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Abstract

The use of periodic elements loading rectangular wavegu@einiaturize them allowing the prop-

agation of new (backward) modes has been proposed sevaral ggo. However all the proposed
solutions have a strong limitation in terms of bandwidth andedance matching. We propose for
the first time a wide band miniaturized waveguide based omnsleeof artificial surfaces and the gap
waveguide philosophy.

1. Introduction

The big amount of work on the last decade about periodic tstres, artificial surfaces and metamaterials
has produced many results with revolutionary approachesassical designs. One of the promising
ideas was the possibility of using Artificial Magnetic Cowrthrs (AMC) to emulate Perfect Magnetic
Conductor (PMC) boundary condition in the vertical wallsooflinary rectangular waveguides. In this
way, the propagation of a mode fulfilling boundary condiiavill be possible at a frequency much lower
than the ordinary cutoff which is given by the waveguide Widhd this lower frequency will be defined
by the AMC surface. Different authors have tried to use thémipreviously with relative success [1]-[5]
as in all the examples in the literature, the solutions hawere problems with the bandwidth of the
mode because the AMC solution was very narrow band.

Recently, a new type of technology is being developed basedlated concepts. By playing with AMC
and PEC conditions, the propagation of parallel plate maéglesntrolled and stopped in a frequency
range where also two opposite PEC boundaries are allowedrtoifppropagation. This is known as
gap waveguide and both thedge and thegroove versions of it have been carefully studied [6, 7, 8] in
all cases implementing the AMC condition with a bed of nallsom those studies we know that the
geometries allowing a gap to the metal plate give as resuge laandwidths for the PMC condition.
Inspired in this idea, this work proposes the initial studyhmw to replace two walls of a rectangular
waveguide by an AMC separated a gafpom the metal. The idea is described in figure 3 where also the
general idea when dealing with miniaturizing waveguideshwvn. The type of AMC selected for these
initial studies is the mushroom-type surface, as it is flat fis well with this application.

2. Desing of the AMC surface

The first step in designing the structure is the selectioh@htushroom-type periodic surface to provide
the AMC condition. The structure must be analyzed with anenppetal plate as it was studied for
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Fig. 1. Hard waveguide designs

gap waveguide designs in [9]. In this initial study we look & structure which provides a quite wide
band. According to [9] the bandwidth was mainly dependenthenthickness and permittivity of the
substrate were the mushrooms are printed. A low permittiwith a relatively thick substrate gives
the largest bandwidth. However, this results in considgraig mushrooms and limits the aperture size.
Consequently we propose a compromise by using a matertatkitknesg=1mm and with permittivity
e-=4.4. We select as frequency band the one around 10GHz. $perdion diagram will depend as well
on the “gap” (the distance to the upper plate) as discussactkhg [9] and we have selected 0.5mm to
this aim. Figure 2 shows the dispersion diagram for an examplvhich we have selected as patch size
w= 2.25mm,p=2.5mm and as radius of the vi&0.25mm. With such values, the stop band goes from
approximately 9GHz to 24GHz for the considered gap=d.5mm as shown in Figure 2.
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(a) Mushroom-EBG (b) Dispersion Diagram

Fig. 2: Stop band defined by the mushroom-type EBG with a gdmarupper plate

3. Considerations of design and field distribution

The aperture of the proposed waveguid&lisoy H as shown in Figur@? being bothw and H j0.5)
within the operation band. However, when some dielectramided to the aperture we need to recompute
the modes to see the cutoff frequency of the dominant one. Mjeope initially a waveguide with
dimensions aré by 5 plus the gap and plus the two dielectric layers. Consideaihghese factors
we have calculated the cutoff frequency of the dominant nfodsuch aperture (with PEC in the four
walls) by running a simulation and the result gives 15GHzsTill be the upper limit for the band of
the created mode. The dispersion diagram of the structigdéan computed and is presented in Fig
3. We clearly see how all the parallel plate modes go to c@béfround 9.6 GHz, when a hew mode



starts to propagate. This frequency is determined by théhroom-EBG structure as shown in Fig 2.
The momonode band covers from approximately that frequamaymost 13.5GHz. In the same Figure
the dashed lines mean the dispersion diagram for the samerapleut with heightZ=3mm and for this
case the upper limit of this monomode band is above 15GHz.

