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Abstract- This paper provides a deep look into various solid-state devices and active elements that can be integrated
with antenna to improve the efficiency of transmitting and receiving signals. After close look in to historical remarks
and classification, the paper emphasis the research efforts on last two decades how the integration has impacted the
performance and change in the dimensions and losses of the system. Also, this Paper focused on application of active
integrated antennas especially in 5G communications and beyond. This paper also contributed towards the research
gaps, which gives possible insight for the researchers for further development is various areas of active integrated
antenna and its application..
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L. INTRODUCTION

The active antennas concept was introduced in early 1920’s. At First electron tube with a small antenna
which was operating at 1 MHz were designed for Radio Broadcast Receivers, which was operative and
well-known those days.

Active antenna is not a new one; it has been in operation for many decades of years. After the
breakthrough of high frequency transistors, the researchers focused much attention towards active
antennas and several ground-breaking works were reported in 1960’s and 1970’s [16]. In wireless
communication to achieve better performance, the radiating element can be configured with guided wave
circuits which include passive and active devices. Because of the combination of guided-wave components
and radiating element may leads to performance tradeoffs [13]. Additionally, functions of the components
directly are connected to free space which leads to non quasi- optical processing or filtering and also
degrades the component’s performance due to the antenna’s radiation [2]. Active integrated antennas
overcome the difficulty and meets requirements of the system. Latest Advancements in quasi-optical
power combiners has become key driving forces for progressing research on Active Integrated Antennas
during 1990’s [1].

Active Antennas integrates active devices (amplifier, oscillator, mixer, diodes) within the Antenna have
receives prodigious attention due to their cost reduction and higher gains [3], better power transfer,
increased efficiencies, smaller design footprints and adaptability to phased array antenna systems [4]. The
active integrated antennas allow monolithic implementation by fabricating both active devices and
radiating element on a single semiconductor substrate, which aided in using Active Integrated Antenna
(AIA) over the conventional sub-system designs of various terminal circuits. One important feature of the
active integrated antennas is that, the radiating element and active device are considered as a one unit,,
which are also referred as quasi-optical transmitters [6]. Advancements in MMIC'’s technology leads to
active phased array antennas, to provide control on amplitude and phase in each array element [11].
Active Integrated Antennas (AIA’s) have a mechanism to control the characteristics of a device such as
shape of radiation pattern, peak gain, axial ratio and its physical size. It used to control the dynamic
radiation patterns in mobile communications [12], active tunable printed dipoles [14]. Integrating a slot
antenna and a high-electron-mobility transistor on opposite sides of a GaAs substrate exhibit good
radiation efficiency and high relative dielectric constant due to the thinness of the substrate (< 0.05A) [15].
Majorly, this paper focuses on the classification of AIA’s based on the integrating elements and how these
AlA’s leads the 5G mobile communication technology. The rest of paper outlined the classification of AIA’s
and role of AlA’s in the 5G Communication [4].
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I CLASSIFICATION OF ACTIVE ANTENNA

In general the active components such as Diode, Transistor, Silicon Controlled Rectifiers (SCRs) etc., can be
used for RF signal amplification, rectification, frequency conversions and energy conversions.
Passive antennas are antennas that have no inbuilt amplification stages.
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Figure 1. Comparison of Passive Antenna and Active Antenna

AlA has significant advantages over traditional amplifying antenna such as high power efficiency, compact
configuration, low noise and high gain [5]. Depending on active device function, the AIA were categorized
into four different types: diode integrated, transistor integrated, oscillator type and amplifier type AIA’s.
Furthermore, these four types of active antennas may be combined further to generate versatile functions
in a single module such as the active transceiver, transponders, repeaters, and so on. The Amplifier Type
AA is defined as a passive antenna integrated with Amplifying element at its I/O port for RF signal
amplification [17]. The Figure 1 Comparison of Passive Antenna and Active Antenna

A Diode- Integrated Active Patch Antenna

The Diode is a two terminal device used for rectifications, it converts ac to dc and acts as a uncontrolled
switch. In the beginning of 19t century vacuum tubes (electron tube) were used in almost all electronic
applications such as radios, televisions, sound systems and instrumentation. Various research works has
been published related to diode integrated active patch antennas. Siang Ping Kwok and Kenneth P. Weller
developed a self-mixing oscillator by using BARITT MIC circuit incorporated with micro strip antenna for
Doppler-Sensing Applications in 1979 [18]. In 1996 Stiller et al. developed an Radiating Monolithic
Integrate Planar Oscillator by using An IMPATT diodeand planar resonant antenna for various
applications like low-cost sensors [19]. M. Yeddes et al. analyzed tunnel diode antenna based on iterative
method and wave concept technique in 2006 to achieve the frequency tenability in the millimeter range
[20]. In 2012, Inam et al. developed an Active Reflect array Antenna by integrating PIN diodes with the
slotted patch elements for beam steering applications [21]. Ruonan et al. Schottky-barrier diodes
fabricated in CMOS for active THz imaging applications in 2013 [22].

