gap- and aperture-coupled discontinuities with SIW resonator is
developed to accomplish size reduction and higher unloaded QF, respect-
ively. In order to illustrate the superiority of the proposed concept, the fre-
quency response of the gap-, aperture-coupled discontinuities, and their
combination are separately discussed. Figs. 1a–d show the four designed
structures to realise BPFs based on four types of discontinuities integrated
with SIW, i.e. aperture-coupled, gap-coupled, a combination of aperture-
and gap-coupled, and combination of aperture-coupled and two sides gap-
coupled, respectively. EM-simulated S21-parameters of the proposed
structures are compared in Fig. 2. The SIW circuit integrated with mul-
tiple aperture-coupled (circuit (a)) realises a wide pass-band consisting
of two TPs at around 4 and 5 GHz above the cut-off frequency,
fc = 2.75 GHz, with a maximum in-band insertion loss of 2.5 dB.
However, its performance is restricted with a low upper-band suppression
level, i.e. a maximum of 8.35 dB. The same platform is developed by
implementing a gap-coupled discontinuity on the top wall of the SIW
[3] instead of aperture one, as shown in Fig. 2b.

This configuration realises an evanescent-mode TP at 2.3 GHz along
with two TZs at frequencies of 1.38 and 3.79 GHz. In comparison to the
circuit (a), this structure is reported to demonstrate better performances
in terms of lower 3 dB-fractional bandwidth (FBW), 9.13%, and TZs
realisation, where the 20 dB spurious-free frequency range is limited
to 0.96 GHz (2.9–3.86 GHz). Circuit (c) is obtained by integrating
both circuits (a) and (b). The integrated structure realises a second-order
pass-band at the centre frequency of 2.75 GHz with a 3 dB-FBW of
10.9% and a maximum in-band insertion loss of 2.93 dB.
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Fig. 1 SIW BPFs based on

a Aperture-coupled discontinuity
b Gap-coupled discontinuity
c Combination of gap- and aperture-coupled discontinuities
d Combination of aperture-coupled with two sides gap-coupled discontinuities
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Fig. 2 Full-wave simulated results of the structures in Fig. 1

a b c

Fig. 3 H-field distribution at resonance frequencies for

a Circuit (a) at 4 GHz
b Circuit (b) at 2.3 GHz
c Circuit (d) at 2.75 GHz

Inspecting the simulated results, the unloaded QFs, using (1), are
computed to be 104.7 and 47.7 for the circuits (b) and (c), respectively.
Despite the new design in Fig. 1c extends the 20 dB spurious-free region
to 1.29 GHz (3.23–4.52 GHz), its unloaded QF decreases by a ratio of
2.2 compared to that of the circuit (b). The circuit (c) can further be
developed through duplicating the gap-coupled discontinuity to the
ground wall of the SIW (see Fig. 1d). The proposed layout realises
a first-order pass-band at 2.75 GHz with a 3 dB-FBW of 4.73% and
a minimum in-band insertion loss of 1.81 dB. In comparison to the
circuit (c), this structure is reported to demonstrate a narrower pass-band
and a wider 20 dB spurious-free frequency range equal to 3.47 GHz
(3.01–6.48 GHz). The unloaded QF is also found to be increased by a
ratio of 2.36 as well. The simulated H-field distribution of circuits (a),
(b), and (d) is depicted in Fig. 3 in which can be seen that the new
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structure (Fig. 3c) benefits both of the gap and aperture coupling mech-
anisms for electromagnetic waves filtering.

Size reduction compared to those of the cavity SIW BPFs and higher-
quality factor than those of the gap-loaded SIW BPFs in the literature
would be attributed to simultaneous involvement of the gap and aperture
discontinuities, respectively. The insertion loss is given by

IL dB[ ] = 10Log 1− QL/Qun

( )2
(1)

where QL ( f0/Δf3dB) and Qun stand for the loaded and unloaded
QFs, respectively. The developed structure in Fig. 1d is fabricated on
a single-layer 0.508 mm-thick Rogers RO4003 substrate (see Fig. 4)
and tested by an Agilent 8722ES VNA. The simulated (Ansys HFSS)
and measured S-parameters are compared in Fig. 5. A pass-band sur-
rounded by two TZs at the central frequency of f0= 2.74 GHz is
realised. As shown in Fig. 6, the pass-band can further be tuned at differ-
ent central frequencies by varying the length of open-circuited stubs.
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Fig. 4 Digital photographs of the prototype SIW filter
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Fig. 5Measured and full-wave simulated results of the presented SIW BPF in
Fig. 1d with the optimised values of ℓ1 = 11.3, ℓ2 = 10.5, ℓ3 = 6, w = 29,
wa = 17, w1 = 11.4, w2 = 2.6, w3 = 8, and g = 0.4 (dimensions in mm). The
diameter and centre-to-centre pitch of the via holes are 1 and 2 mm,
respectively
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Fig. 6 Controlling the pass-band and TZs frequencies by varying
ℓ2 parameter equal to 8 mm (f0 = 3.15 GHz, IL = 2.9 dB, RL = 7.7 dB, and
FBW= 4.44%), 9 mm (f0 = 2.99 GHz, IL = 2.09 dB, RL = 12.5 dB,
and FBW= 4.68%), 10 mm (f0 = 2.83 GHz, IL = 1.71 dB, RL = 22 dB,
and FBW= 4.59%), and 11 mm (f0 = 2.68 GHz, IL = 1.69 dB,
RL = 32.9 dB, and FBW= 4.85%). Inset shows the simulated return losses

The measured insertion/return losses and 3 dB-FBW at the resonance
frequency are reported to be around 2.5, 16.5, and 3.65%, respectively.
The measured unloaded QF of the filter is around 109.5 versus that of
68.8 for the gap-coupled SIW in [3].
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The occupied area excluding the coaxial-to-SIW transitions is
23 mm × 32 mm, i.e. 0.4λg × 0.56λg, where λg is the guided wavelength
at the resonance frequency. The 20 dB spurious-free frequency range, as
well as the ratio of the second spurious harmonic ( fs) to resonance fre-
quency ( f0), are reported to be 3.47 GHz and 2.5, respectively. Table 1
summarises the performance of the developed back-to-back aperture-
and gap-coupled BPF (new) compared to those of the recent SIW
BPFs in the literature. The developed structure primarily offers a BPF
with significant size reduction, higher QF, and wider upper stop-band.

Table 1: Proposed structure versus the conventional SIW BPF ones
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technique
[3]
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1.8
 1.53
 68.8
 ≃2
 0.2 × 0.2

gap
[7]

6th
5.5
 1.7
 46.9
 ≃1.45
 1.34 × 0.69

cavity
[8]

4th
33.03
 1
 91
 (-)
 1.33 × 3.21

gap, cavity
[9]

5th
8.5
 1.1
 20
 ≃2
 0.68 × 1.36

gap, cavity
New

1st
2.74
 2.5
 109.5
 2.5
 0.4 × 0.56

gap, cavity
Conclusion: A new class of back-to-back integrated aperture- and gap-
coupled discontinuities has been developed to design SIW BPFs. The
developed structure has been reported to take advantage of both discon-
tinuities in the design of cavity and/or planar resonators with an
optimum performance including higher QF accompanied by TZ realis-
ation, wider upper stop-band with second harmonic suppression, and
a considerable size reduction. The unloaded QF has been enhanced by
a ratio of 60% in comparison to those of the gap-coupled SIW filters.
Moreover, the ratio between the main and second harmonic has been
increased by a factor of 2.5:1 compared to those of the conventional
cavity SIW filters in the literature.
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