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ABSTRACT Ultra-wideband (UWB) phased array antennas are essential for radar, communication, and
Electronic Warfare (EW) applications. Systems can operate over wide-band coverage. The high gain
systems require wide-band, wide-angle scanning, good radiation pattern, and return loss over a multi-octave
bandwidth. This review discusses the problems present in the UWB phased array system, which include
mutual coupling, grating lobe rejection, active return loss, gain fluctuation with scanning, and multiple
beam generation. In this, the aperture size of the array is limited by the overall gain requirement of the
system. On the other hand, low gain systems require a wide-band with a good radiation pattern and axial
ratio. Here the matching over wide-band is simpler as it depends on broadband balun configuration. This
system has limited bandwidth over scan angles. These antennas are more preferred as wearable antennas in
communication applications. This paper mainly discusses the existing UWB phased array antennas such as
Vivaldi Arrays, All-metal Arrays, Spiral Arrays, Sinuous Arrays, and Coupled Arrays. This review paper
presents a correct direction for selecting the type of antenna in terms of impedance bandwidth, gain, and
materials influencing antenna performance, suited for different applications.

INDEX TERMS All-metal array, coupled arrays, high gain, low gain, phased array, spiral arrays, sinuous
arrays, UWB, Vivaldi arrays, wide-angle scan.

I. INTRODUCTION
Rather than using a single large antenna, several isolated
elements can be used in an array to achieve a similar kind
of performance. The antenna arrays are more popular due
to their high directivity and high gain, which is essential
for the majority of applications such as communications,
radars, satellites, electronic warfare, and radio astronomy.
The antenna array can be formed by arranging identical ele-
ments in various geometrical configurations such as linear,
rectangular, circular, triangular and spherical, etc. Phased
array antenna provides a unique feature of electronic scanning
of the radiation pattern. Shape and electronic steering of the
array radiation pattern can be controlled by changing the
excitation of all radiating elements in terms of amplitude
and phase. The vector sum of the electric fields of individual
radiating elements yields the array’s resultant electric field.

To produce a good directional pattern, the fields of the
antenna arrays must interfere constructively in the desired
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direction and destructively in other unwanted directions. The
phased arrays were confined electrically and mechanically by
limited impedance bandwidth, scan volume, size, and weight.

Recently, UWB phased array antennas have gained promi-
nence in radars [1], [2], communications [3], satellites [4],
next-generation systems (5G) [5], electronic warfare (EW)
[6]–[8], and radio astronomy [9]–[13] applications. The
demand for higher bandwidth is abrupt increases in commer-
cial applications, as well. Hence, there is an interest in devel-
oping UWB antennas that can offer greater performance,
such as high gain, conformal, low weight, wide bandwidth,
simultaneous multiple-beams, and wide scan capability for
phased array applications. They become more attractive and
useful in a wide variety of applications if they provide dual
or circular polarization. Especially in radio astronomy appli-
cations, these UWB array antennas are used as reflector
antenna feeds [14], which exhibit wide instantaneous band-
width and low noise behavior. Numerous antenna technolo-
gies for UWB phased arrays used in various applications have
been developed over several decades, including tapered slot
antenna arrays like Vivaldi arrays, all-metal arrays, coupled
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dipole arrays, and spiral arrays, and sinuous arrays. The above
arrays can be classified as high gain and low gain antennas.
The high gain UWB system exhibits octave bandwidth, wide
scan, and good radiation properties. But, in the case of a
low gain system, scan performance is limited. The above
mentioned existing UWB arrays are elaborated here.

