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ABSTRACT: Wireless communication technology has advanced significantly in the last decade. As the data rate
requirements are increasing ever since, there is a need to explore data transmission at higher frequency range efficiently
to enhance channel capacity. The focus has shifted to millimeter waves to address the accelerating demand for speed in
wireless communication. Millimeter waves cover a wide frequency range; thus, the main challenge is to develop a
compact antenna technology suitable for small wavelengths using micromachining techniques. This paper provides an
overview of different types of antenna arrays with beam steering function in mm-wave communication. It also gives a
comprehensive study of antenna designs for gain, bandwidth, and isolation improvements in mm waves.
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I. INTRODUCTION

The mobile service provider market is growing day by day, becoming competitive in the process. Every service
provider is trying to integrate features like high quality, low latency, and multimedia applications into devices. The
rapid increase in predicted traffic and escalating consumer rate demands have made the industry more competitive.
This has led to an interest in powerful radio access technology and more spectrum availability leading to the
exploration of mm-wave. Table I shows the different frequency bands under mm wave. Millimeter wave has a
smaller wavelength and can exploit many properties such as massive MIMO, polarization, and beamforming [1].
Researchers have shown that 28GHz and 38 GHz can be pre-owned to realize directional steerable antennas at both
mobile and base stations. They also exhibit the behavior of mm waves in densely populated regions. Researchers came
up with solutions for many issues faced by mm wave, which includes increased link loss and LOS coverage. A key to
these issues is adaptive beamforming and varying phase shift [2]. Different types of antennas used in wireless
communication are in development since the earlyl880's. This paper gives an insight of different types of antenna
arrays with beam steering capability in mm wave communication and shows the antenna designs for improving gain,
bandwidth and isolation in millimetre wave. Also, there is a discussion on reconfigurable antennas and highlights the
pros and cons of each of them. The paper is organized into five sections. Types of mm wave antennas are discussed in
section II. Section III discusses the future scope of the area and section IV is about the conclusions of the study.

II. TYPES OF MM WAVE ANTENNA

The most used antenna type is the Micro strip patch antenna due to its many superior features like small size,
lightweight, robustness when mounted on surfaces, capability to support multiple frequency bands, low fabrication cost
due to mass production, etc. Critical factors that are considered in the design of an antenna include characteristics of the
patch such as its size and shape, substrate thickness, feed type, layers entrenched, etc. All these factors will affect the
performance of an antenna. Antennas used in the edge board have single-polarization and have multiple PCB layers that
will eventually alleviate radiation efficiency [3]-[5]. On the other hand, a wide beam antenna can be implemented using
Substrate Integrated Waveguide (SIW) technology [6].
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TABLEI

UNITS FOR
MAGNETIC PROPERTIES
Bands Frequency Range

(GHz)
1-2
2-4
4-8
8-12
u 12-18
18-26.5
a 26.5-40
33-50
40-60
50-75
75-110
90-140
110-170

AARXOQ®no

mTE<aO

\w)

A. Reconfigurable Antennas
In modern wireless and space applications, the reconfigurable antenna is a necessary component. Here reconfigurable
components modify their functions and structure according to requirement. There are different integration techniques
and procedures to produce reconfigurable antennas [7]: Electrical switching methods by RF mems, PIN diodes,
varactors generalized as electrical method; by photoconductive principle generalized as optical method; by alteration of
structure generalized as physical method and by ferrite and liquid change generalized as a material change.
Reconfiguration is accomplished by changing frequency, polarization, and radiation characteristics and attained by
current redistribution and electromagnetic fields. Reconfigurable antennas can broadly be classified into four types:

e Frequency reconfigurable antennas

e Radiation pattern reconfigurable antennas

e Polarization reconfigurable antennas

e Combination of above three.

These different methods have their pros and cons. RF mems give sound isolation and low loss property but slower
response than PIN and varactors. The switches have many biasing lines, affecting radiation patterns and increasing loss,
which will be more complex and power consuming. The optical switch has no bias lines, therefore, no interference, but
the activation mechanism is complex. The physical method has a slow response. Ferrite-based is of small size due to
low relative permittivity but less efficiency. In space applications, mainly RF mems switch, and physical reconfigurable
antennas are employed.

B. Antenna Arrays with Beam Steering Capability

Mm wave antenna array system is a solution to obtain high gain to compensate for signal attenuation. Beam steerability
can be achieved by varying the amplitude and phase of the elements of an antenna array. Each sub-array has its radiation
pattern that shows gain in various directions. The size of the subarray and properties of individual elements influence
the gain and bandwidth of an antenna.