B. Transistor Integrated Active Patch Antenna

The transistor invented in 1947, it is a three terminal device acts as a controlled switch used for switching
apparatus, amplifiers and as a regulator. At the beginning Ge B]JTs were used around 1 GHz, later Si BJTs
and GaAs BJTs were developed for high-frequency applications [25].

In 1971, Ramsdale and Maclean used BFY 90 transistor and active loop-dipole aerials for transmitting
applications [23]. In 1999 G. Ma et al, Designed an AIA to suppress the local oscillator radiated power by
integrating the device with monolithic microwave integrated circuit (MMIC) package chip as shown in the
Figure 2a and Figure 2b [24].
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Figure 2. (a) Block Diagram of AIA; (b) Aperture-coupled integrated active antenna [ 24]

In 2007, M. Jalali et al. implemented an AIA by integrating Low Noise Amplifier with radiating element for
Ultra Wide band (UWB) applications [26]. In 2008, Carl H. Mueller, Robert R. Romanofsky et al. has
designed small size X band AIA with feedback loop for attaining high power radiations and efficiency [28].
In 2011, Leung chiu et al [8], has given a new concept of 4-Element Balanced Retrodirective Array for
Direct Conversion Transmitter and designed a active integrated direct conversion receiver to recover the
two individual baseband signals [29].

In 2016, S. K. Dhar, M. S. Sharawi et al. introduced an UWB active integrated MIMO antenna (AIA) design to
provide wideband antenna matching for Improved radiation efficiency and diversity performance[30]. In
2018, Ramya et al, introduced a penta-band (1.2, 1.5, 2.4, 3.3, and 5.8 GHz) Active Integrated Antenna for
wireless communication applications [31].

C. Oscillator Type Active Integrated Antenna

The oscillator-type of AIA is comprised of a oscillator, feed, and radiating element. The active solid-state
device such as diodes (IMPATT, Gunn, BRITT, etc.)), transistors (MESFET, HEMT, and HBT) integrated with
an antenna to form an AIA oscillator [7]. The Micro strip patch antenna was first integrated with a FET to
form an active antenna element by Chang et al. in 1988 [9].In 1988 Stephan and Young has designed
Radiation-Coupled Interinjection-Locked Oscillators for Integrated Phased Arrays to achieve Mode
Stability and better phase noise [32]. In 1996, Chou and Tzuang has designed active- integrated leaky-
mode antenna by using monolithic-microwave integrated circuit for better radiation patterns [33].
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Figure 3. AIA with ring structure [35]

In 2006, Yi Qin et al. has proposed linearly polarized (LP) AIA and circularly polarized AIA to achieve a
high power-added efficiency over a broad bandwidth, for LP AIA they used a ring-slot coupled micro strip
patch antenna and for CP AIA they used a single-feed cross-slot-coupled micro strip patch antenna [34].

In 2011, J. Verhaevert et, al. has designed active ring antenna with tunable local oscillator shown in the
Figure.3 [35]. In 2012, Jag tap and Minot have given a new concept of integrated active patch antenna for
semiconductor super lattice THz oscillators [36]. In 2013, Upadhayay, M. D. and Koul has designed AIA
using BJT with floating base for Optical control and Sensing applications [37]. In 2018, Rakhi Kumari,
Ananjan Basu and Shiban K Koul has demonstrated A GaN HEMT based HPA type AIA which was
operating at 2.4GHz to achieve highest Equivalent Isotropic ally Radiated Power (EIRP) [38]. In 2019,
Elena I. Shirokova and B. Shirokov has designed Active Receiver-Transmitter Antenna by integrating
regenerative amplifier with radiating element called micro strip antenna to improve overall efficiency of
the entire antenna array system and it's widely used for the design of RFID systems in communications
[39].

D. Amplifier Type Active Integrated antenna

In general transistor acts as an amplifier, if it integrates with radiating element at the input or output port
to perform functions as receiver or transmitter. In 1999, author introduces a Compact AIA Transceiver for
System Applications of two-way communications [40]. In 2007, Author has designed Wideband Integrated
Transmitter to achieve high PAE and better output power operated at the entire 5-GHz band [41]. In 2011,
Maryam Tabesh et al. has proposed the design of 60 GHz CMOS Phased-Array Transceiver to achieve a
high power efficiency [42]. The recent developments in quasi-optical amplifiers motivated the researchers
to work on Amplifier Type Active Integrated antenna to increase the operating frequency and speed of RF
transistors [10].