Out of all, one of the most existing popular UWB
antennas is the tapered slot antenna, often known as the
Vivaldi antenna, initially proposed by Gibson [15]. These
arrays are popular owing to their high gain, wide-band,
and wide scan (W-W) capability [16]. The parameters to
design the Vivaldi array antenna and its optimization towards
bandwidth, scanning, and cross-polarization are described
in [17]–[20]. Initially, a dual-polarized ‘‘bunny-ear’’ Vivaldi
antenna was proposed with limited bandwidth of 5:1 [21].
Later, a low profile version of Vivaldi called BAVAs
(Balanced Antipodal Vivaldi Arrays) was developed to
achieve 10:1 impedance bandwidth over 1.8 to 18GHz [22].
Even though these array antennas provide wide impedance
bandwidth, they undergo unwanted radiation and loss of
polarization purity during scanning. However, the perfor-
mance of BAVA arrays is compromised while scanning,
VSWR > 4.5 at a scan angle of 45◦. Vivaldi arrays [23]
with a crossed-notch configuration provide better scan-
ning performance with low cross-polarization over a band
of 7–21 GHz. The new array element [24] has been intro-
duced to overcome the problems associated with Vivaldi
arrays, like manufacturing and maintenance drawbacks.
In [24], the author offers additive manufacturing as an alter-
native to conventional subtractive (CNC milling) processes
in order to gain production flexibility, batch processing
capabilities, and precision. In conclusion, from the above,
the Vivaldi arrays are suitable for high gain systems, but it
has a serious drawback of maintenance issues when used for
dual-polarization.

Another high gain antenna that allows UWB is the all-
metal Vivaldi/Body Of Revolution (BOR) antenna. This
antenna is made up completely of conducting material.
As compared to the Vivaldi antenna, it has higher gain, UWB,
wide scan, and mechanical stability, which are more popular
in a wide sense.

The planar UWB antenna provides high gain is the cou-
pled dipole antenna. Initially, H. Wheeler acknowledged
in 1965 that wide bandwidth could be achieved by the cur-
rent sheet array [25]. The coupled dipole arrays are initially
current sheet arrays with an extension of scanning range and
bandwidth capability, which was proposed in [26].

The currents with a wavelength significantly longer
than the element size can be supported by coupled arrays.
Thus the array allows extension of lower frequency of opera-
tion. In constituent, to attain wide scan performance, different
dielectric layers [27] are stacked to the array. The detailed
topologies are presented in [28], [29]. These arrays are pre-
dominately suitable for conformal platforms.

The UWB antenna provides low gain is the spiral
antenna. The bandwidth is decided based on return loss of

balun characteristics. It is one of the frequency-independent
antennas [30]. Out of all frequency-independent antennas,
the spiral antenna [31], [32] is the best choice for wide-band
applications due to its excellent features, such as broad band-
width, circular polarization, and compactness. Spiral anten-
nas are further improved by different techniques [33]–[35].
As it has a low gain, mainly these are used in receive appli-
cations in military communication. But in radio astronomy
applications, the radiating elements are projected on a pyra-
mid or cone shape to get higher sensitivity, low noise, and
broadband operation with frequency-independent character-
istics. Primarily spiral antennas exhibit excellent bandwidth.
However, because of their size requirement and low gain, they
are not suitable as phased arrays. But later, the spiral arrays
are used in UWB phased array applications [36]–[39]. The
spiral antennas bandwidth is restricted by size, where size
or outer diameter grows in proportion to the lower working
frequency. The spiral antennas bandwidth is increased as a
result of this.

Unfortunately, increasing the bandwidth forces the wider
element spacing pushes the lowest operating frequency to
be lower. This, in turn, gets grating lobes at smaller scan
angles. In [40], the author shows two interleaved sub-arrays
in a linear array that can eliminate grating lobes as one
sub-array for each polarization. The same principle was elon-
gated to concentric ring arrays [41]. An interwoven planar
spiral array was projected to improve the coupling of spi-
rals [42]. An interwoven array demonstrates adequate per-
formance at lower frequencies [43], [44]. In comparison to
array designs, interwoven arrays will connect every element
in the array to mitigate the inductance effect presented by
using a ground plane, which will improve the coupling at
lower frequencies. Adjacent spirals of paired polarizations
with connecting arms will develop dual-polarization [45]
capabilities of spiral arrays. These types of low-profile pla-
nar array elements [46], [47] suffer from impairment in
bandwidth when elements are placed close to the ground
structure. Electronic Band Gap (EBG) structures [48] are
introduced to reduce the ground plane effects in antennas. But
EBG structures operate in a limited bandwidth. In spiral
antennas, for wide scan performance, the impedance band-
width is limited (VSWR-1.5:1).

