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Abstract—This work presents a V-band iris filter, based on
recently introduced groove gap waveguide technology. In this
technology, it doesn’t need to have electrical contact between two
constituting metallic surfaces, as it is needed in conventional
hollow waveguides. Therefore, it is cheaper to manufacture gap
waveguide components, in particular in millimeter wave
frequency range. In this work, square shape groove gap
waveguide cavities are used as filter resonators. To realize the
input/output coupling and also inter cavity coupling, two larger
pins are used to act as an iris. A fifth order bandpass Chebyshev
filter is designed with 1 GHz bandwidth at 59.5 GHz center
frequency and a prototype is manufactured to validate the
simulation results. Design process, simulated results, and
measured results are presented here.

Keywords— coupled resonator filter; gap waveguide; groove
gap waveguide; microwave filter

I. INTRODUCTION

Microwave filter is an important part of many wireless
communication systems and are commonly realized in hollow
waveguide structure for frequencies between 3 and 30 GHz,
due to low insertion loss and high power handling capability
[1]. The hollow rectangular waveguide filters usually are
manufactured in two separate metallic parts that are connected
together by screws. At frequencies above 30 GHz, the
electrical contact between two metal split bocks becomes
more important. Poor electrical contact reduces the quality
factor of the hollow waveguide resonators and also causes the
Passive Intermodulation (PIM), due to leakage and finite
conductivity [2]. Obtaining good electrical contact between
two metallic parts at millimeter wave frequency range is very
difficult, due to the need of high quality surface roughness and
protection against corrosion of the metal contact area, and
hence, the manufacturing cost of conventional waveguide filter
is increased. Moreover, integrating the rectangular waveguide
by other active components mounted on the printed circuit
board can be difficult.

To overcome these limitations of hollow waveguides, a
new technology, called gap waveguide technology, has been
introduced recently [3]. The gap waveguide structure consists
of a Perfect Electric Conductor (PEC) surface and a Perfect
Magnetic Conductor (PMC) surface where propagation of
parallel-plate modes is forbidden while distance between the
two surfaces is smaller than A/4. As shown in Fig. 1(a), by
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incorporating a hard surface over the PMC layer, EM field
propagation between these two parallel surfaces is made
possible without any leakage to transversal directions, as a
local quasi-TEM wave [4]. The PMC surface can be realized
by a periodic structure as an Artificial Magnetic Conductor
(AMC), for instance by periodic metallic pins [5] and periodic
mushroom type vias in a substrate [6]. Up to now, four types
of gap waveguide structure have been proposed with different
hard surface, including groove, ridge, microstrip [7], and
microstrip-ridge gap waveguide [6]. The main advantage of
gap waveguide is that it doesn’t need any metal contact
between two separate metal blocks, also having almost the
same loss as a hollow waveguide. Moreover, the active RF
circuits can be integrated in this structure without extra
resonances due to packaging properties of gap waveguide [8].
Because of being open structure, the air cooling can be done
easily and hence, high power handling capability is improved.
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Fig. 1. (a) General structure of gap waveguide technology.
(b) Groove gap waveguide structure.

So far, gap waveguide passive components such as slot
array antennas and band-pass filters have been designed
mainly at Ku band and Ka band as a proof of concept [9-10].
However, recently millimeter wave gap waveguide structures
have been published as a transmission line [6] and as an
antenna [11]. Among all the gap waveguide geometries, the
groove gap waveguide structure has TEi-type mode
propagation, like in rectangular waveguide [12], and has the
highest quality factor among the different types of gap
waveguides [13]. In this paper, a novel iris filter based on
groove gap waveguide structure is presented. To create irises,
two pins are selected with different size with respect to the pin
grid. Two transitions from groove gap waveguide to WR-15
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waveguides are also designed. The design procedure,
simulation results and measured results are presented in the
following sections.
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Fig. 3. (a) Input coupling coefficient versus iris width ws; and (b) inter
cavity coupling coefficient versus iris width wij. (hgin = 1.25mm, hgap =
0.25mm, p= 1.3mm, a= 0.5mm, w;= w;= 3.4mm).

Il. GROOVE GAP WAVEGUIDE FILTER DESIGN

A. Groove Gap Waveguide

Fig. 1 (b) shows the groove gap waveguide consisting of
two PEC parallel plates, called cover plate and pin plate, and a
bed of periodic metallic pins on the pin plate. To realize an
AMC over the pin plate, the height of pins, hpin, should be A/4
and pins period, p, should be less than A/2. To stop the
propagation of parallel plate modes between pins and cover
plate, air gap, hgap, should be smaller than A/4.

