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Abstract—This paper presents a new configuration for
creating parallel multilayer waveguides (MLW) using glidesymmetric structures with the aim of reducing the space
separation between parallel waveguides. A multilayer
rectangular waveguide is made by stacking several thin sheets
of metal. To avoid the need for electrical contacts between these
sheets, we use a new glide-symmetric structure that produces a
stop-band at the desired frequency band. This configuration
tries to reduce the space occupied by the periodical structures to
minimize the separation between parallel waveguides in arrays.
The proposed structure is easy to fabricate and has low
transmission losses even at high frequencies. To demonstrate the
feasibility of the proposed solution, a rectangular multilayer
waveguide section at 90 GHz was designed and simulated using
the proposed unit cell.
Index Terms—Glide-symmetry, Electromagnetic Band Gap
(EBG), multi-layer waveguide (MLW), gap waveguide
technology.

I. INTRODUCTION
The evolution of antenna systems drives the development
of new technologies for implementation in millimeter and submillimeter wavebands. Gap waveguide technology is a
solution that has been extensively developed in the last decade
[1]. It takes advantage of the electromagnetic bandgap (EBG)
behaviour of certain periodic structures so good electrical
contact between parts is not necessary. The first developments
with this technology were based on periodic pin structures or
bed of nails [2-3], which required at least 2 or 3 rows of pins
on the sides of the transmission line to reduce to an acceptable
level the leakage of electromagnetic fields. However, bed of
nails may be difficult and expensive to manufacture at
extremely high frequencies as the pins may be very thin. To
overcome this limitation, several solutions have been
proposed. One is the replacement of CNC-based
manufacturing methods on aluminium by additive
manufacturing [4]. Another solution is to use higher
symmetries. These symmetries were introduced as periodic
structures in the 60s and 70s [5-6], but they have now acquired
great interest and are being studied and developed in depth [78] thanks to the emergence of new electromagnetic computing
tools. A particular case of higher symmetry, glide symmetry,
is achieved with the reflection and translation of a unit cell.
Glide symmetry has proven to modify and improve the
electromagnetic properties of antennas and microwave
devices. For example, glide symmetry can be used to reduce
the dispersion of periodic structures [9-10], modify the

refractive index for lens designing [11-12] and produce
structures with an enhanced EBG response [13-15]. The use
of glide-symmetric holes was proposed as a substitute for bed
of nails in gap waveguide technology [13]. In the proposed
solution in [13], holes in one layer are mirrored and translated
by half of the unit cell period in both x and y directions. This
idea was applied in [16] to a multilayered structure, where the
periodic glide-symmetric holes were used to avoid leakage
between layers in rectangular waveguides. This novel
configuration results in a suitable low-cost guiding structure
with low losses and a flexible mechanical assembly for
millimeter-wave applications. The main problem with gap
waveguide technology, in all its variants, is the large space
occupied by the EGB surfaces on the sides of the transmission
lines. This is crucial in waveguide arrays antennas, where
excessive separation between parallel waveguides caused by
pins or periodic holes results in the appearance of grating
lobes.
In this work, based on the results obtained in [16], a similar
structure is proposed with the objective of minimizing the size
of the unit cell and reducing the space separation between
parallel multi-layer waveguide (MLW). In this structure, the
cell geometry of the proposed glide-symmetric unit cell is
characterized by replacing the previous circular holes with
elliptical holes. In this way, we are able to reduce the space
between the parallel waveguides, maximizing the use of space
and integration capacity.
This document is divided into four sections. In section II,
the geometry of the unit cell with glide-symmetry is presented,
including a comparison between a structure with circular and
elliptical holes. Section III presents the results of the
simulation of an MLW straight line covering the entire Wband (75 to 110 GHz), using both circular and elliptical holes.
In section IV, a study of the electromagnetic coupling between
two adjacent waveguides, using both circular and elliptical
holes, is carried out. Finally, conclusions are drawn in section
V.
II. ELLIPTIC HOLES VS CIRCULAR HOLES
Fig.1 shows the unit cell based on the geometry proposed
in [16]. The unit cell in [16] consist of 5 metal layers 0.2 mm
thick for working at D-band. In our case, we use a unit cell
with 8 metal layers 0.2 mm thick, separated with small gaps.
All the layers contain a circular hole with an arrangement in
glide-symmetry. The parameters of this periodic structure
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have been optimized to maximize the bandwidth of the stopband in W-band, obtaining the following values: thickness of
the metal layer h = 0.2 mm, air gap between layers of 0.01
mm, holes diameter R = 1.39 mm and periodicity between
unit cells p = 1.88 mm.

