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Abstract—A fifth-order pseudo elliptic substrate integrated
waveguide (SIW) filter based on non-resonating nodes is
presented for high-selectivity bandpass applications. Three
singlets and two fundamental-mode resonators are properly
cascaded in a folded, thus compact topology. After optimization
of the coupling apertures, the filter produces three transmission
zeros for improved selectivity. An SIW filter prototype with a
center frequency of 11 GHz and 600 MHz bandwidth is designed
using HFSS and fabricated on RT/Duroid 5870 substrate. The
measured results are in very good agreement with simulations
and show excellent out-of-band rejection performance.
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I. INTRODUCTION

Rapid development of modern wireless communication
systems has resulted in an increasing demand and interest for
elliptic and quasi-elliptic filters with compact size, sharp
selectivity, low insertion loss, high integration capability, and
easy manufacturability. In order to improve out-of-band
rejection, filters with prescribed transmission zeros are widely
used.

Substrate integrated waveguide (SIW) has been proposed
as a new planar structure that combines high-Q-factor and
low-insertion-loss merits of traditional rectangular waveguides
with simplicity of planar fabrication and low-cost integration
of microstrip technology [1] - [3].

A variety of elliptic and quasi-elliptic SIW bandpass filters
can be implemented by introducing transmission zeros which
are generated by general cross coupling, multi-mode cavity
resonators, transmission line inserted inverters, or extracted
pole techniques, e.g. [4] - [9]. The use of non-resonating nodes
is an efficient technique to reduce the number of cross
couplings while maintaining transmission zeros. The basic
building block for the modular design of these filters is the
singlet, which contains one resonator and generates one
transmission zero by bypass coupling. It has been introduced
in E-plane waveguide circuitry [10] but is more appropriately
suited in H-plane technology [11] for implementation in SIW
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filters.

This paper focuses on the implementation of a pseudo
elliptic SIW bandpass filter by properly cascading singlets and
fundamental resonators [12]. Two TE, singlets and one TE,,
singlet are used to create transmission zeros on either side of
and close to the passband, thus resulting in a highly selective
bandpass  filter.  Moreover, two  fundamental-mode
resonators are employed, mostly to cancel the fundamental-
mode resonances of the singlets (TE;q;, below 11 GHz) to
improve the low frequency response of the filter. In this design,
three independent transmission zeros are produced close to the
passband of the filter by changing the position of the iris
windows. The topology is folded, and the resonator
arrangement is inline such that each resonator is only
connected to its left and right neighbor without the need for
additional inter-cavity cross coupling.

The main advantages of the proposed structure are, first,
that the frequency of the resonators and position of the
transmission zeros can be independently tuned and secondly,
that the filter is compact due to its folded configuration such
that input and output ports are accessible at a common
interface. HFSS and CST simulation data are compared with
experimental results and are found in good agreement.

II.  DESIGN

This section describes the basis singlet topology and the
design of the fifth-order SIW filter.

A. Singlet Topology

A singlet is a structure that not only acts as a resonator but
also generates one transmission zero by bypassing the
resonator. In an oversized H-plane SIW cavity, the resonance
employed can be created by a TE,y, or TE;y mode [11], [12].
Therefore, at the operating frequency, the TE;y mode can be
exploited as a non-resonating mode that bypasses the resonator
and creates a transmission zero. The position of the input and
output couplings in a cavity are the main design parameters to
control the transmission zero and its position with respect to
the passband. If the relative position of the couplings with
respect to the cavity center is offset in the same direction, the
magnetic field components of the TE;, mode at the input and
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output of the cavity are out of phase and, therefore, generate a
lower stopband transmission zero. In contrast, if they are offset
in opposite direction, the H-field components are in phase and,
therefore, generate an upper stopband transmission zero [11].

B. Design of a Fifth-Order SIW Filter

By extending the model of the singlet, we design a fifth-
order SIW filter with three transmission zeros. The singlet
structure can be used as a basic building block to design
flexible higher-order inline pseudo elliptic filters in H-plane
technology with the passband centered on the TE,g;- or TE ;-
mode resonances. The coupling scheme of the proposed
structure is shown in Fig. 1 with the resonances of individual
SIW cavities indicated. Note that in this folded topology, both
input (S) and output (L) ports are supposed to be accessible at a
common interface.

TEio

Fig. 1. Coupling scheme of the fifth-order pseudo-elliptic SIW filter and
resonances of SIW cavities.

The inline topology allows for a modular design in which
each transmission zero is generated and controlled by a
dedicated cavity. The filter is composed of two fundamental
resonators and three singlets that resonate at the center
frequency. Two of the singlets (resonators 1 and 5) resonate in
the TE,y; mode and the other one (resonator 2) resonates in the
TE o, mode. Bypass coupling of the TE,y and TE;j, modes
with the TE;y mode produces three transmission zeros, one on
the left and two on the right side of the passband. To improve
the spurious response in the lower stop-band, which is affected
by the fundamental TE;; resonances of the singlets, two
fundamental-mode resonators are used in the middle of the
structure.

