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Abstract— The design techniques, implementations and applications of the Phased array antennas are discussed in
this Paper. Beamforming is the key enabler for a phased arrays which is discussed through emphasizing upon their
types, advantages and disadvantages. Multiple techniques used to realize the energy and cost efficient phased
arrays for 5G wireless communication are discussed in detail.
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I. Introduction

Phased array antenna structure consists of many antenna elements. These antenna elements are fed in systematic
way with variable time-delay or phase to each element. This variation leads to significant scanning of beams in the
required angle through a space. For pattern shaping variable amplitude control is also used. Multiple elements in
the array geometry results in the precise control of the radiation pattern. In 1920s and 1930s investigation started to
combine the output signals from simple elements to get narrower, directive antenna patterns [1]. The earliest
antenna array is the Yagi-Uda array which was containing the multiple directors along with a feed dipole and a
reflector element to produce a directional pattern of beam radiating in the end-fire direction. In 1930s,
electromechanical scanning was found to be practical for some applications. In 1950s, electronic scanning was
introduced. Even before there were many mechanical scanners were invented and used but the technology did not
support electronic scan till the use of ferrite phase shifters in 1954-1955 [2-3]. In 1960s, the solid state array
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developments began due to the invention of Printed circuit technology that leads to the introduction of first T/R
module. One more major invention is the Microstrip Patch Antenna because of its characteristic it became a
popular choice for the development of arrays. The Electromagnetic foundations for array theory first obtained by
Halen’s equations and then from other integral-differential equations. Green’s functions, electric and magnetic
potentials are used for arrays of wires and waveguide slots. Now a combination of frequency domain Method of
Moments and Finite element methods are used [3].

There are three categories of Phased arrays can be found, they are as follows: Passive, active and digital array.
Passive Array: In this a centralized High Power Transmit amplifier along with the low loss power combining
network is used at each element of the array.

Active Array: In this array configuration the distribution of High power amplifiers, low noise amplifiers and phase
shifters can be found at each element of the array.

Digital Array: Digital array functions as first it converts the Radio frequency signals to digital form then
beamforming is done using the Digital signal processor.

To track the re-entry bodies and many objects over a large space requires an electronic steering of the phased
arrays. Hence Advanced Research Projects Agency (ESPA) started a project called Electronically Steered Array
Radar (ESAR). This project developed a Two-dimensional, electronically steered, computer controlled phased
array radar. In 1990s, the requirement for high transmit power was started that tells the need of newer technologies
to get high power levels at higher frequencies. During that time 2 development paths were initiated one was to
increase the output power to and the operating frequency of a solid state amplifiers in the arrays. Other one is to
increase the level of integration in mixed signal integrated circuits [1-2].
. PASSIVE PHASED ARRAYS

The first electronically steerable phased arrays had a centralized high power amplifier and a receiver as indicated in
the figurel. The low loss beam formers and phase shifters are required for the passive arrays since the RF Loss
from the Transmit amplifier to the free space due to the transmission is very much significant that leads to reduced
radar sensitivity. Vacuum Tube Klystron Amplifiers or Travelling Wave Tube Amplifiers (TWTA) is used in the
High Power Centralized Transmitters which are capable of producing hundreds of kilo watts of power at
microwave frequencies. The Phase shifters which are able to handle the high power with low insertion loss are
most preferred for the Passive arrays. This characteristic is found in Ferrite Phase Shifters.
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Fig 1. Passive Phased Array Architecture[1]
The shortcomings which are associated with the passive phased array architecture are as follows. The first thing is
Centralized Transmit Power Amplifier; if it fails the entire system will be malfunctioning or stops its function. The
second point of discussion is the Low loss beam forming networks since they are heavy, large and difficult to
integrate on to the systems where there is a constraint of space. At the final stage the RF losses due to the beam
forming network and the phase shifters limits the performance. Because of these drawbacks in passive phased
arrays, the DARPA made an investment in 1980s and 1990s for the sustainable development of the Active Phased
Arrays.
. ACTIVE PHASED ARRAYS