Apart from the spiral antenna, the element that produces
low gain, UWB, and poses frequency-independent nature is
the sinuous antenna. A traditional UWB log periodic antenna
was modified to a sinuous antenna by DuHamel’s [49]. The
operating principle of a sinuous antenna is the same as the
spiral antenna. But it demonstrates dual circular / dual linear
polarization characteristics along with a self-complementary,
frequency-independent nature. The features of sinuous make
a great option for UWB applications such as radars, electronic
warfare, and high sensitivity requirement at square kilometer
array radio telescopes [50]–[53]. But in the case of radio
astronomy applications, instead of cavity backing structure,
sinuous array antennas are arranged on the surface of the cone
at 45◦. It provides a uniform phase center over broadband and
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low back lobes. In the next sections, the arrays stated above
are explained in detail, along with practical concerns.

Reaming sections of this paper are arranged as follows:
Section 2 discusses the issues of UWB array elements.
Section 3 demonstrated the existing UWB phased arrays and
described their performance. Finally, in section 4, overall
conclusions are furnished.

II. ISSUES OF UWB PHASED ARRAY ELEMENTS
The design of array antennas is more sophisticated and chal-
lenging than an isolated antenna. According to pattern multi-
plication theory, the total pattern is the product of the array
factor and the element radiation pattern. In general, array
antennas start with element design for desired impedance
bandwidth and radiation properties, along with optimization
of the element in an array environment. The main disputes
confronted by UWB phased array antennas are grating lobes
rejection in the operating band, mutual coupling/maintaining
better active return loss overall scan angles, gain variations
and, multiple beams generation are discussed in this section.

A. GRATING LOBE REJECTION
Grating lobes are the lobes the same as the main lobe, which
causes interference resulting in a decrease in the gain of the
array. Generally, to avoid the grating lobes in phased array
antennas, the inter-element spacing [54] of elements will be
bounded by wavelength (λhigh) at the highest frequency of
operation and scan angle.

d <
λhigh

1+ |sin(θ0max)|
, (1)

where d is the element spacing, λhigh is the free space wave-
length at the highest operating frequency, and θ0max is the
maximum scan angle, respectively. To eliminate the grating
lobes throughout the entire operational band, the antenna
elements must be comparable in size at low frequencies. This
will lead to strong mutual coupling.

B. MUTUAL COUPLING
In practice, all the array elements are excited simultaneously.
To evaluate the impedance matching of the array, mutual
coupling between array elements is adopted. This is known as
the active reflection coefficient or Active Return Loss (RL).

ActiveRL Sn =
N∑
m=1

bm
bn
Snm, n = 1, 2, . . . .,N , (2)

where N is the number of ports, bm and bn are the complex
excitations of themth and nth element, Snm is the transmission
coefficient between mth and nth element. During scanning,
the impedance mismatch problem arises between the ports,
which leads to higher active reflection. Also, earlier investiga-
tions mainly concentrated on lowering the active return loss,
which worsens during scan angle and limits the operating
bandwidth of the array.

In addition, antenna inter-element mutual coupling may
cause scan blindness. With this, the input power gets

reflected; hence, efficiency degrades. The mutual coupling
also relies on element type, the orientation of antenna
elements, and the components feed network. The antenna
array parameters affecting mutual coupling [55], [56] are
impedance bandwidth, gain, and wide scanning ability.
Therefore, wide-band and better active RL over scan angles
is requisite.

C. GAIN FLUCTUATIONS
The gain fluctuations over wide scan angles are also an
issue in phased array antennas. The reduction due to gain
fluctuations must be less than 3 dB while the antenna is
scanning. As per the projection method [57], the array factor
directivity will decay by cos (θ0), where θ0 is the scan angle.
Apart from the directivity, the element beamwidth is also a
critical parameter in scanned arrays. In a wide-band antenna,
the aperture size is decided by the highest frequency of opera-
tion. During wide-angle scanning, the beamwidth at a higher
frequency should be narrower to support low gain variations.
One method is to enhance the wide-angle scanning in arrays
is choosing a wide beamwidth element [58], [59]. Increasing
the inter-element spacing can reduce the mutual coupling,
improving active return loss, but a grating lobe may appear.
Contrary to the above statement, decreasing the inter-element
spacing can provide wide beamwidth with lower gain varia-
tions over scan angles. It can lead to strong mutual coupling,
hence worsening the active return loss. Hence, the design of
phased arrays is obstructed by issues like size, bandwidth, and
scan angle. These issues are interlinked to each other.