1.Phased Array Antennas

The bigger the antennas, the narrower the beam. An example is the big satellite TV which is heavy and difficult to turn
in a particular direction. A better option is phased array antennas placed in a rectangular grid or simply just in a line.
Each of these sends out the same signal. They constructively and destructively interfere with each other. They all add up
together into a narrow beam in one specific direction and cancel out in all other directions. If a slight time delay is given
to the signals that are transmitted from each antenna, the direction in which they add together into a narrow beam
changes. And this direction depends on how much time delay is added to each signal.

In [8], four low-profile arrays are placed on all sides of a mobile phone that can reach full coverage with a peak gain of
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11dBi as shown in figure 1. Here single element attains 2GHz bandwidth around 28Ghz. The array on each side steer
beam within +45° range in H plane and +90° in E plane. These beam steering functions help us perceive the good link
through which the input signal comes from various angles. The main challenge faced by the directive beam in the mm-
wave array is to attain both paths for strong signal and spherical coverage. To subdue this, two design approaches and
three sub-array schemes are discussed in [9]. Another pair of designs, one with a scanning range of +25° and good
radiation characteristics using one phase shifter and other by less number of feed ports and phase shifter with scanning
range of £20 as shown in figure 4 is discussed in [10]. An 8 element open elliptical slot PIFA antenna on the device's
bottom edge, as shown in figure 5, is designed in [11]. As the slot shape is elliptical, bandwidth is improved.

2. Dipole Array and Slotted Array

A 4-element dipole array for cell phone application with 7.5dBi peak gain and coverage of 90° in elevation and 25°
in azimuth, as shown in figure 6, is described in [12]. A comparison of single slot component and 4element slotted array
cut on rectangular patch is discussed in [13]. Here a single rectangular patch element of length 19.8mm and width
22mm is placed above an FR4 substrate, and the substrate thickness is 1.6mm. Two slots are cut out vertically from the
patch, with 3mm X 16mm dimension. The resonant frequency is 3.4-3.8GHz. Similarly, a four-element array structure is
also fabricated, as shown in figure 2, to improve directivity, gain, and efficiency. The size of the 1*4 array is 60mm x
169.07mm x 1.6mm. The microstrip feeding approach is utilized here. Figure 3 displays the variation of return loss of a
single element and 1x4 array. Table II shows the performance review of a single element and 1x4 array structure [13].
The beam scanning methods are achieved by changing the width of the waveguide, by using SP2T switcher, and using
SP5T switcher. Dipole array with elements that scan using SP5T switcher and not phase shifter is discussed in [14].

Top metallic cover

3D view

3D Front view

Fig.1.Geometry of a 4-element array Fig.2.Geometry of 1x4 array structure
TABLE II
PERFORMANCE PARAMETERS OF SINGLE ELEMENT AND
1X4 ARRAY
Characteristics Single Element  1x4 Array Structure
Patch size (mm) 19.8x22 19.8x22
Gain (dB) 2.90 7.713
Return loss (dB) -15.6362 -16.8991
Resonating frequency3.6 3.7
(Ghz)

Shape of the radiation
pattern  atphi=0 Heart Circular ~ Heart Mushroom
phi =90

Figure 7 shows a linear array with a beam steering function with four patches connected by a single transmission line in
which two patches are diagonally truncated [15]. Physical dimensions of antennas should remain as a fraction of Agso
that RF signals are transmitted and received equally well in all directions. The current distributions on the antenna
surface induce several field distributions that will eventually affect characteristic impedance and efficiency. The
presence of metallic components nearby deteriorates the radiation properties. Beam steering is also made possible by
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mechanically rotating a fixed pencil beam. In an antenna array, elements should be placed at a distance of Ag/2 apart to
avoid spatial aliasing, and thus grating lobes are alleviated. The number of elements is inversely related to scanning
range. Fan beam is the most common dipole antenna, but fan beams are not applicable due to metallic patterns. An
alternative for this is a mesh grid patch antenna [16], as shown in figure 8. An open-ended SIW antenna on the edge of
multiple PCB layers is discussed in [17]. It provides 90° and 180° beamwidth in H and E planes, respectively. These will
avert degradation of radiation pattern when it is unified with other components. Table III displays the comparative
analysis of various antennas in the 5G system.
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Fig.4. 3*3 array with less number of feed ports
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Fig.5. Element open elliptical slot PIFA antenna on mobile's bottom edge
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Fig.6.4 element dipole arrays

