
44

Copyright © 2020, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

Chapter  3

DOI: 10.4018/978-1-7998-1152-7.ch003

ABSTRACT

Millimeter-wave antennas are the trend nowadays because of the necessity of higher data rates. Designing 
a supplementary efficient antenna capable of dealing with dual bands has several challenges. This chap-
ter reports the problematic approaches introduced in the field of a millimeter wave design. Prevailing 
investigations in millimeter-waves and MIMO antennas have a tendency to emphasize discovering how to 
increase the data rate without the need of increasing the bandwidth and what type of antenna preferred 
in the 5G band. However, there is a little indication that researchers have come close to the issue of 
antenna integration in the mobile handset with the intent of adding multiple antennas with multi-band 
capability in a small space. Accordingly, the target of this chapter is to offer a summary of how the 
small-dimensional MIMO antennas with band duality for 5G mobile communications can be intended, 
designed, sustained and fabricated.

INTRODUCTION

5G antennas are still a new conception in the mobile applications industry and prevailing expectations 
about 5G antennas and MIMOs are associated generally with electronic devices with the limited space 
and with a minimized isolation. Weightless antennas to be synthesized with compact handheld devices are 

Review on 5G Millimeter-
Wave Antennas:

MIMO Antennas

Mohamed Ismail Ahmed
Electronics Research Institute, Egypt

Hala Mohammed Elsayed Mohammed Marzouk
Zagazig University, Egypt

Abdelhamid A. Shaalan
Faculty of Engineering, Delta University for Science and Technology, Egypt



45

Review on 5G Millimeter-Wave Antennas
 

used for modernistic mobile applications. Latest considerations and research in 5G antenna design field 
display the improved demands of emerging and designing antennas able to deal with the millimeter-wave 
frequencies with reduced size, graceful weight and inexpensive fabrication cost whereas keeping respect-
able efficiency, performance, and simplicity of installation. Traditional antenna elements comprising 
dipoles, monopoles, patches, and PIFAs are normally exploited in 5G and MIMO systems. Conversely, 
standing exploration gives narrow insight into when and why to use these or other applicant antenna 
forms (Landon, 2008). While market data was indicated that there is an intense variation in antennas 
demography and topologies.

This Chapter introduces almost of research activities in 5G mobile communication designs. First, 
a historical background about phased and AFSL constructions is reviewed. Second, the historical 
background of microstrip antennas is discussed. Finally, the fifth generation and MIMO systems for 
mobile communications are reviewed. To report the coupling and impedance concerns so fundamental 
to closely-spaced antennas on compacted platforms, both (Waldschmidt, Schulteis, & Wiesbeck, 2004) 
and (Wallace & Jensen, 2004) individually put forward system channel prototypes in S-parameter form 
(Pozar, 2009). Handheld schemes do not take the luxury of substantial inter-element spacing. Succeeding 
the diversity literature, one might use a consistent array with a more restrain spacing of 0.25 λ of 0.13 λ. 
Still, there is no convincing motivation to use a regular array particularly when handhelds are commonly 
not square and when antennas participate for space with different electronic components together with 
liquid crystal display LCD and a battery. Such restrictions may force a designer to use microstrip or 
ineffective, reduced antennas (Landon, 2008). Customary antennas achieve very poorly when subjected 
to arbitrary handset positioning.

BACKGROUND OF AIR-FILLED-SLOTTED-LOOP MIMO ANTENNAS

Allowing for the significance and role of cellular phones in the mobile network industry and production, 
mm-wave handsets antennas are considered as the movement shifting scheme for 5G networks. The use 
of a millimeter-wave transceivers with mobile phones offers great challenges which need to be awarded. 
Surrounded by the vital factors considered in the mm-wave networks establishing, the antenna designs 
necessitate broadly adjustments (Naqvi & Lim, 2018). Arrays thru multiple beams can be recognized at 
mm-wave frequencies utilizing analog or digital system architectures. This section review introduces the 
state of the art of phased and AFSL arrays in millimeter-wave mobile terminals (MSs). The phased and 
air-filled-slotted-loop AFSL arrays procedures have been very corporate in the design in warships and 
military jet aircraft and the defense area emphasis on phased array radars. These systems are recognized 
to remunerate for the path differences happened in free space. The path loss is condensed by using di-
rectional high gain antennas. The antennas with high directional gain are used at the transmitter as well 
as at the receiver, leading to greater SINR, and better data security, and maybe adopted in long-range 
millimeter-wave point to point (P2P) communications with LOS links.

Uniform spacing is reserved between consecutive elements of the antenna. The AFSL design involves 
different radiating elements with numerous types of array feeding constructions. To enhance the wireless 
communicating systems performance, advanced antenna arrays are adapted, with names of phased arrays 
(AFSL arrays), beamforming arrays, and multi-input-multi-output (MIMO) transceivers.

Certain designs recognize just two antennas on a small handheld or three on a larger handheld. In 
contrast, the design in (Browne, Manteghi, Fitz, & Rahmat-Samii, 2006) concludes four multi-band 
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