To overcome the losses incurred by the Passive phased array beam former, the transmit and receive amplifiers are
distributed to each element in the array has shown in the figure2b. This method is advantageous in such a way that
it provides the less loss between the Transmit Amplifier and the free space. This leads to the less noise figure that
is; it reduces by a factor of two to three and increased sensitivity that in turn improves the long operating ranges.
The second advantage is that the losses by the each transmit amplifiers which are at the element level lies within 10
percent. The block diagram of an active Transmit/Receive array module is shown in the figure 2a. The RF switches
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which provides the low loss are present in the module which configures the RF path for High power Transmission
or to receive low noise. A three port circulator is used which passes signals in the single direction. Along with the
circulator a limiter is used to protect the sensitive receive amplifier from the transmitted signal which has got very
high power. A leg topology which is commonly used in Transmit/Receive module design for the minimization of
the MMIC area.
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Fig 2a. Active Phased Array T/R module with common leg Topology [1].
The gain block for Transmit/Receive operation and sharing of Phase shifter is enabled by the common leg

topology. To adjust the amplitude of the signal a programmable attenuator is included in the array. The active
phased array configuration is shown in Figure 2b.
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Fig 2b. Active Phased Array Architecture [1].
IV. SUBARRAY DIGITAL PHASED ARRAYS
In the scenarios, when it is complicated to achieve a radar volume search times with a single beam, an architecture
is used which provides a multiple simultaneous beams within a limited scan sector is subarray digital phased arrays.
The combination of Analog and Digital beam formers are used in the sub array digital architecture. The outputs of
Analog sub array are first down converted and then digitized. The outputs of the subarray are weighted and
summed digitally to produce a set of digital beams within the limited angle of the subarray beam pattern. This task
of forming digital beams is carried out by a Digital Processor. The compromise between the number of
simultaneous beams and the number of digital channels required in the system is represented by a architecture of
overlapped digital subarray.
The situation where the cost is a major consideration and multiple beams are required within a limited angle sector
the solution is subarray digital phased arrays.
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Fig 3. Subarray digital phased array architecture[1].
ELEMENT LEVEL DIGITAL PHASED ARRAYS
The Size, cost and power consumption of the digital receivers and processors are less, the element level digital
beam forming approach has becomes a good method to implement the large phased arrays. In a Digital Beam
Forming the signals received are digitized and at the element level then they are processed in a special purpose
digital computer to form the required beam. While transmission, for each element output signals are digitally
synthesized then up converted them into RF. The below block diagram in the figure 4 shows the element level
digital beam forming architecture.
We can find there are several key features which are associated with the element level digital Beamforming
approach. The total information represented by the N individual element signals is preserved when compared to the
Analog beam former. Secondly, after received signals are digitized at each element they can be manipulated in
multiple times or using many methods because of the processing is done digitally. Thus we can any number of
beams and also many hypothesis testing can be applied without distorting the signal quality. In Digital Beam
Forming the phase shifting operations are done digitally, which allows different time delays at each element. This
feature of providing arbitrary delay is very important for the large arrays operating at wider bandwidths.
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Fig 4. Element level digital phased array architecture[1].

V. REVIEW OF VARIOUS PHASED ARRAY IMPLEMENTATIONS

The four flat beam array antenna having circular patches has been realized. The geometry consist of four circular
patch antennas along with four 4:1 power combiners and 4 phase shifters operating at a center frequency of
1.8GHz. The main beam can be switched in four positions so that this can be used for WLAN or Base station
applications. From the results it is observed that the 4dBi gain is obtained through the geometry [6].

The Performance improvement was found by the method of inductive loading of patch antennas when compared
with the performance of conventional phased array consisting of microstrip patch antennas. The author has
explained the improvement in the performance can be obtained due to the less mutual coupling effect in the
inductively loaded patch antennas. The substrate Taconic CER-10 with a thickness of 3.2mm, dielectric constant of
10.2, and loss tangent of 0.0035 has been used. The tablel shows the performance comparison of the conventional
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phased array with the inductively loaded phased array. The patch area of the inductively loaded antenna is high that
results in the improved broadside gain when compared to the conventional patch [7].

Tablel. Performance Comparison
PerFoRMANCE COMPARISON BETWEEN THE TWo TYPES OF PATCH ANTENAS

Resonant  -10dB  Broadside  Horizontal Radiation (dBi)

Typeof & ouency Bandwidth  Gain
Antenna 4 ) o, ; .

((iHz) (%) (dBi) 0ooen 180t 2
Comventioral 5,00 71 4.84 059 <182 132 246
Inductive 500 295 875 1417 500 1611 647
loaded

Flexibility can be provided for the phased array antennas by the use of Control module and backplanes having
antenna module which carries the RF signal. The 4*4 active antenna array as in figure 5 which is capable of 2D
beam steering is realized at 2.4 GHz. Also it dictates the initial calibration has to be carried out to compensate for
the manufacturing process tolerances. The array configuration consists of 16 circular patches resulting in a
polarization which is circular in nature. The result shows a Gain of 16dBi at the center frequency, HPBW of 2(f and
the Side lobe level suppression is more than 10dB. The typical feature of this research article is the suppression of
the side lobe levels by the programming of amplitude coefficients [8].

