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Abstract—In this paper, a 4 × 4-element waveguide-aperture
array antenna is designed for applications in the 60 GHz band. To
simplify the design process of the feed network, instead of using
a conventional waveguide power divider, an efficient approach
is proposed where the antenna is fed with two layers of back
cavities to distribute power uniformly among the array aperture.
The connection between cavities is obtained by a set of coupling
slots. A standard WR-15 rectangular waveguide is designed to
excite the antenna at the input port over the operating frequency.
Furthermore, to improve the antenna gain characteristics and
reduce size, array aperture is loaded with a dielectric plate. The
most significant advantage of using this design is its efficient
radiation patterns and the ability to decrease complexity of
feeding network. Simulated results demonstrate that the antenna
gain is larger than 25 dB over the frequency range from 58 to
64 GHz. This high gain antenna combined with the simplicity
of feeding network is greatly advantageous to millimeter wave
applications.

Index Terms—Cavity-backed, waveguide aperture, high-gain,
millimeter-wave.

I. INTRODUCTION

In recent years, millimeter wave (mm-wave) wireless tech-

nology is considered as an attractive field for the next gen-

eration of wireless communication systems. With the grow-

ing demand for mm-wave wireless systems, there has been

significant interest in designing RF components and antennas

in mm-wave spectrum. However, mm-wave frequencies suffer

from high path loss, which creates the needs for a new class

of antenns for this band to overcome this loss [1]. Design

requirements for such antennas include highly directional

pattern with high radiation efficiency. Antennas with high

gain property produce very directive narrow beam that can

overcome severe path loss at mm-wave frequencies. Based

on this demand, planar array antennas such as microstrip and

substrate integrated waveguide (SIW) antennas are among the

most common low-profile and low-cost choice for high gain

applications. However, their excessive losses, due to a large

feed network, and limited bandwidth limits their application

at mm-wave frequencies [2]–[6]. Antennas based on metallic

hollow waveguides on the other hand, have larger bandwidth

and lower losses at mm-wave frequencies. Recently, high

gain multi-layer cavity-backed waveguide-based antennas have

been a subject of extensive research at mm-wave frequencies

[7]–[10]. Multi-layer structures enhance the freedom within

Fig. 1: 3-D view of the proposed antenna.

the design process which in turn improves antenna perfor-

mance in terms of bandwidth and radiation characteristics.

The key challenge of using multi-layer structures is assembly

process of the layers which requires a high level of precision

at mm-wave frequencies. Apart from the assembly complica-

tions, high gain array antenna with a large number of elements

requires a big distribution network leading to a complex layout

for the feed network [11]. To overcome this issue we need

to employ some techniques to reduce the number of array

elements.

This letter presents a new cavity-backed array antenna that

supports high gain and wide impedance bandwidth for the

60 GHz band. The antenna consists of a multi-layer structure

where the layers are electrically connected together. In order to

reduce the number of array elements and simplify the design

process of the feed-network, the antenna is loaded with a

dielectric plate to increase antenna gain. The present work

result in a much simpler layout of the corporate-feed network.

Simulations show that the antenna can achieve a gain of larger

than 25 dB over the frequency range of 58 to 64 GHz.

II. DESIGN AND CONFIGURATION

Fig. 1 shows the configuration of the proposed cavity-

backed 4 × 4- element array antenna. The antenna consists

of four main layers: the feeding-cavity, the coupling cavity,
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