D. BEAMFORMER NETWORK
Another aspect of phased arrays is the multiple beams gen-
eration [60]. In advanced phased array antennas, to acquire
far-field directional radiation patterns or shaped beam pat-
terns, the beamforming networks [61] provides excitation
vectors in terms of amplitude and phase. There are differ-
ent beamforming networks that exist to generate multiple
beams [62] to scan over a broad area or to increase the field of
view. To get the desired beamforming in the RF chain without
any active component, a passive multi-beam phased array
antenna plays an active role. It consists of reflectors, lenses,
and various beamforming circuits such as blass matrix [63],
butler matrix [64], etc., where it provides a fixed number of
beams, each pointing at a predefined direction. As compared
to passive, active multi-beam antennas exhibit multiple inde-
pendently digitally controlled beams [65], [66]. Care must be
taken while selecting a beamforming network. In this review,
different techniques to generate multiple beams are outlined
but not focused in detail.

It can be concluded from the above discussion that design-
ing a phased array antenna with low gain variations, main-
taining narrow beamwidth at a higher frequency, avoiding
grating lobe, decaying directivity in wide scan angle, and
avoiding scan blindness is a challenging task. Therefore,
these challenges constrain each other.
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TABLE 1. Comparison of ultra-wideband array antennas.

III. RECENT PROGRESS IN WIDE-BAND ARRAY
ANTENNAS
There is a vast future for UWB array antennas. Researchers
have proposed UWB array antennas such as Vivaldi arrays,
all-metal/body of revolution array, spiral antenna arrays, sin-
uous antenna arrays, and coupled arrays. The comparison of
UWB array antennas is mentioned in Table 1. These array
antennas are discussed in detail.

A. VIVALDI ARRAYS
The commonly used UWB array antenna is the Vivaldi
array, where it has high impedance bandwidth, high gain,
wide scan coverage, dual-polarization, and mechanical sta-
bility. As it has predominant features, also, these are more
popular in receive-only applications in radio astronomy.
In [67], the author presented a focal plane array, cryogenically
cooled, and low noise and its realization for radio astronomy
applications.

It was developed as part of a European technology demon-
strator project called PHAROS, (Phased Arrays for Reflector
Observing Systems).

This array mounted at the focus of a large parabolic reflec-
tor operates over a 4–8 GHz frequency band. The antenna
array with radome is shown in Fig. 1. The author explains the
front-end design implementation with low noise amplifiers
and beamformer networks [68]. The low noise amplifier pro-
vides low loss with low thermal conduction RF connections

FIGURE 1. [67] Vivaldi antenna with Radome.

to the beamforming system. This system consists of four
beamformer modules; each beamformer has 13 RF inputs.
The formation of the number of beams over the array field
of view decides the imaging and surveying speed of the radio
telescope in astronomy. The beamformer systems play an
important role in this type of array.

In [69], a dual-polarized 8 × 9 elements Vivaldi antenna
array has been used for the focal plane array demonstration
of the PHAROS project. This array operates over 4–8 GHz
band. The antenna should design carefully as the antennas
are placed into the cryostat to get a low system temperature.
Fig. 2(a) and (b) shows the front and back view of the
array. It consists of a beamformer network, where the beams
are synthesized using an analog beamformer network [68].
Fig. 2(c) shows the radiation pattern of the antenna array. As it
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FIGURE 2. [69] Vivaldi antenna array (a) front view (b) back view with
beam former unit (c) radiation pattern.

provides significant improvements in illumination perfor-
mances and single beam capability, these focal plane arrays
are of great importance for radio astronomy applications.