Different microstrip elements can be excited with various modes to attain wide pattern beamwidth in an antenna array.
In [18], two radiating elements are excited by TM10 and TM31 modes. It combines a circular disk, ring, and microstrip
technology. Here disk and ring are excited by TM10 and TM31, respectively. It is also compared with canonical dipole
(omnidirectional) and single disk patch (directional). A 4-element array can generate a different signal when different
ports are excited with the slot coupler. That is, it radiates in +45° slant linear polarization when port 1 is excited, and
it shows -45° slant linear polarization when port 2 is excited [19].
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TABLE III
RELATIVE ANALYSIS OF ANTENNAS USED IN 5G APPLICATIONS AT MM
WAVE

d= % < &
= 2 : = 3 5%
= g o .0 % ~ -% o § S -3 .
g O 5258 =L g k= 5 TE 5
S = o0 & E< & ©] & S -
Radiating
structure on30 RO3003 3.0 0254 6 - -12 90% [2]
circuit board edge
mount
DD patch array
employing EBG
ground with 28 RT5880 22 - - 16 - 92% [11]
dielectric layer
superstrate
Aperture coupled 15 3-layer 3.0 1.5 3 52 - 85% [12]
rectangular patch PCB
Quarter 3-layer PCB
wavelength notchl5 7.0 1.5 2 44 - 87% [12]
antenna
Phased array with Rogers
series fed patch28 RT/duroid 2.2 0.5 1.96 - -15 79% [13]
antenna  (reduced 5880
no:.of controllers)

2oz

o

385
Dual band slotted28 RT/duroid g %
patch antenna & 38 5880 2.2 0254 - = S -40 - [14]

5 &

PIFA with single
layer of superstrate28 Rogers 5870 2.2 0.635 0.98 8.8 <10 97% [14]
T shaped patch 38 PET - 16*16 - 8.2 <10 - [14]
antenna
Phased array by
open slot PIFA30 FR4 board 4.2 - 6 13 <10 75% [15]
antenna
Parasitic structure Roger RT
mounted on al8 duroid 5880 2.2 - 1.22 18 -20 - [16]
circular patch like
microphone
Wideband multiple
microstrip dipole 15 FR4 44 0.8 22 8.9 -10 82% [18]
antenna
5G microstrip 24.8 RT duroid 2.2 0.787 1318 - -195 - [19]
antenna 5880
Simple microstrip38 Rogers RT 1.94 -15.5
patch & 54 duroid 5880 2.2 - &2 - & - 12 - [27]
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Small microstripl0.1  FR4 2.2 - 9.95- 446 -18 - [28]
patch antenna 10.35
1*4 microstrip3.8 FR4 22 - 0.84 7713 -17 - [20]
patch slotted array
SICL based 1%*412 Rogers 5880 2.2 0875 246 12.17  -20 - [23]
array
y
Fig.7.4 patches in which 2 are corner truncated connected by single transmission line
TABLE IV
COMPARISON BETWEEN CONVENTIONAL PATCH ARRAY AND DD
ANTENNA ARRAY
Characteristics Conventional Paich DD Antenna Array
Array

Gain 15.93 dBi 16.3 dBi

Bandwidth 27.1-28.6GHz 27-30GHz

Radiation Efficiency  71.8% 71.8%

Total Efficiency 71.1% 71.4%

SLL (H Plane) 114 116

HPBW

(H Plang) 11.1 11

X POL level

(H Plan) 492 575

SLL (E Plane) -103 -10.9

HPBW

(E PLANE) 339 34

X POL Level

(E Plane) 49.1 56.7
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Fig.8. Mesh grid patch antenna

Designs for Gain and Bandwidth Improvement

Gain is an important parameter that shows the performance by amalgamating the directivity of an antenna and its
efficiency. It shows how much input power is converted into radio waves by an antenna. Many techniques can achieve
gain improvement on an antenna. One of them is superstrate technology that acts as lens focusing. Four circular dense
dielectric patch radiator elements with ground based on electromagnetic bandgap unit cell and a dielectric superstrate
layer is placed above array antenna as shown in figure 9 for gain enhancement [20]. The comparison between conventional
patch antenna and dense dielectric (DD) patch antenna is shown in Table IV. Parasitic design rounded on the circular
patch-like microphone shown in figure 10 is discussed in [21]. Three different structures are studied and compared.
Among these, a combination of circular patch and microphone patch C structure that is parasitic element has improved
performance and elevated gain.

