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Direct-Coupled Cavity Filter in Ridge Gap
Waveguide

Milad Sharifi Sorkherizi, Ali Khaleghi, Member, IEEE, and Per-Simon Kildal, Fellow, IEEE

Abstract— This paper describes a novel design for a direct-
coupled cavity filter realization using ridge gap waveguide
technology. A ridge gap waveguide transmission line with two
coaxial feed connectors is designed and operated within the
frequency band of 10-13 GHz. A cavity is coupled to the
transmission line in order to achieve bandstop filter
characteristic. Thereafter, the structure of the filter is modified
in a way to generate a bandpass feature. The final manufactured
prototype is a forth order bandpass filter, operating at the center
frequency of 11.59 GHz with a bandwidth of 72 MHz. The
proposed design has potential applications in channeling filters
for telecommunication satellites.

Index Terms—ridge gap waveguide, direct-coupled cavity
filter, bandpass filter.

I. INTRODUCTION

Recently a new metamaterial-based guiding structure in
gap between two parallel metal plates has been
introduced [1], [2]. The ridge gap waveguide supports quasi-
TEM wave propagation in the air gap between the parallel
plates. The lower plate is textured with a 2-D periodic
structures as well as intermediate ridges. The 2-D periodic
structures introduce artificial magnetic conductor (AMC)
boundary conditions that together with the smooth upper plate
produce a stopband for parallel-plate modes and confine the
energy along the guiding ridges. The proposed waveguiding
structure can be realized without any dielectric material and
no electrical connection between the plates is required [2].
These features highlight this technology as a suitable
candidate for millimeter and submillimeter band guiding
structure for realizing microwave components. Another
interesting feature of ridge gap technology is its ability for
integration and packaging as it can be designed to be
completely enclosed.

The periodic texture in the lower plate of the ridge gap
waveguide introduces when integrated with the upper metal
plate, a stopband in which no guiding and cavity mode
between the two parallel plates can be excited. Different
configurations can be used to achieve the desired stopband
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characteristics, which design procedures and stopband
calculations are presented in [3]. One desirable geometry of
this periodic pattern is the so-called “bed of nails” which also
has applications in microwave circuit packaging technology
(4], [5].

One vital and challenging microwave component in a
complicated communication system, is diplexer or multiplexer
which serves as channel separator. The multiplexer simply can
be defined as relatively narrow-band filters in a filter bank
which are governing the characteristics of the communication
transponder [6]. Hence, a significant effort is generally made
to optimize their characteristics. To design a multiplexer, the
filter channels usually are designed separately to achieve an
acceptable performance. Then, they are interconnected to form
a multiplexer configuration. The next step is to re-optimize the
design or introduce the matching elements to achieve
acceptable responses [7]. In this paper we concentrate on the
first step that is the design of a single narrow band filter for a
conventional channel in satellite communication.

The design is based on direct-coupled cavity filter geometry
which characteristics have been widely studied in literature for
waveguide cavities [8]-[10]. The main goal of our
investigation is to achieve a fully integrated design based on
ridge gap waveguide. There have been previous publications
on gap waveguide filters, such as the microstrip gap
waveguide packaged filter in [5] and the groove gap
waveguide filter in [11]. The gap waveguides are in particular
suitable for packaging of whole microwave modules with TX
& Rx amplifiers, such as demonstrated in [12]. Then, gap
waveguide filters can readily be integrated in such packaging
modules. The present direct-coupled cavity is also a kind of
groove gap waveguide filter but it has a simpler mechanical
design with fewer and thicker pins that are less expensive to
manufacture for high frequency. In particular, we use here
only one row of pins between each cavity resonator. Also the
design is a waveguide based filter which is suitable for
multiplexer configuration.