RF and Antenna
module
SO mmx 100 mm

Backplane module
carrying four RF
and antenna
modules

100 mm x 200 mm

Control module
S0 mm x 75 mm

Fig 5. 4*4 Circular Patch Array with the Control Module[8].

The 28GHz Phased array is designed based on 2 * 2 Beam former chips for the 5G communication. It uses 2*2
Transmit/Receive beam forming chips. There are lot of advantages can be seen in this work when compared to the
previous architectures. This clearly shows the Transmitted power, System Noise figure can be improved by
reducing the routing distance between the chip and the antenna feed which in turn reduces the loss. This factor
affects the link distance directly achieving larger distance. The feed line loss was found to be 2dB but this
architecture measures only 0.5dB leads to improvement of SNR by 3dB. The second significant contribution from
this article is the scaling of its size because of its symmetric nature. Thirdly, it shows a equal heat distribution over
the entire aperture and also if one of the chip fails then only 4 elements will not work this will not affect the 32
element or 256 element array performance. This 2*2 beam forming architecture can be easily flipped on the Printed
circuit Board without the need of multilayer laminate [9].
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Fig 6. Scalable N x N 5G phased-array architecture based on a 2 x 2 beamformer unit cell [9]

Earlier the use of millimeter waves were not being used for the cellular communication due to their short range and
Non LOS coverage issues. The mm wave bands are used for the 5G cellular communications with the application
of advanced algorithms and a Prototype with the novel beam forming technique is presented [10]. Wonil et.al
clearly had shown how these disadvantages can be solved by considering the experiment on 3GHz Patch antenna
with the 30GHz antenna array having the same physical size. The experiment clarifies the fact that irrespective of
the operating frequency, the propagation loss will be same for the Single antenna and the Array antenna with the
same size. Also it signifies that when the array antenna is used the received power is 20dB greater than the single
antenna case. In the millimeter wave frequencies, significant beamforming is the key parameter in order to direct
the power in a particular direction which is most required for cellular technologies to deal with the Path Loss. Also
these mm waves facilitate the use of multiple numbers of antenna elements to form a array to obtain the maximum
gain. Based on the type of the beamforming, the weights are adjusted either in Analog or digital beamforming
architecture. In the Digital beamforming, a modulated baseband signal is multiplied with a suitable coefficient per
RF chain. Where as in Analog, The complex weights are used and it is adjusted through the use of Phase shifters
and with the VGAs. While combining the signal with OFDM, IFFT is done before at the Tx and FFT is done after
at the Rx in the process of digital beamforming but it is vice versa for Analog beamforming. For each RF chain
separate DACs, ADCs, IFFT/FFT blocks are required in the case of digital beamforming but it provides good
performance, flexibility at the cost of complexity and price. In the Analog beamforming, it is very simple to obtain
the large gain effectively but the flexibility is less. The trade-off between the advantages and disadvantages leads to
the use of new technique called Hybrid beamforming architecture. Figure shows the Hybrid beamforming
architecture where Analog beamforming facilitates for high gain sharp beams and digital beamforming facilitates
the flexibility in the MIMO environment.
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Fig 7. Hybrid Beamforming Architecture [11].

A new method of hybrid beamforming technique combines the RF beamforming and Baseband precoding that
result in the efficient use of channel in the millimeter wave frequencies. The simulation result signifies that the new
method of hybrid beamforming provides optimal performance with reduction in the complexity. The figure 8
shows the variation in the path loss as the frequency changes from 1.8GHz to 28GHz. It signifies that there is an
additional 20dB path loss when the frequency is 28GHz. Also we can observe that for NLOS, the more loss will be
added. The Path loss is compensated using the array beamforming techniques at mm wave frequencies. The use of
multiple chains provides the MIMO capability to the design [11].
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Fig 8. Path Loss at 1.8, 28GHz Frequency Bands [11]

VI. CONCLUSION

The significance and shortcomings of Passive, Active and Digital Phased array are discussed. Some of the key

points which affect the performance of the phased arrays are listed. 1. The element level digital phased arrays are

most preferred for various applications due to the flexibility in forming the multiple beams in the required

directions. 2. The effect of inductive loading reduces the mutual coupling and increases the performance of the

microstrip patch Phased arrays. 3. The control modules provide the flexibility to the arrays in adjusting the

amplitude coefficients. 4. The reduction in the routing distance between the antenna feed and control chip is

responsible for the improved Noise figure and low loss in the Transmitted power. 5. At mm wave frequencies path

loss can be compensated by the use of beamforming techniques with arrays. 6. Hybrid beamforming technique

enables the efficient use of Channel at mm wave frequencies.
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