1L ACTIVE INTEGRATED ANTENNAS ROLE IN MILLIMETER-WAVE COMMUNICATION

The 5G wireless communication systems need to be designed to support high speed and high data rates
with maximum coverage for different applications. One of the most essential requirements of such
systems is high gain antenna which is desirable as it will balance high path loss at mmWave frequency and
decrease the system cost [27].
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Figure. 4 Progression in understanding and use of mmW frequency band by research community [53]

Today, MIMO and Beam forming are the buzzwords commonly used in the telecom industry when
referring to 5G and most recent advancements of LTE. Figure. 4 gives brief idea on usage of mmW
frequency bands over few decades by the researchers. In 2014, Wonil Roh et, al. designed a mmWave
prototype and produces results which features large system bandwidth at 28 GHz. Finally suggested that
28 GHz band is a feasible for wideband low power 5G systems [43]. In 2016, Shakib et al. has designed a
Linear and highly efficient Power Amplifier for mmWave(28-GHz) 5G integrated phased array
transceivers in 28 nm bulk CMOS and in 40nm CMOS [44]. In 2018, Kerim Kibarogluetal has designed an
optimal phase array antenna that operates at 28GHz frequency for 5G Communication [46]. In 2018, Luca
Aluigi et. Al designed a integrated patch antenna at 28 GHz for automotive beam forming systems for 5G
Automotive Connectivity [47]. In 2018, Hong-Teuk et al, developed a 28-GHz CMOS direct conversion
transceiver with low EVM, high EIRP, and Controlled beamforming capability [48]. In 2018, Hong-Teuk
et.al, developed an active phased array antenna (APAA) by integrating GaAs RF frontend module with PA,
LNA and switch at 28GHz-band for better spectral efficiency [49]. In 2019, Hanieh Aliakbari et al. has
presented a Far-Field-Based Nonlinear Optimization of mmWave (28/38GHz), Active Antenna with
circular polarization for 5G Services [50].

In 2020, QING-QIANG HE et al. developed a integrated phased array Ka-band active antenna for 5G
wireless communications [51]. In 2020, Junho Parketal developed Systematically Integrated Array
Antenna with Multiple Phase at 28 GHz, which Enhances Beam Coverage Efficiency of mmWave 5G
systems [52].

As mmWave spectrum is very wide, high data rates can be achieved at an order of Gbps but it has more
propagation losses because path loss is proportional to square of the distance and the modulated carrier
frequency [45]. The major issue with integrating of passive component is, it leads high insertion loss
which may decrease antenna gain therefore choosing passive component place a major role in the
performance of active integrated antennas. Other parameters such as efficiency and radiation pattern are
also affected by interfacing passive components with active device and its packaging. Therefore many
investigators are looking in to AoC (Antenna-on-Chip) and AiP (Antenna-in-Package) for emphasizing
gain, bandwidth, power radiations and efficiency of active devices [54].

IV. CONCLUSION

This paper inspects the developments and challenges in implementation and design of Active integrated
antennas. One of the most important challenge is designing active integrated antenna with perfect

2387| T Ravi Kumar Naidu Developments And Challenges In The Design Of Active Integrated Antennas



impedance matching between radiating element and amplifier otherwise it may depreciate the
performance of the integrated devices. Few more parameters that normally researcher focuses in
designing integrated devices are compactness of the device, cost of the equipment and effective radiation
with high power efficiency. More specifically, in the microwave and millimeter wave application,
performance of active integrated devices depends on the selection of appropriate material and the
fabrication technology. Another issue is undesired radiations due the active devices which can be
suppressed by integrating a filter to the radiating element.

From the literature, it is known that the AIA will be most important element in future generations of
communication applications in radar, satellite communications and mobile communications, currently
used in RFID readers, sensor networks, GPS receivers, wireless LAN and collision avoidance radars and
also in the field of spatial and quasi-optical power combiners, short range personnel sensors, transport
control and monitoring etc. This paper will help the readers to figure out the requirements in millimeter-
wave 5G communications.

Another important observation was that many of the researchers are working on designing of active
integrated 28GHz multiphase array antennas to emphasize the beam steering and phase control
Efficiencies of mmWave 5G Applications. In Millimeter-wave 5G wireless communication services, low
latency and high data rate accelerated further research in developing 5G radio frequency systems.
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