B. ALL-METAL / BODY OF REVOLUTION (BOR) ARRAY
Out of all advantages, the Vivaldi antenna can be built
entirely of metal, making it structurally robust, stable,
and simple to construct. To achieve ultra-wide bandwidth,
researchers first developed Body-of-Revolution antennas
based on microstrip patch antennas [70], [71]. In [72],
a tapered slot dual-polarized broadband phased array antenna
made of full metal is presented. These array antennas have
prominent applications in electronic warfare and commu-
nications. This antenna is mechanically stable. This paper
presented BOR elements with dual-polarization and it is easy
to plug and unplug with the active modules. A 17 × 10
dual-polarized all-metal phased array with a 6–18 GHz band-
width and a 45◦ conical scan volume were realized in [72]
and is shown in Fig. 3. There are 18 × 10 = 180 bullet-like
protuberances in a circularly symmetric pattern in this array.
For x and y polarized elements, feeds are given in the spacing
across each protrusion in each x and y-direction. There are a
number of feed points of 17× 10 for horizontal polarization
and 18 × 9 for vertical polarization. Fig. 3(c) and (d) show
the active reflection coefficients of the center elements mea-
sured in the E and H plane, respectively. In these contour
plots, the active reflection coefficient magnitude is displayed
in linear scale in the context of frequency (4–18 GHz) on
the y-axis, while scan angle (−70◦ to +70◦) is on the
x-axis. Contour lines are given for the values of 0.3, 0.5,
and 0.7 (to make these plots as easily understood as feasible).
A VSWR of around 1.9 corresponds to the value 0.3; it comes
close to meeting the criteria of a VSWR < 2. This VSWR
is necessary for scan angles up to 45◦ in all planes in the

FIGURE 3. [72] Dual polarised phased array made entirely of metal
(a) manufactured element (b) manufactured all-metal bullet-like array,
the overall size is about 16 cm × 9 cm (c) E-plane scan active reflection of
the central element (d) H-plane scan active reflection of the central
element.

operating frequency range. The advantage [73] of the BOR
array over the tapered slot array is maintenance simplicity
due to the fact that its neighboring elements are not related
to one another. These antennas are a better choice as there is
no dielectric loss.

C. SPIRAL ANTENNA ARRAYS
It is one of the ultra-wideband radiating elements widely
used in electronic warfare and radio astronomy applications.
In general, spiral antennas have lesser gain. Hence these
are more suitable for receive applications. Especially, this
antenna has a low profile, used as a wearable antenna in
defense applications. Despite the lower gain, this antenna
provides circular polarization over a multi-octave bandwidth.
A spiral antenna’s radiation principle is explained based
on the current band theory [74]–[76]. Instead of getting
2:1 bandwidth with dual-polarized cavity-backed spiral
antenna, connected spiral array antennas [77] can achieve
more bandwidth. With the same size of spiral, using con-
centric ring configuration, with connected spirals band-
width is expanded three times more than the original
0.35–2.1 GHz (6:1). The connected spiral array consists of
eight spirals arranged in ring fashion is shown in Fig. 4(a), and
its side view is shown in Fig. 4(b). This array achieves a low
sidelobe level and scan performance up to θ = 30◦. As shown
in Fig. 4(c), the sidelobe level relative to the main beam
is <−10 dB from 0.35–1.1 GHz (RSLL <−10 dB). The
array radiation pattern as simulated and measured presented
for two cuts ϕ = 0◦ and ϕ = 45◦ at 500 MHz is shown
in Fig. 4(d) and (e). Due to the sequential rotation technique
implemented in a circular array, good circular polarizations of
LHCP and RHCP are achieved with cross-polarization levels
of greater than 15 dB. Because the elements are separated
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FIGURE 4. [77] Manufactured array (a) view from the top (b) view from
the side (c) relative Side lobe level of antenna (d) radiation pattern at
ϕ = 0◦ at 500 MHz (e) radiation pattern at ϕ = 45◦ at 500 MHz.

by 21.92 cm, no scanning and alternative four elements used
for one polarization, there is a chance of appearance of grating
lobes at below 1.37 GHz providing grating zone free area
of lower than 1.1 GHz. This drawback can be eliminated
by increasing the number of concentric rings and fine-tuning
their radii [77]. With this, the grating lobes can be controlled
independently.

In [78], a balun less hexagonal spiral array antenna is
presented in Fig. 5. The array is constituted with hexagonal
spirals fed by a 50-ohm coaxial cable. This circularly polar-
ized array operating over 2–6 GHz without a grating lobe and
achieved scan performance up to 30◦ within 3:1 bandwidth.
As the array is a periodic structure, the author introduces
ferrites to suppress the resonances appearing at the feeding
structure. In [78], the author presented a fabricated and mea-
sured prototype 8×8 array, and its results are shown in Fig. 5.
The gain plot in Fig. 5(c) shows the higher gain of 21 dB
achieved at LHCP polarization.