The two structures in Fig. 1 and Fig. 2 have a stop-band
that is enhanced due to the glide symmetry. In our proposed
unit cell, the space occupied in the direction of interest is
smaller. To carry out the analysis of the proposed unit cell, we
must take into account that the irreducible Brillouin zone
needs four sections, instead of the three necessary in the
circular unit cell, given that the elliptical unit cell does not
possess diagonal symmetry.
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Fig. 3. Dispersion diagrams of the unit cell of the glide-symmetric holey
structure with elliptical holes.
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Fig. 1. Unit cell of the circular structure and parameterization proposed in
[16]. View in perspective (a), diagonal cut (b), top view of one layer (c) and
the corresponding glide-symmetric layer (d).
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Fig. 2 shows the geometry of the unit cell proposed in this
work with ellipses instead of holes. Using this configuration,
it is possible to reduce the space occupied by each unit cell in
one direction. The parameters of this periodic structure have
been optimized to obtain the same starting frequency of the
stop-band in the circular holey case for a fair comparison. The
obtained parameters are thickness of the metal sheets h = 0.2
mm, air gap between layers of 0.01 mm, semi-major axis RA
= 1.7 mm, semi-minor axis RB = 0.58 mm, (effective width of
the ellipse Weff = 0.97 mm), and a periodicity between unit
cells PA = 2.635 mm in one direction, and PB = 0.98 mm in the
other.
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Fig. 4. Dispersion diagrams of the unit cell of the glide-symmetric holey
structure with circular holes.
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Fig. 2. Unit cell of the proposed elliptical structure and parameterization.
View in perspective (a), diagonal cut (b), top view of one layer (c) and the
corresponding glide-symmetric layer (d).
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The obtained stop-band with the implemented dimensions
goes from 76 to 141 GHz in the case of circular holes (Fig. 4),
while, with elliptical holes (Fig. 3), we obtained a stop-band
that goes from 76 to 134 GHz. The optimized dimensions
obtained both for the case of structure with circular holes and
for the case of elliptical holes, are used for the rest of the
waveguides that we propose in this paper.
III. ELLIPTIC HOLES IN A WAVEGUIDE CONFIGURATION
In order to study the performance of the glide-symmetric
holes, an approximately 50 mm straight line waveguide is
considered. The dimensions of the waveguide correspond to
WR-10 (2.54 mm x 1.27 mm) for the W band (75-110 GHz).
To carry out this analysis, different waveguide structures are
considered: glide-symmetric holey structure with circular
holes, glide-symmetric holey structure with elliptical holes,
and a waveguide without EBG.
The prototype of the MLW transmission line proposed in
[16] uses two rows of periodic cylindrical holes in glide-
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symmetric configuration. In this paper, we evaluate the
behaviour of MLW transmission lines using one and two rows
of circular and elliptical holes. The possibility of using a single
row is important if the available space is critical. The
waveguides with elliptical and circular holes were designed
with two rows as illustrated in Fig. 5 (b, d), and one row as
illustrated in (Fig. 5 (a, c). The inner structures of the layers
for the sections with one row are shown in detail in Fig. 6
(circular case) and Fig. 7 (elliptical case).

(a)

(c)

Slightly worse behaviour is observed in structures with
elliptical holes than with circular ones, but they offer a size
reduction of the EBG by a factor 0.7. For a better comparison
of the results obtained with both glide-symmetric MLWs, the
results are zoomed in Fig. 9.

(b)

(d)

Fig. 5. MLW transmission line. One (a) and two (b) rows of circular holes;
one (c) and two (d) rows of elliptical holes.