The design begins with the coupling matrix design of the
individual singlets, starting with single resonator Chebyshev
cavities and then introducing detuning and bypass couplings
by optimizing the respective entries of the individual coupling
matrices of the singlets. The filter is designed for a center
frequency of 11 GHz with 5.5 percent fractional bandwidth
(600 MHz), 20 dB return loss and three transmission zeros,
one below (10.60 GHz) and two above the passband (11.50
GHz and 11.75 GHz). Let singlet #1 be the one between
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source S and non-resonating node N,, c.f. Fig. 1, and let it
create the transmission zero at 11.50 GHz, then its normalized
coupling matrix is given by

0.0000 0.6595 0.3502
M, =]0.6595 -0.4019 0.6595
0.3502 0.6595 0.0000

(1)

Similarly, the coupling matrix of singlet #2 between N,
and N,, which creates the transmission zero at 11.75 GHz, is

0.0000 0.7340 0.2585
M, =10.7340 -0.3530 0.7340

2
0.2585  0.7340  0.0000

Singlet #3 between Nj; and load L creates the transmission
zero at 10.6 GHz. Its coupling matrix is given by

0.0000 0.6443 -0.4379
0.6443 0.3952 0.6443
-0.4379 0.6443 0.0000

My =

3)

The coupling coefficients for the other two resonators
(resonators R; and R, in Fig. 1) are taken from a general five-
pole Chebyshev filter design, e.g. [13], and result in M;,~
0.6357.

The position of the transmission zeros at either side of the
passband skirts can be determined by changing the position of
the coupling iris between the cavities. The length and width of
the resonators is fixed by the operating frequency. Then the
width and length and position of coupling apertures to control
the bandwidth and transmission zeros can be determined.
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Fig. 2. Configuration and dimensional parameters of the fifth-order pseudo-
elliptic SIW filter.

To speed up the process of optimization, the individual
coupling matrices are first translated to all-dielectric
rectangular waveguide technology. Then the entire circuit is
optimized using the uWaveWizard which is based on an
efficient and fast mode-matching technique. Once the filter
performs to specifications, the rectangular waveguide walls



and apertures, which were set to a thickness of d.=0.85
mm in pWaveWizard, are replaced by circular via holes of
periodic distance S=1.4 mm and circular vias of radius [14]

Teircular = dsquare/(l + %)
which leads to via diameters of 1 mm.

The widths W,y and lengths L, of the rectangular
waveguide dimensions are transferred to equivalent SIW
parameters by employing relationships in [15]. Finally, the
filter is fine-tuned with HFSS and verified with CST.

“4)

Based on this approach, a fifth-order filter has been
designed and simulated on 0.508 mm thickness RT/Duroid
5870 substrate with relative permittivity of 2.33, conductor
thickness of 17.5 um and loss tangent of 0.0012. The diameter
of all via holes is 1 mm with center to center spacing of S=1.4
mm. Fig. 2 shows the layout of the filter and its dimensional
parameters.

Finally, a linear SIW-to-microstrip taper is designed to
transform the fundamental SIW mode to 50 Q microstrip lines
[16] for access with measurements equipment.

I1I.

Fig. 3 shows a photograph of the fabricated prototype. For
measurement purposes, the microstrip ports are equipped with
coaxial connectors. Both the coax connectors and the
microstrip-to-SIW  transitions are deembedded from
measurements using standard TRL calibration.

MEASUREMENTS AND SIMULATIONS

Fig. 3. Photograph of the folded fifth-order pseudo-elliptic SIW filter with
non-resonating nodes.

Simulated (HFSS and CST) and measured frequency
responses of the prototyped filter topology are compared in
Fig. 4. The passband and the three transmission zeros are well
reproduced in simulations as well as measurements. The slight
difference between HFSS and CST are due to the fact that
HFSS uses polygons to model the vias whereas CST models
the vias as actual circles.

The measurements agree well with simulations (and better
with HFSS than CST in the lower stopband) except for the
slight downward shift in frequency. This shift is believed to be
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caused by the fact that the via holes have been drilled slightly
smaller than 1 mm. Thus the cutoff frequencies of all SIW
sections move slightly downwards in frequency and so does the
filter response.
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Fig. 4. Measured and simulated (comparison between HFSS and CST)
performances of the fifth-order pseudo-elliptic SIW filter.

The measured insertion loss in the passband is about 2 dB,
and the return loss is better than 16 dB. For comparison, the
corresponding simulated values in HFSS are 1.5 dB and 17.5
dB, respectively. CST verifies the return loss as 17.5 dB but
predicts a slightly lower insertion loss of 0.9 dB.

IV. CONCLUSIONS

The compact filter coupling scheme, which is new to SIW
technology, presents a viable alternative for highly selective
SIW bandpass filters. The folded topology of the filter allows
input and output ports to be accessible at a common interface.
By cascading three singlets and two fundamental-mode
resonators, three transmission zeros at frequencies of 10.6
GHz, 11.5 GHz and 11.75 GHz are created to improve the
selectivity of the 5.5 percent fractional bandwidth filter at 11
GHz center frequency. Simulation and measured results
confirm the validity of the proposed configuration and design
approach. Very good agreement between simulation and
measurements is achieved, except for a slight frequency shift.
Moreover, the filter has the capability of increasing the number
of independently tuned transmission zeros by increasing the
number of singlets. It is demonstrated that the filter topology is
well suited for low-cost and sharp-skirt filters for microwave
and possibly millimeter-wave planar integrated circuit
operation.
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