As the antenna operating in LHCP polarization, see
Fig. 5(d), the array shows less than 3.5 dB of axial ratio at
a 30◦ scan angle. In this array, a triangular lattice of spiral
elements is used to prevent the occurrence of grating lobes.
As a result, a VSWR of less than two is shown in Fig. 5(e).
Still, the axial ratio improvement is needed at higher scan
angles to get a better circular polarized antenna.

FIGURE 5. [78] Hexagonal spiral array (a) simulated spiral element
(b) manufactured array (c) gain (d) axial ratio (e) VSWR of a single
element and array.

In [79], a 2–14GHz dual-polarized ultra wide-band conical
quad spiral antenna as a reflector feed for radio astronomy
receiving applications is presented. In this, dual-polarization
(either RHCP or LHCP) is achieved with combinations of
excitation of opposite spirals. Fig. 6(a) shows the axes sym-
metry of four spirals is at an angle of 16◦ with a Z-axis.
As the array is meant for receiver applications, LNA is con-
nected through the unbalanced port of the wide-band balun.
The configuration of four baluns is shown in Fig. 6(b), and
its s-parameters are presented in Fig. 6(c) and (d). Which
shows the common-mode rejections are better than -10dB.
The co and cross polarizations of the manufactured antenna
are presented in Fig. 6(e). This antenna is an option wherein
radio astronomy, receiving applications.

D. SINUOUS ANTENNA ARRAY
This is also one of the widely used ultra-wideband antennas.
The predominant feature of this antenna is dual-polarization.
Due to lower gain, these antennas are used in receive
applications. Fisher & Bradley [80], [81], selected a sinu-
ous antenna as a full sampling array receiver for parabolic
dish antenna, with the inter-element spacing of 0.7λ at an
operating frequency of 1.4 GHz. Fig. 7 shows the array
of nineteen-element dual-polarized sinuous antennas placed
in a hexagonal pack. The aperture arrays at low frequen-
cies are cost-effective as its size is bigger and it needs
wide bandwidth, dual-polarization, and highly directional
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FIGURE 6. [79] Conical quad-spiral Array (a) fabricated antenna (b) four
balun configuration (c) S-parameters between port1 and port with same
polarization (d) S-parameters between port1 and port with other
polarization (e) radiation pattern.

radiation pattern. Hence, the chosen sinuous array is an aper-
ture array. This is suitable for low noise application.

In [82], the author presented a triangular lattice
sinuous antenna array over 4–18 GHz bandwidth. Its dual-
polarization characteristic is an attractive feature for Elec-
tronic Warfare (EW) applications. In this paper, the return
loss optimization has been done with different growth rates
with fixed outer diameters. The dense arm achieves better
return loss. The simulated model is shown in Fig. 8(a).

The active return loss of unit cell approximation
of sinuous antenna to an extent to infinite array is

FIGURE 7. Hexagonal 19 element sinuous array.

FIGURE 8. [82] Sinuous antenna array (a) simulated model (b) active
return loss of unit cell model at different scan angles phi =0◦
(c) phi =90◦.

shown in Fig. 8(b) and (c). This shows peak resonances
at 15 GHz. Due to the infinite array approximation, these
resonances have occurred. But, these antenna arrays are
best suited as low-profile structures with broadside radiation
characteristics.

E. COUPLED ARRAYS (CA)
Coupled Array antennas have become more popular in recent
investigations owing to their low profile with ultra-wideband,
wide scan performance, and better polarization purity
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FIGURE 9. [83] (a) Fabricated 4× 4 coupled bowtie array prototype
(b) broadside gain of array prototype.

characteristics. These array antennas are more popular in EW
and communication applications.

In 2012, [83] Coupled bowtie array proposed with resistive
FSS structure and superstrate loading shown in Fig. 9(a).
Fig. 9(b) depicts the gain, without FSS deteriorates at
∼3.6 GHz, and with the resistive FSS, the upper frequency of
operation increases to 5.91 GHz, attaining a VSWR ≤ 3 over
21:1 bandwidth. In this article, the twin 50� coaxial lines are
soldered to the elements. These lines are fed by two 16-way
power splitters with a 180◦ hybrid coupler. As mentioned,
the feed network has 2-7 dB loss, and it must be deducted
from the measured gain shown in Fig. 9(b). With a com-
plementary superstrate structure across the band, this array
obtains a radiation efficiency of more than 73%.

