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Design of a Ku-Band Filter Based on Groove Gap Waveguide
Technology

Davoud Zarifi* and Marziye Nasri

Abstract—This paper presents a Ku-band filter based on groove gap waveguide (GGW) technology
which is composed of a filter with two transitions GGW and WR-62. The filter is operated from 13.8 GHz
to 14.2 GHz. Actually, a fractional bandwidth of about 2.85% is obtained for maximum return loss of
20dB and the maximum insertion loss of 0.05 dB over the bandwidth. The validity of the design results
is confirmed both numerically and experimentally. Measurement results show that the performance of
filter agrees well with simulation. This filter could be used as part of a gap waveguide based structure.

1. INTRODUCTION

Filters are building blocks of many microwave and millimeter-wave components and networks for
different applications. Waveguide and microstrip filters are known as the most common types of these
components [1-3]. The use of hollow waveguides is critical in the design of millimeter-wave filters
to eliminate the dielectric loss. However, at high frequencies, due to short wavelengths and small
dimensions, the fabrication process of conventional waveguide components is a challenge.

Recently, manufacturing problems in mm-wave designs motivated the consideration of gap
waveguide technology [4,5]. Gap waveguide technology is based on parallel-plate waveguide
configuration and using a periodic array of electromagnetic bandgap structure to control the direction of
propagation. In fact, this technology overcomes the problem of good electrical contact associated with
mechanical assembly in different microwave components especially at high frequencies [6-11]. There
are many modern manufacturing technologies that can be used to produce planar surfaces with small
texture, such as die sink Electrical Discharge Manufacturing (EDM), Electron Beam Melting (EBM),
multilayer die pressing, and 3D screen-printing.

This paper presents a Ku-band GGW filter fed by a rectangular waveguide through a designed
transition from GGW to WR-62.

The paper is organized as follows. Section 2 deals with the design of GGW structure with the desired
bandgap. The performances of the filter and transition are discussed in Section 3, and the simulation
and measurement results are presented in Section 4. Finally, Section 5 provides the conclusion.

2. GROOVE GAP WAVEGUIDE STRUCTURE

The geometry of the GGW is depicted in Fig. 1. In this structure, the field propagates inside a groove
created within the textured surface of metal pins. Unlike ordinary rectangular waveguides, electrical
contact between the walls of a GGW is not necessary.

To achieve a stopband from 10 to 20 GHz, the dimensions of the pins and gap size should be
appropriately selected. The pin dimensions are chosen according to the guidelines in [5]. Full-wave
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Figure 1. The geometry GGW structure.
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Figure 2. Dispersion diagram of the unit cell of the periodic pins of GGW structure (¢ = 2mm, d = 6,
p=4and g=1).

simulation of the designed subarray is performed by using the time-domain solver of the CST Microwave
Studio which uses a finite element method. The dispersion diagrams of an infinite two-dimensional pin
array are calculated and shown in Fig. 2.

3. DESIGN OF KU-BAND FILTER AND TRANSITION

3.1. Filter Configuration

The geometric configuration and schematic diagram of the proposed bandpass filter are shown in
Fig. 3(a). It conmsists of four cavities. The coupling strength among the cavities can be adjusted
by the width of the inductive windows. The operating frequency is inversely proportional to the width
and interspace of the inductive windows. In fact, some extra tuning pins are located near the side walls
of the groove to provide the appropriate coupling among the cavities.

3.2. Transition

In order to excite GGW filter, the structure should have an appropriate transition from GGW to
a standard rectangular waveguide. The transition transforms the electromagnetic fields from the
rectangular waveguide mode to the GGW mode. The geometry of a transition used for the excitation of
the filter is inserted in Fig. 3(b). Each port of the filter structure is interconnected with one transition
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Figure 3. (a) The Perspective of the proposed bandpass filter; (b) The geometry of transition from
GGW to a rectangular waveguide (WR-62); (c) The geometry of the proposed bandpass filter.
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Figure 4. Reflection and transmission coefficient of transition from GGW to WR-62.

to WR-62. In this structure, a metal brick section with an extension to the waveguide opening is placed
on the bottom wall of the GGW. For achieving the desired matching, parameters ls1, l;2, wy and hy
should be optimized.

The simulation results show a 20dB return loss with an insertion loss better than 0.01 dB achieved
between 13.5-14.5 GHz as shown in Fig. 4. In addition, the electric field distribution inside the structure
at frequency 14 GHz is shown in Fig. 5.
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Figure 5. Simulated electric field distribution of the proposed transition at the center frequency
14 GHz.

4. SIMULATION AND MEASUREMENT RESULTS

The final values of the overall structure dimensions shown in Fig. 3(c) are listed in Table 1. It is
designed at 14 GHz with the aid of CST MWS. In addition, The simulation results are validated by
experimental measurement. The overall view of the fabricated filter is shown in Fig. 6. The structure
size is 120 mm x 50 mm x 10 mm. It was manufactured using standard milling machine techniques. The

Table 1. Design parameters of Ku-band filter.

Component Parameter Value (mm)
Height 7
Groove Width 18.43
Pins Dimensions 2x2x6
t 2.03
Il 9.44
. . lo 11.27
Coupling Windows 5 9 47
59 4.11
s3 4.28
Thickness 1
Top Metal Plates Width 50
Length 120
Wy 1.1
o, ht 1
Transition It 195
Ity 2.73
Length 15.8

Waveguide (WR-62) Width 79
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Figure 7. Simulated and measured reflection and transmission coefficients of the proposed bandpass
filter.

input reflection coefficient of the filter structure was measured by a mmWave band Agilent network
analyzer. Fig. 7 shows the simulated and measured results of overall structure. Observe that within
13.8-14.2 GHz, the simulated reflection is less than —20 dB, and the insertion loss is less than 0.05dB.
Good agreement has been achieved between simulation and measurement. The differences between the
measured and simulated results are because of the fabrication inaccuracies and assembling tolerances.

The electric field distributions inside the structure at frequencies of 14 GHz and 3.5 GHz are shown
in Fig. 8. Observe that the electromagnetic wave propagates within the specified bandpass, but it is
rejected at other frequencies.
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Figure 8. Simulated electric field distribution of the proposed bandpass filter at frequencies: (a) 14 GHz
and (b) 13.5 GHz.

5. CONCLUSION

A Ku-band filter has been proposed and demonstrated using the groove gap waveguide technology. In
order to tune the resonant frequency of each resonator, the size of the cavities has been optimized. The
simulated insertion loss of the designed filter is less than 0.05 dB in the band 13.8-14.2 GHz. The overall
performance of the filter and transition is quite promising, and this can open up new development of
such components in the future.
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