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Abstract—Inverted microstrip gap waveguide is mechanically
flexible millimeter wave transmission line. This paper describes
a single-layer slot antenna array unit cell at 60-GHz designed
by using this inverted microstrip gap waveguide technology. This
antenna unit mainly consists of a 2x2 slot layer and corporate-
feed networks. The unit-cell shows more than 14.6% bandwidth
over 57-66 GHz band with 10-dB return loss. Infinite array
environment has been utilized later to determine overall efficiency
for bigger 16x16 antenna array which is around 70% with a
directivity value of 33.5 dBi between 57 - 66 GHz.

Index Terms—-Artificial Magnetic Conductor (AMC), gap
waveguide, high efficiency, millimeter wave, slot array antenna.

I. INTRODUCTION

Currently, the 60-GHz frequency band has gained increased
attention in the research community due to its potential ben-
efits for many upcoming applications, such as video stream-
ing, high-speed Internet, high-definition multimedia interface,
wireless gigabit Ethernet, etc. One of the key elements for
such wireless applications is the antenna, which should be
able to provide high gain, high radiation efficiency, and
wide bandwidth characteristics. Consequently, planar array
antenna is a suitable candidate. Microstrip antenna arrays
and waveguide slot arrays are the two main planar antenna
technologies, which have been used extensively over a wide
range of frequencies. The microstrip feed networks suffer from
high ohmic and dielectric losses at high frequency. Spurious
radiations and leakage in the form of surface waves are also
major concerns in microstrip antennas. On the other hand,
waveguide slot arrays have lower loss and high efficiency.
However, wide band waveguide slot arrays require corpo-
rate feed networks that are mechanically very complex. At
high frequencies, such networks require accurate (and thereby
expensive) manufacturing so as to achieve good electrical
contacts between the slotted metal plate and the bottom feed
structure.

Based on the above discussion, existing corporate-feed
network technologies have limitations with respect to band-
width and mechanical simplicity, giving an opportunity for the
proposed gap waveguide technology [1]. The gap waveguide
technology utilizes the basic cutoff of a perfect electrical con-
ductor, perfect magnetic conductor (PEC-PMC) parallel-plate
waveguide configuration to control desired electromagnetic
propagation between the two parallel plates [1]. In the realized
gap waveguide, the PEC-PMC cutoff can be achieved by a
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periodic structure, such as metal pins or mushrooms surfaces.
However, the textured surface must also incorporate guiding
structures in the form of ridges, grooves or strips. These guid-
ing structures thereby define three different gap waveguides
or transmission lines, referred to as ridge, groove and inverted
microstrip gap waveguides [2]. The present paper deals with
inverted microstrip gap waveguide. Consequently, gap waveg-
uide technology offers mechanically flexible guiding structures
where good electrical contact between the metallic blocks
is not an issue at all. Until now there have already been
lots of applications of gap waveguide technology for MMIC
packaging [3] antennas [4]-[7] and filters [8]. We should also
mention here that all types of antennas in [4]-[7] are multi-
layered. In the present paper, a unit cell for slot antenna array
directly fed by inverted microstrip gap waveguide will be
introduced.

II. ANTENNA CONFIGURATION
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Fig. 1. Detailed 3-D view of single-layer slot array unit cell.
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The 2 x 2 slot array unit cell is illustrated separately in 3D
view in Fig. 1. The structure briefly consists of three layers.
The top layer contains four radiating slots. These four radiating
slots is directly fed by the distribution networks, which have
been designed by using the inverted microstrip gap waveguide.
Below the PCB, there is a bottom metal layer with a uniform
grid of pins. The radiating slots are uniformly spaced in both
z and y directions. Their distances are kept less than one
wavelength in order to minimize the grating lobe level and
at the same time the element spacing are optimized to get the
highest possible directivity of a large 16 x 16 slots array. The
size of the radiating slots is 2.5 x 1.37 mm? and the distances
between every two slots in x and y directions are 4.5 mm. The
designed unit cell has the dimensions of 9 x 9 mm? in both
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Fig. 2. Simulated directivity and reflection coefficient of 2 X 2 sub-array.

E- and H- planes respectively. The pins in the metal plate have
the dimensions of 0.5 x 0.5 x 0.9 mm3. The period of pins
has been kept 0.9 mm in both E- and H-planes respectively.
The air gap between substrate and metallic lid is chosen equal
to 0.2 mm. Roger 4003 with the thickness of 0.254 mm is
utilized as the substrate for inverted microstrip feed line.

ITII. SIMULATED RESULTS

In numerical simulation, the 2x2 element slot array is
excited by an optimized waveguide port [9] at the inverted
microstrip gap waveguide. The simulated reflection coefficient
of the designed unit cell is shown in Fig. 2. We observe that
S11 is below -10 dB over the frequency range 57-66 GHz.
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Fig. 3. Simulated radiation patterns in E-plane for 16X 16 slot array.
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Fig. 4. Simulated radiation patterns in H-plane for 16X 16 slot array.
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The antenna unit cell has been simulated in an infinite array
condition with periodic boundary condition. The simulated
radiation patterns for the 16 x 16 slot array in E and H-plane
are shown in Fig. 3 and Fig. 4, respectively. We have observed
that the grating lobe levels (GL) in E- and H-planes becomes
high at 66 GHz. The main reason for this problem is that
the wavelength A\ [f = 66GHz] = 4.55 mm is almost identical
to the distance between two slots in z and y directions (4.5
mm). Also, the space for feed networks is so limited between
the air gap that the mutual coupling effect between the lines
of the feed networks is ineluctable. Thereby, the radiation
pattern of single-layer antenna is a little bit unsymmetrical.
The simulated aperture efficiency of the 16 x 16 slot array is
higher than 70%.

IV. CONCLUSION

In this work we have numerically designed the radiating
elements of a single-layer planar slot array unit cell at 60
GHz. The inverted microstrip gap waveguide is applied for the
feeding. Full-wave simulated results show promising results
over the bandwidth over 57.7 ? 65.7 GHz. The proposed
antenna unit cell is suitable for 60-GHz applications.
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