Fig. 10 shows a tightly coupled dipole array (TCDA)
with an integrated balun (IB) [84]. Initially, the concept of
TCDA-IB was reported in [85], [86]. In this configuration,
dipole elements and balun are printed together on three layer
board. The major problem in connected arrays is common-
mode [87], [88] currents. When the length of the verti-
cal balun feed reaches λ/2, the common-mode resonances
present. Hence to avoid this, the author chooses the length
of the balun to be 93% of λ/2. Another possible source of
resonances is the surface waves [89], which are present in
scanned arrays. This occurs when the array supports traveling
waves at a particular scan angle. But in TCDA’s surfacewaves
can be avoided using a low dielectric superstrate. On the
single substrate, the array and the balun both are printed;
hence their cost and weight are minimal. Fig. 10 shows
that, due to the removal of an external balun, bandwidth is
amended by 30%, E and H plane scanning range of±45◦ and
6.6:1 bandwidth with an active VSWR < 2.65 is achieved.
This array with dual-polarization configuration achieves
low cross-polarization of <−20 dB in the entire band

FIGURE 10. [84] TCDA-IB 8× 8 prototype a) prototype b) measured VSWR
c) measured H-plane gain at scanning of 45◦ d) measured E-plane gain at
scanning of 45◦.

of operation. The measured VSWR in Fig. 10(b) showing less
than 2:1 at broadside and under 2.5:1 at a ±45◦ scan in both
E and H planes. The measured co and cross-polarized gain at
45◦ scan angle are shown in Fig. 10(c) and 10(d).
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FIGURE 11. [90] UWB TCDA with dual linear polarized (a) manufactured
prototype (b) center element return loss (c) simulated and measured
realized gain (d) E-plane scanning @18 GHz and (e) H-plane
scanning @18 GHz.

In [90], a feed integrated 11 × 11 coupled dipole array
was confronted, as shown in Fig. 11. This is an extension to
work presented in [84], where the scanning range is limited
to 45◦. The dual linear polarized array operates over 2–18
GHz and achieves scanning performance up to 60◦ within 9:1
bandwidth. The prototype array’s measured center element
VSWR is displayed in Fig. 11(b). This shows VSWR < 3
over 2.1–18 GHz. Measurements of realized gain and radi-
ation patterns were carried out using the unit element
active excitation method [91] proposed by D. M. Pozar.
The pattern and gain of each radiating element are mea-
sured while everything else is terminated by a 50 � load.
The previous works [92], [93] exhibits larger bandwidth.
The double-layer FSS superstrate was implemented [94] to
improve the wide-band scan performance.

In [95], the author presented the enhancement of scan-
ning performance using the FSS superstrate. Fig. 11(c)
shows the realized gains at the broadside of the antenna.
Fig. 11(d) and (e) illustrate the normalized radiation patterns
in the E-plane and H-plane, simulated and measured, respec-
tively. Since the only radiating aperture is planar, these arrays
are difficult to scale to lower wavelengths.

FIGURE 12. [96] (a) TCDA prototype (b) measured gain (c) normalized
E-plane pattern at 5.5 GHz.

In [96], the author presented a wide-band coupled dipole
array thickness of 0.176 λlow operating from 2 to 6.0 GHz
with a high gain of 6.9 dBi and scan coverage of ±45◦ from
the broadside. The prototype of the 1-D 8 element TCDA
array is shown in Fig. 12(a). In this paper, the author provides
expanded dipole arms with parasitic strips to the TCDA.
When parasitic strips [97], [98] are added to the TCDA,
the bandwidth enhances. The insertion of parasitic strips bal-
ances the TCDA’s capacitance. The dipole arms are extended
to diminish the effect of surface wave propagation.

