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Substrate Integrated Waveguide Triple-Passband
Dual-Stopband Filter Using Six Cascaded Singlets
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Abstract—A triple-passband, dual-stopband filter consisting of
six cascaded singlets is introduced in substrate integrated wave-
guide (SIW) technology. Each singlet produces one independent
transmission zero (TZ). Four of six TZs are placed within the
filter passband, producing three passbands separated by two stop-
bands. The corresponding coupling matrix is synthesized based on
a combination of well-known analytic and optimization methods.
The SIW filter is designed for stopbands centered at 10.25 and
11.23 GHz, and passbands at 9.72, 10.76, and 11.76 GHz. The
prototype is fabricated and measured. Good agreement between
simulated and measured results is achieved.

Index Terms—Bandpass filter (BPF), coupling matrix,
dual-bandstop filter, nonresonating node (NRN), substrate
integrated waveguide (SIW).

I. INTRODUCTION

B ANDPASS filters (BPFs) have been investigated widely
during the last two decades. But the design and fabrica-

tion of their counterparts, bandstop filters, have attracted less
attention despite their important roles in modern wireless com-
munication systems.
The traditional realization method of bandstop filters relies on

loading a waveguide or transmission line with a group of series
stopband stubs which are a quarter wavelength long and spaced
by oddmultiples of a quarter wavelength at the center frequency
[1]. No control of reflection zeros (RZs), usually large phys-
ical dimensions and the first higher order mode appearance at
three times the fundamental resonant frequency are disadvan-
tages of this approach. A modified method, presented in [2],
describes how to increase the first higher order resonant fre-
quency to much higher multiples of the fundamental stopband
frequency.
The flexible extracted pole technique allows the designer to

synthesize both symmetric and asymmetric responses with arbi-
trarily located transmission zeros (TZs) by separating the in-line
resonator by constant phase shifts [3].
A common approach to combine bandpass and bandstop

characteristics is to utilize dual-behavior resonators (DBRs)
[4]. However, they are difficult to realize in H-plane substrate
integrated waveguide (SIW) technology.
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Bandstop filters can also be realized by coupled bandpass res-
onators [5], and the coupling matrix of such components can
be synthesized by a method very similar to that of BPFs [5],
[6]. Though this method enables us to create both elliptic and
quasi-elliptic bandstop filters, the required direct and cross cou-
plings might be too large to be realized. Moreover, source-load
coupling is a necessity which places restrictions on the overall
filter topology.
More recently, the nonresonating node (NRN) concept has

been introduced to generate compact BPFs [7], [8]. Beside com-
pactness, NRNs create direct paths that are bypassing the res-
onators, thus enabling us to produce TZs with resonant
elements in an in-line configuration, i.e., without the need for
source-load coupling.
Some single-band multi-resonator passband filters based on

NRNs and in E-plane waveguides are reported in [7], but they
are not using cascaded singlets. NRNs have been used in singlets
and cascaded singlets to realized single-band BPFs in E-plane
waveguide technology and two-layer microstrip configuration
[8].
Two different configurations of band-reject filters based on

NRNs have been reported in [9]. In one of them, the NRNs
have been used with inverters, and in a second case, the NRNs
are used with phase shifters and inverters. Both symmetric and
nonsymmetric responses with arbitrary TZs can be realized. Mi-
crostrip and E-plane waveguide band-reject filters have been de-
signed based on the methods proposed in [9].
In comparison with the other papers using the NRN concept

to realize bandpass or bandstop filters, and we mentioned some
of them [7]–[9], this is the first time that six cascaded singlets,
in the form of H-plane waveguides, are used to realize a wide-
band multiband triple passband and double stopband filter in
SIW technology that allows us to control the locations of the
stopband TZs as well as the passband RZs. Note that previously
reportedmultiband bandpass SIW filters, like the one in [10], are
based on coupled bandpass resonators without involving NRNs.

II. DESIGN PROCEDURE

As described in [8], each singlet can produce one TZ as well
as one RZ. This is schematically shown in Fig. 1(a). Since SIW
prototyping is envisioned, the TE mode is used as resonance
while the TE mode creates the bypass coupling, thus pro-
ducing one TZ. Using this concept, to create the triple-pass-
band, dual-stopband filter, we first design a 13 13 coupling
matrix (not shown here) based on Fig. 1(b). This coupling ma-
trix is synthesized based on well-known analytic and optimiza-
tion methods described in [6] and [11], with some modification
to take into account the NRNs. Two stopband center frequen-
cies are selected as 10.25 and 11.23 GHz, with bandwidths of
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Fig. 1. Configuration of a singlet (a), and a passband filter consisting of six
singlets (b).