Fig. 6. Perspective view of the MLW transmission line with circular holes and
its top view of different layers.

Fig. 8. Simulated transmission parameter of the MLW for each glidesymmetric configuration and the case of no holes.

Fig. 9. Zoom on the transmission parameter of the MLW for each glidesymmetric configuration.

IV. COUPLING BETWEEN ADJACENT WAVEGUIDES

Fig. 7. Perspective view of the MLW transmission line with elliptical holes
and its top view of different layers.

The S-parameters of the four structures illustrated Fig. 5
are compared in Fig. 9. As a reference, we include the result
of the same MLW without any EBG, but conserving the 0.01
mm gap between layers. The S21 parameters of the waveguides
with two rows are higher than with one row, however the
result is sufficiently good with one row in the upper part of the
frequency band. Compared to the case without holes, where
the transmission losses are between 10 and 20 dB due to field
leakage, the utility of these periodic structures is proven.

Since the waveguides using this technology are not
completely shielded, we study here the crosstalk
characteristic between parallel waveguides sharing a
common structure. The crosstalk is analyzed in terms of
mutual coupling of three adjacent waveguides. We compare
the crosstalk between waveguides with circular and elliptical
glide-symmetric holey structures with one and two rows. In
addition, we compare the results obtained with the ones
obtained for an MLW transmission line without holes. The
distance between the center of the waveguides is 4.33 mm in
the case of circular holes, Fig. 10 (a), while with elliptical
holes, Fig. 10 (b), the distance is 3.91 mm. Fig. 10 (c)
corresponds to the MLW with fully metal sheets without
holes. In the latter, the separation between waveguides is 3.91
mm as in the case of elliptical holes.
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Fig. 10. Crosstalk between waveguides with a glide-symmetric holey structure
with (a) one row of circular holes (b) one row of elliptic holes. (c) MLW
transmission line without holes. All the fields are at 92.5 GHz.

In the case of using a MLW transmission line with no
holes, we cannot confine the field in each of the guides, and
the crosstalk obtained between the three waveguides is quite
high. However, by using the glide-symmetric configuration,
circular or elliptical holes, the field is confined. However, the
crosstalk between guides is still considerable. For this reason,
the design of the waveguides was carried out using two rows
as illustrated in Fig. 11. Here, the distance between centers of
the waveguides is 5.66 mm in the case of circular holes, Fig.
11 (a), while with the elliptical holes, Fig 11 (b), the distance
is 4.83 mm. Again, the MLW design without holes, Fig. 11
(c), preserves the separation between waveguides existing in
the model with elliptical holes in Fig. 11 (b).
When using two rows of glide-symmetric holes, the fields
are satisfactory confined, and the crosstalk between the three
waveguides is low at 92.5 GHz. The case in Fig. 11 (c)
without holes remains with leakage between waveguides.
Fig. 12 shows the frequency response of the six structures in
Fig 10 and Fig 11 in terms of transmission losses. Fig. 13
represents the crosstalk between the central and the adjacent
waveguide. Configurations with two rows have an adequate
behaviour almost in the whole band, with the exception of the
elliptic case in the lower part of the band. The crosstalk is
below -20 dB in most of the band and below -30 in the upper
half of the band. Configurations with a row of holes have a
worse performance, especially the design with elliptical
holes. In this case, the acceptable operation is only between
90 and 105 GHz, with losses less than 1 dB and a crosstalk
below -10 dB.

(c)
Fig. 11. Crosstalk between waveguides with a glide-symmetric holey structure
with (a) two rows of circular holes (b) two rows of elliptic holes. (c) MLW
transmission line without holes. All the fields are at 92.5 GHz.

In the design of circular holes, the adequate operation is
only lost at the beginning of the band, between 75 and 85
GHz. This is due to the fact that the start of the stop-band is
at 76 GHz, very close to the initial frequency of the simulated
band. Regarding the configurations with no holes, they have
a poor response for both separations corresponding with the
case of one and two rows of ellipses.
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Fig. 12. Transmission coefficient of designs in Fig. 10 and Fig. 11.
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