The paper is organized as follows. In section Il we
proposed a novel cavity structure which can easily be
integrated with the ridge gap waveguide. The resonator is
realized by introducing a defect in the surrounding periodic
pattern around the guiding ridge. Different modes of this
cavity are studied and the affecting factor in its resonance
frequency is analyzed. The adjacent cavity to the ridge
introduces a bandstop filter. In section Ill, another guiding
ridge that can be coupled to the cavity is designed in order to
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Fig. 1. Geometry of designed ridge gap waveguide for 10-13 GHz band.
a)Side view b)Top view. The parameters are defined as follow: a=13 mm,
b=15.6 mm, c=3.9 mm, d=6.5 mm, g=2.6 mm, h=1.3 mm, i=4.48 mm, p=4.55
mm, $=4.87 mm, w=4.75 mm.
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Fig. 2. Simulated S-parameters of the designed ridge gap waveguide (see
Fig. 1).

achieve a bandpass filter. In section 1V, multiple cavities with
proper dimensions and couplings are adapted in series to yield
higher order filter with a desired bandwidth. In section V the
experimental results for an optimized forth order filter at the
center frequency of 11.59 GHz with a bandwidth of 72 MHz
are presented.

Il. CAVITY STRUCTURE IN RIDGE GAP WAVEGUIDE

A. Ridge Gap Waveguide in 10-13 GHz Frequency Band

The design procedure of a ridge gap waveguide is
introduced in [2]. Here, a new geometry is designed for
operating in x-band, more specifically around the center
frequency of 11.59 GHz, in order to demonstrate the concept
of coupled cavity filter on a conventional channel in satellite
communications. The dimensions of the x-band prototype are
shown in Fig.1. The bed of nails structure used in the
waveguide can provide bandgap between 7.16-7.13 GHz.
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Fig. 3. (a): Proposed cavity which is realized by creating three defects in the
finite periodic EBG structure of Ridge Gap waveguide. The upper lid is not
shown. (b): Electrical filed distribution of the first mode. (c): Second mode.
(d): Third mode. (e): Fourth mode.

TABLEI
FIRST FOUR MODES’ RESONANT FREQUENCIES AND Q-FACTORS OF THE
CAVITY STRUCTURE PRESENTED IN FIG. 3

Mode Frequency( GHz) Q-factor
1 12.3142 5.4561 X 10°
2 14.5637 6.0015 % 10°
3 17.1663 4.0539 X 10°
4 17.1775 3.9102 X 10°

However the operating frequency is limited by the coaxial
feed excitation which is designed with respect to [13]. The S-
parameters of the full wave simulated design is shown in Fig.
2. As shown the return loss is less than 10 dB for 10-13 GHz.
In this frequency range the energy is confined in the air gap
between the upper lid and the ridge.

B. Proposed Cavity in Ridge Gap Waveguide

Direct-coupled cavity filter is a well-known structure to
demonstrate narrow-band filters [8]-[10]. The first step of
filter design is to realize a cavity with the intended resonance
frequency that can be coupled to the guided energy of
waveguide and realized easily in mechanical matter.

At first glance the ridge gap structure shows a unique
similarity to crystal photonics which were studied widely in
recent years [14]. By this analogy, it seems that the realization
of cavities in ridge gap structure can be done by creating a
defect in the periodic structure as in crystal photonics [15]. To



> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) < 3

understand the situation, a defect is created in the periodic
high-impedance surface of the ridge gap waveguide. Fig. 3-a
shows this structure, which is a finite periodic surface in
which three pins in the center is removed. The dimensions and
period of the pins are as shown in Fig. 1. CST Eigenmode
solver is used for calculations. The resonance frequencies of
the first four modes above 9 GHz and relating Q-factors are
presented in Table 1. The electric field distributions of the first
four resonances are illustrated in Fig.3-b-e. As shown, the
electric field is confined within the cavity for the first two
resonance modes. For the upper modes, the created cavity is
not responsible for the resonance as the frequency is out of the
stopband for parallel-plate modes. In these modes the electric
field is distributed within the metallic pins. Q-factor of the
proposed cavity is high enough to satisfy the commercial
specification of the radio links in x-band. The high Q
properties of gap waveguides are studied more thoroughly in
[16] and [17].