Superstrate

———

Substrate 2

Ground

Substrate 1

Fig.9. Superstrate technology

Bandwidth is the frequency range over which the antenna properly works. Bandwidth can be improved by truncating
corners of patch elements diagonally [22]. The cylindrically truncated corner micro strip antenna faces certain
mechanical tension effects as discussed in [23]. Here the patch elongates over the curvature. A 1X4 microstrip antenna
array operating at X band is designed in [24]. It consists of Substrate Integrated Coaxial Line (SICL)based T-type
power divider and SICL microstrip line adapter based on H type slot coupling. This antenna provides wide bandwidth
and high gain. SICL based sections are shielded and non-dispersive TEM guiding structures; therefore, it is suitable for
circuits in millimeter frequency ranges. SICL is a coaxial line structure with high isolation quality. SICL's size is
compact, and recently, it is used in many microwave components. A ground plate employed in slot coupling method
isolate the radiation element from the feed to alleviate any spurious radiation from the feed.
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Design for Isolation Improvement

The distance between the 2 elements should be at least A/2 to avoid interference. Filtering structures can be implemented
to alleviate mutual coupling. The usage of resonators and transmission notch in the patch antenna improves isolation
[25]. Here, when the high band element is excited, electromagnetic radiation by the low band is absorbed by filtering
structure and vice versa and thus improving isolation. In [26], a decoupling structure which is a combination of
modified array antenna decoupling structure (MADS) and H-shaped defect ground structures (HDGS) is used. MADS
creates reflected waves with equal magnitude but out of phase with coupling waves. HDGS produces a current opposing
the coupling current, thus reducing mutual coupling. There are many techniques to improve isolation between antenna
elements such as polarisation converter between elements [27], U shaped parasitic element [28], defect ground structure
(DGS) [29]-[30], antenna decoupling surface [31]-[32], the planar spiral structure between antenna elements [33]. The
direct coupling caused by surface waves and space waves between elements can be avoided by introducing indirect
coupling with controlled magnitude and phase with the help of two couplers. A simple microstrip array of two elements
is presented in [34] to better understand decoupling performance. Mutual coupling causes the input port impedance in a
phase array to vary according to the scan angles. It also reduces SNR and channel capacity in MIMO, so a decoupling
mechanism can also be introduced in MIMO and phased arrays. Mutual coupling can be reduced if feeding lines are
interconnected through lumped capacitors. Details about the coupling mechanism and how a 2-element array with and
without a decoupling network affect mutual coupling and radiation performance are explained in [34].

II1. FUTURE SCOPE: TERAHERTZ WAVE COMMUNICATION

The origin of THz waves has begun in 2000. The frequency range of THz waves is 0.1-10THz (wavelength of 0.03-
3mm). THz can attain Gbps data rate, but the THz range is still underdeveloped. The perceptible trend in THz
communication is an increase in frequency up to 700GHz. The main challenge faced by the researchers is in the
development of antenna technology for this large frequency range. A120GHz link is set up employing a planar dipole
and ring slot antenna combined with a photodiode and Schottky barrier diode for transmitter [35]-[37] and receiver
[38]. There are a variety of antennas in the THZ range including: horn antennas, photoconductive antennas, microstrip
antennas, lens antennas, and on-chip antennas. THz horn antennas working at 0.84THz and 1.7THz give good beam
performance. A waveguide slot antenna array for 120-300 GHz bands has been designed to attain high gain with a
small size [39]. Researchers mainly focus on ameliorating gain by employing dielectric lens antennas whose
performance can be enhanced using specific optimization algorithms. There are several types of THz antennas, but they
can be grouped as metallic, dielectric, and new material antennas [40]. Metallic antenna mainly incorporates horn
antenna. With increase in frequency (THz), the dimension of the horn becomes smaller, thus making it difficult to
manufacture the tip end; therefore, the processing cost increases. The solution is the use of a simple conical or tapered
horn.
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Dielectric antenna integrates dielectric substrate and antenna radiator. It may cause energy loss due to surface wave
effect. They are present in different geometries: U-shaped, butterfly-shaped, logarithmic periodic sinusoidal shaped,
etc. An example of the new material antenna is dipole made of carbon nanotubes as an alternative to metals. It can
attain multiple resonance points within a specific frequency range. Grapheme planar antennas also offer better
bandwidth.

IV. CONCLUSION

In the 20th century, G. Marconi pioneered long-distance radio transmission. Now the researchers are exploring higher
and higher frequency ranges to strengthen the channel capacity. It is expected that in 10 years, the data rate will elevate
to 100 Gb/s. In the near future, it is likely to reach 1Tb/s. An advanced antenna system (AAS) with beamforming and
MIMO or spatial multiplexing functions is utilized to achieve this and enhance the end-user experience. AAS will
enrich the network performance in uplink and downlink communication. This paper shows different antenna arrays
with beam steering capability, antenna designs to enhance bandwidth and gain, and techniques to improve isolation and
reduce mutual coupling in mm-wave systems. It is evident that high gain beams are attained by integrating signals from
several antenna elements. Superstrate technology provides better gain, and bandwidth can be enhanced by truncating
corners of antenna clements. There are many ways to avoid mutual coupling and enhance isolation. The distance
between the antenna elements should be maintained at least A/2. By exploiting these techniques, we can significantly
enhance the radiation performance of an antenna.
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