0.32 GHz and 0.2 GHz, respectively. The center frequencies of
the three passbands are 9.72, 10.76, and 11.76 GHz with band-
widths of 0.39 GHz, 0.37 GHz, and 0.39 GHz, respectively. The
second step is to design a six-pole BPF by cascading six singlets
as shown in Fig. 1(b), using the commercial software package
Wave Wizard. The center frequency, bandwidth and return loss
of such a wideband filter are 10.75 GHz, 2.35 GHz, and 23 dB,
respectively. As expected this structure produces six TZs that
can now be almost independently moved to the left or right side
of the passband, or even into the passband. Each singlet is re-
sponsible for one TZ. The location of each TZ depends on the
relative locations of the input and output apertures of its corre-
sponding singlets [7]. Any changes in the input or output aper-
tures size and location has also a very small effect on the other
singlets, but it is not very significant and some fine optimization
can eliminate these effects. This feature can be used to change
the wideband passband filter to a triple-passband, double-stop-
band filter.
In the third step, the designed six-pole wideband BPF is op-

timized based on the coupling matrix synthesized in the first
step to realize a dual-stopband, triple-passband filter. For use
in a planar application, all filter dimensions are translated to a
SIWmodel, using the method described in [12]. Finally, the fre-
quency-domain solver of CST is used to simulate and fine-opti-
mize the SIW filter shown in Fig. 2. The substrate is RT/Duroid
6002 with dielectric constant of 2.94, thickness of 0.508 mm

Fig. 2. Layout of the triple-passband dual-stopband filter with coaxial ports
and microstrip to SIW transitions.

Fig. 3. Updated coupling scheme of the dual-band bandstop filter designed in
Fig. 2.

and dielectric loss tangent of 0.0012. The diameter of all via
holes is 1 mm and the cutoff frequency of the input waveguide
is 6.5 GHz. All dimensions of the filter are shown in Fig. 2, with
distances measured between via centers.
During the optimization process, the length of the second

resonator was increased which causes the fundamental
mode to start resonating in this resonator in addition to the

mode. To include this resonance, the filter coupling
configuration in Fig. 1(b) is updated in Fig. 3. So we synthesize
a new 14 14 coupling matrix and continue the optimization of
the physical dimensions of the filter based on the new coupling
matrix.
The normalized coupling matrix of the updated topology

shown in Fig. 3 is presented in (1) at the bottom of this page. The
scattering parameters corresponding to this coupling matrix are
plotted in Fig. 4. Good agreement between simulated scattering
parameters and those calculated from the coupling matrix is
observed, especially in terms of TZs and RZs locations. Since
the coupling matrix elements are assumed frequency-indepen-
dent, it is difficult to reach the same return loss and attenuation
in all passbands and stopbands, respectively. The simulation
includes the full-wave frequency-dependent response of the
filter. Therefore, the simulated scattering parameters show

(1)
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Fig. 4. Scattering parameters of the triple-passband dual-stopband filter; sim-
ulated response (CST) versus coupling matrix (M).

Fig. 5. The dual-band bandstop filter fabricated in SIW technology with mi-
crostrip ports and microstrip-to-SIW transitions.

Fig. 6. Comparison between measured and simulated scattering parameters of
the triple-passband, dual-stopband filter.

better passband return losses and stopband attenuations com-
pared to scattering parameters calculated from the coupling
matrix.

III. FABRICATION AND MEASUREMENT

The triple-passband, dual-stopband filter has been prototyped
as shown in Fig. 5. Measurements were carried out with a vector
network analyzer and Thru-Reflect-Line (TRL) calibration stan-
dards, which ideally calibrate out the SMA-to microstrip and
microstrip-to-SIW transitions.
The measured results are compared with simulated responses

in Fig. 6. Good agreement between simulated and measured
transmission coefficients is achieved, especially with respect to

the positions of the TZs and RZs. The measured passband return
losses are 9.63 dB, 9.17 dB, and 13.22 dB, with minimum in-
sertion losses of 0.33 dB, 0.45 dB and 0.3 dB, respectively. The
measured minimum attenuations in the two stopbands are 15.48
and 18.56 dB which agree reasonably well with simulations.
The slight upward frequency shift is well within the limit of the
substrate’s permittivity of . Moreover, the vias ap-
pear to have been drilled slightly larger than the nominal value
of 1 mm. That reduces the effective resonator widths and length,
and thus the filter shifts upward in frequency (not shown here).
The remaining differences, especially in return loss levels, are
attributed to the differences in soldering coaxial connectors to
the calibration standards and filter structure.

IV. CONCLUSION

An approach for creating a dual-stopband filter within a
wide passband is presented. Using cascaded singlets and the
NRN concept, an SIW triple-passband, dual-stopband filter is
designed and prototyped. The synthesized coupling matrix and
measured results are in good agreement with simulations which
validates the reliability of the design procedure. Measurements
verify the simulated performance in principle. Some discrepan-
cies, especially in the passband return loss, are attributed to the
fabricated TRL calibration standards. Note that this approach
can be extended to create multiple bandstop as well as BPFs
since the locations of RZs and TZs as well as the center fre-
quency and bandwidth of each stopband can be independently
controlled.
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