A key factor for a cavity is the capability of resonance
frequency tuning. For this purpose, the volume of the cavity is
altered by keeping constant dimensions of the periodic
texture. In this work we also keep the length and height of the
cavity constant, and we adjust the resonance frequency by
changing only the width (w) as shown in Fig. 4-a. We see that
the width of the rods surrounding the cavity has been changed,
and thereby the total width of the cavity can be controlled.
Fig. 4-b shows the variation of the resonance frequency of the
first mode versus w (mm). As shown, the resonance frequency
reduces by increasing the cavity width.

Freq(GHz)

w(mm)
(b)
Fig. 4. (a): The cavity structure of Fig. 3 with variable width. The sizes of
the surrounding pins control the size of the cavity. Other dimensions are
identical to the presented parameters of the EBG surface in Fig. 1. (b):
Resonant frequency of the first mode is plotted as a function of the width of
the cavity.

Freq(GHz)
(b)
Fig. 5. (a): Bandstop filter by placing the designed cavity adjacent to the
guiding ridge. (b): Simulated S-parameters which shows band elimination in
15.59 GHz. “w” is set to 14.58 mm.

C. Bandstop Filter Using the Designed Cavity

Generally in rectangular waveguide structures the coupling
from waveguide to cavity is achieved by a T-junction, which
needs proper design itself. In ridge gap structure this can be
acquired by simply positioning the defect near the ridge. Fig.
5 shows this geometry and the simulated transmission
parameters using HFSS for the cavity length of w= 14.58 mm.
Fig. 4 anticipated the resonant frequency of 11.54 GHz but as
the geometry is perturbed by the existence of the ridge, the
resonance occurs at 11.59 GHz. The coupled cavity geometry
works as a band-eliminating filter which resonance frequency
can be controlled by the cavity width (w).

I11. CoupLED CAVITY FILTER ON RIDGE GAP WAVEGUIDE
(BAND PASS FILTER)

The next step is realizing a bandpass filter using the
coupled cavity geometry. For this purpose, we introduce a
new ridge to extract the trapped energy in the resonance
frequency of the aforementioned cavity. The geometry of Fig.
6 is a solution that is identical to the geometry of Fig. 5, but
another ridge is inserted in the vicinity of the cavity. The
dimensions of the new ridge are identical to the main ridge.
Also, to fix the resonance at 11.59 GHz a little adjustment is
needed in the width of the cavity, or in the length by altering
the length of the second ridge. In Fig. 6-a the width (w) and
length (1) of the cavity are equal to 14.82 mm and 23.80 mm,
respectively. The transmission results of this structure are
plotted in Fig. 6. This is a poor result as the Sy, has at least 3
dB loss. By canceling the coaxial port at the end of the main
ridge (specified by Port 3 in Fig.6) or by creating a short
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Fig. 6. (a): First order bandpass filter by placing another ridge near the
cavity (b): Simulated Si. of the (a) and the short circuited prototype which is
identical to (a) but the coaxial transition in port 3 is canceled.

circuit, the Si» shows a significant improvement which is
plotted in fig. 6-b. In this realization the important issue is the
distance between the center of the cavity and the short circuit
end. This distance should be adjusted to (N+0.5) A g where X4
is the effective wavelength in the parallel plate waveguide and
N is an integer number. As the ridge gap waveguide supports
quasi-TEM waves, the wavelength can be approximated by
the wavelength in free space. This does not oblige very severe
condition because the coupling area between the first guiding
ridge and the cavity is large enough to tolerate few fraction of
mismatch.