The field distribution in such frequency range is includedvadl in the Figure. BothE and H fields
have zero components indirection and the field is horizontally polarized (accogdin the natural way
of manufacturing this by layers) and field distribution istquniform.
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Fig. 3: Waveguide designed with the double mushroom-EB®@ses. Aperture size i5x5 for solid
lines andbx3 for dashed lines.

4. Conclusion

A new geometry based on the concept of gap waveguide has lbepospd to allow the propagation
of quasi-TEM modes in a rectangular waveguide within a widedo The design is based in previous
works which have used AMC on the walls of the waveguide to maribe cutoff condition, but the initial
studies of the proposed modification provide for the firstetiemough bandwidth. Besides, the design
has the advantage of gap waveguides of being a contacteldssdlogy. The results can be seen as well
as the horizontally-polarized version of the ridge gap wange. These are preliminary results and the
possibilities and limitations of this geometry are curhgbing investigated.

Acknowledgement

Part of this work has been funded by under project XXX

References

[1] Kehn, M.N.M.; Kildal, P.-S.; , "Miniaturized rectangat hard waveguides for use in multifrequency phased
arrays,” Antennas and Propagation, IEEE Transactions oh53; no.1, pp. 100- 109, Jan. 2005

[2] Ng Mou Kehn; Nannetti, M.; Cucini, A.; Maci, S.; Kildal,.$5.; , "Analysis of dispersion in dipole-FSS
loaded hard rectangular waveguide,” Antennas and ProjpagdEEE Trans. on , vol.54, no.8, pp.2275-
2282, Aug. 2006



[3]

[4]
[5]
[6]

[7]

(8]

[9]

Quevedo-Teruel, O.; Rajo-Iglesias, E.; Ng Mou Kehn, MNumerical and experimental studies of split ring
resonators loaded on the sidewalls of rectangular wavegtiiMicrowaves, Antennas Propagation, IET ,

vol.3, no.8, pp.1262-1270, December 2009

Rajo-lglesias, E.; Quevedo-Teruel, O.; Kehn, M.; , "Miodnd SRR Loaded Rectangular Waveguide,” An-
tennas and Propagation, IEEE Transactions on , vol.57, pp.5571-1575, May 2009

Hrabar, S.; Bartolic, J.; Sipus, Z.; , "Waveguide minidration using uniaxial negative permeability meta-
material,” Antennas and Propagation, IEEE Transactions/oh53, no.1, pp. 110- 119, Jan. 2005

Kildal, P.-S.; Alfonso, E.; Valero-Nogueira, A.; Rajglesias, E.; , "Local Metamaterial-Based Waveguides
in Gaps Between Parallel Metal Plates,” Antennas and Wiselrop. Letters, IEEE , vol.8, no., pp.84-87,
2009

Kildal, P.-S.; Zaman, A.U.; Rajo-Iglesias, E.; Alfonda.; Valero-Nogueira, A.; , "Design and experimen-
tal verification of ridge gap waveguide in bed of nails for glksl-plate mode suppression,” Microwaves,

Antennas Propagation, IET , vol.5, no.3, pp.262-270, Fél2@ 1
Polemi, A. and Maci, S. and Kildal, P.-S.;. "Dispersioh&acteristics of a Metamaterial-Based Parallel-Plate

Ridge Gap Waveguide Realized by Bed of Nails”,Antennas angdyation, IEEE Transactions on, vol. 59,

no.3, pp.904-913, March 2011.
Rajo-lglesias, E.; Kildal, P.-S.;, "Numerical studiebandwidth of parallel-plate cut-off realised by a bed of

nails, corrugations and mushroom-type electromagnetiddap for use in gap waveguides,”, Microwaves,
Antennas Propagation, IET , vol.5, no.3, pp.282-289, Fél2@ 1