B. Transition of Groove Gap Waveguide to WR-15

Fig. 2 (a) shows the designed transition from groove gap
waveguide to WR-15 via an aperture of width wy, in the pin
plate. The width of aperture and also its position with respect
to the back groove gap waveguide walls are selected to obtain
a good matching. The frequency response of the optimized
transition is shown in Fig. 2 (b). The simulated return loss and
insertion loss by considering silver metal is better than 20 dB
and 0.1 dB, respectively, over the fractional bandwidth of
7.5%.

C. Filter Design

Generally, an Nth-order cross-coupled resonator filter can
be modeled and synthesized by a coupling matrix. The
coupling coefficients for a synchronously tuned fifth-order
Chebyshev filter with return loss better than 20 dB are

Mg, =M =1.0136, M, =M, =0.8653
M,, = M,, =0.6357

Square shape groove gap waveguide cavities are used as
filter resonators with TEioi-like resonant mode. The input
(output) coupling to the first (last) resonator, i.e. Ms1 (Ms), can
be realized as shown in the inset of Fig. 3(a) by two longer pins
than the other pins. Input coupling coefficient versus input iris
width, wg, is depicted in Fig. 3(a). The inter-cavity coupling
between ith and jth resonators, Mjj, is also realized using the
structure shown in the inset of Fig. 3(b). Mj; coefficient is also
controlled by iris width, w;;, as depicted in Fig. 4(b). To control
the center frequency of ith square groove gap waveguide
cavity, slightly, one side length of cavity, wi, is changed by
dimensions of surrounding pins.
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Fig. 2. (a) Transition of groove gap waveguide to WR-15 and (b) its
frequency response (Wa, = 2.9 mm).

The proposed groove gap waveguide iris filter is depicted
in Fig. 4 (a). To have a more cost effective manufacture, the
grid of pins is chosen regularly and also, all the pins have
equal height. Using the design graphs depicted in Fig. 3 and
coupling coefficients, the filter is designed. The synthesized
frequency response of filter obtained from coupling matrix
and the simulated frequency response obtained using HFSS
are shown in Fig. 4(b) and a good agreement can be seen. The
simulated fractional bandwidth at 59.5 GHz center frequency
is 1.83 % with return loss better than 14 dB and the minimum
insertion loss is 0.8 dB.

I11. RESULTS AND DISCUSSION

Photograph of the fabricated groove gap waveguide filter
is illustrated in Fig. 5(a). Sawing and milling techniques are
used to manufacture the filter with brass as base metal and
then silver plating of 10 um thickness is applied. A
comparison between the simulated and measured frequency
response is depicted in Fig. 5(b). The measured fractional
bandwidth at 59.7 GHz center frequency is 1.34 % with return
loss better than 9 dB and the minimum insertion loss is 1.7 dB.
As is seen in Fig. 5(b), the center frequency of filter is shifted
to higher frequency and the bandwidth is decreased. From the
simulation of the filter with added silver plating thickness on
pins and also measuring of the manufactured filter dimensions
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Fig. 4. (a) Top view of the proposed fifth-order groove gap
waveguide filter. (b) The calculated and simulated frequency
response. (Ws; = 2.07mm, w;=3.15mm, w;,=1.41mm,
W,=3.44mm, w,3=1.32mm, w3=3.46mm).
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Fig. 5. (a) Photograph of the prototype groove gap waveguide
filter with holes for assembling and (b) its measured
frequency response.

by electronic microscope, it can be concluded that this
frequency response degradation is because of silver plating
and also fabrication tolerance of = 25 um. Indeed, silver
plating decreases the cavity size and also, decreases the
opening of the coupling irises and increases the iris thickness
and hence, the center frequency is shifted to higher frequency
and the bandwidth is decreases.

IV. CONCLUTION

A V-band iris groove gap waveguide filter has been
designed, fabricated, and measured. Using the gap waveguide
technology, conducting joint between two metal parts is not
required. TEipi-like mode of the square shaped groove gap
cavity is used as filter resonators that are coupled by irises.
Transition via cover plate from groove gap waveguide to WR-
15 is designed. A prototype filter is manufactured and
measured.
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