IV. CoupLED CAVITY FILTER ON RIDGE GAP WAVEGUIDE
(FORTH ORDER BAND PASS FILTER)

In order to achieve a practical narrow band filter one needs
to employ extra cavities to introduce multiple poles to the
filter. In Fig. 7 four identical cavities are aligned in cascade in
order to realize a fourth order bandpass filter. The coupling
between the cavities is controlled by the height of the rods that
are placed between the cavities. Other dimensions of the rods
are identical to other rods of the aforementioned pattern. This
fact was used in the design to place the poles in the desired
position in order to achieve a maximally flat response with
center frequency of 11.59 GHz and 72 MHz bandwidth.

The simulations showed that two rows of rods in every side
of each ridge are sufficient to create satisfactory artificial
magnetic conductor (AMC) boundary conditions. Hence, in
Fig. 7-a the total size of the design is reduced. The parameters

of this design are presented in the caption for Fig. 7. The
lengths of the cavities are identical in pairs, which means the
first and the last cavities have same lengths so the two cavities
in middle. The widths of the cavities are all identical and
equal to “w”. “h” shows the height of the second coupling pin.
Dimensions of other coupling pins are all identical to the pins
of the periodic pattern surface (Fig.1). The exact parameter
dimensions are presented in Fig. 7.

Different channels can be implemented in the proposed
structure to introduce a channel multiplexer. The authors are
working on implementing a complete channel multiplexer on
this structure.

V. EXPERIMENTAL RESULTS

The designed model in Fig. 7-a was fabricated using CNC
etching machine on Aluminum. Fig. 8 shows the physical
realization of the filter that is comprised of two parts. The
sidewalls are connected to the upper lid and are provided with
several holes for connecting screws. The screws are only for
mechanical enforcement and as mentioned in the introduction
no electrical connection is needed between the plates. Two
SMA connectors are inserted from the upper plate and the
inners are placed inside the defined holes in the ridges as in
Fig. 1.

The S-parameters were measured using a vector network
analyzer. The experimental results along with simulations are

Freq(GHz)
(b)
(a): A fourth degree direct coupled cavity filter on ridge rap
waveguide. The center frequency in 11.59 GHz and the usable bandwidth
(insertion 10ss<0.7 dB) is 72 MHz. The parameters are as follows:

Fig. 7.

11=14=29.98 mm, 12=13=29.8 mm, w=14.55 mm, h=6.9 mm, d=39.85 mm
(b): Simulated scattering parameters of the filter.
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Fig. 8. (a): Fabricated fourth degree bandpass filter in center frequency of
11.59 GHz and bandwidth of 72 GHz.
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Fig.9. (a): Measured and simulated Si: and Si2 of the design. (b):

Measured and simulated S12 of the design in the passband.

presented in Fig. 9. Generally there is good agreement
between the measurement and simulation. The decrease in the
center frequency is caused by tolerance in fabrication. The
measured insertion loss in the passhand is higher about 0.7 dB
in contrast with the simulation that is caused partially by the
losses and mismatch of the SMA connectors. It has been
shown previously [2] that designing and using a proper TRL
calibration kit will result in lower insertion loss. Also, the
roughness of the inner surface may cause the additional
measured loss. Silver plating can eliminate this factor and also
will increase the Q-factor of the cavities. Moreover, cavity

sizes will be reduced, the decrease in the center frequency can
be compensated.

VI. CONCLUSION

This paper described a novel design of a filter on a ridge
gap waveguide. The design concept was based on creating a
defect in a periodic structure as in crystal photonics. The idea
was applied to the ridge gap waveguide and a bandstop filter
was realized. The procedure for the optimal design of the
cavity was explained using modal analysis. A bandpass filter
was designed by introducing the second ridge at the vicinity of
the cavity. The coupling between the cavity and the ridge,
which guided the wave to the filter’s second port, was
optimized. A sample model of a forth order filter with 72
MHz bandwidth at the center frequency of 11.59 GHz was
designed, manufactured and measured. The couplings among
the cavities were adjusted by the height of the pins. The
design work to develop a multi-channel filter is on the way.
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