The measured realized gain and E-plane radiation pattern
at 5.5 GHz are shown in Fig. 12(b) and (c). Over the opera-
tional band of 2.2–6 GHz, impedance bandwidth is enhanced
by 92.7 % using tight coupling dipole components, parasitic
strips, and a feed network.
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FIGURE 13. [99] 7–21 GHz dual-polarized array (a) CAD model of dipole
layers (b) single element cross-section view (c) mounting of array module
(d) 16× 16 array center element active VSWR.

In [99] author presented the design of a low-cost 16 × 16
dual-polarized PUMA (planar ultra-wideband modular
antenna) array working in 3:1 bandwidth from 7–21 GHz is
shown in Fig. 13.

FIGURE 14. [102] (a) Measurement setup of dipole array (b) measured
and simulated VSWR.

This array comprises coupled dipole elements printed on a
grounded substrate material. In this, the feeding technique to
excite the dipoles is implemented using unbalanced 50-ohm
ports, which decimates the use of outer wide-band balun and
hybrids shown in Fig. 13(b). In Fig. 13(b), through a short
solderless impedance transformer, the right side feed line is
connected to the ground directly, whereas the left side through
is connected to the inner conductor of a 50 � coaxial line.
As shown in Fig. 13(b), the dipole arms are connected to
the ground via an additional pair of plated vias, as it elimi-
nates the common-mode resonances [87]. The PUMA [100]
array assembly can be done modularly using multilayer PCB
emulation, which provides robust, low cost, and fully planar
fabrication as in Fig. 13(c). The PUMA array achieves center
element VSWR< 2.1 over the complete operating frequency
band and VSWR < 2.8 over the scan coverage of ±45◦ from
the broadside, as shown in Fig. 13(d). This array obtained
cross-polarization values of below 15 dB over the frequency
band and the scan coverage of ±45◦ in all the planes. The
PUMA array allows full planar array fabrication.

Generally, finite coupled dipole arrays suffer from less
mutual coupling at edge elements, which changes the edge
elements from wide-band to narrowband [101]. In this
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FIGURE 15. [103] Coupled dipole array using FSS superstrate (a) 12× 12
fabricated prototype array (b) E-plane scanning (c) H-plane scanning for
scan angles of 0◦, 20◦, 40◦, 60◦, and 70◦.

article [102], the author uses commercially available coil-
based ultra wide-band balun. In this balun, 50� coplanar

waveguide (CPW) interconnects with coplanar strips.
In [102], the author presented the coupled phased array with
uniform excitation of all center elements and bypassed edge
elements with matched load or resistors. With this, the array
achieves 3 dB more gain and increased 50% efficiency. The
demonstrated 7×7 dipole array operating from 200–600MHz
is shown in Fig. 14(a). The measured and simulated VSWR
are shown in Fig. 14(b).

Earlier literature coupled dipole arrays use dielectric super-
strates to enhance the scan performance up to±60◦. In [103],
the author presented coupled array with FSS layer printed on
the same layer instead of using bulky dielectric layer sepa-
rately is shown in Fig. 15, achieves 0.5–3.1 GHz impedance
bandwidth with VSWR < 3.2 over the scan angles of ±75◦

in E plane and ±60◦ in H plane.

IV. CONCLUSION
A comprehensive review concerning UWB phased array
antennas for various applications has been carried out in this
paper. Issues of ultra-wideband phased arrays such as grat-
ing lobes rejection, low profile, wide-angle scanning, ease
to manufacture, low gain variations, better active VSWR,
and multiple beam generation are still need to be amended
to encounter the challenging demands of radars, commu-
nications, satellites, and 5G applications. Some beamform-
ing techniques for producing multiple beams are mentioned.
However, it is not detail-oriented. Most of the existed UWB
array antennas, such as Vivaldi arrays, all-metal Arrays, spiral
arrays, sinuous arrays, coupled arrays, etc., are discussed.
From this review, it is clear that Vivaldi arrays, all-metal
arrays, and coupled arrays are classified as high gain arrays.
As seen in the literature, these systems exhibit UWB, wide
scan, and good radiation properties. The spiral and sinuous
arrays are defined as low gain arrays. These exhibit UWB,
circular polarization, and good radiation properties, but scan
performance is limited. The selection of the antenna arrays for
high and low gain systems relevant to different applications
is explained.

Although a lot of research has been proposed for real-
izing the ultra-wideband wide scan phased array antennas,
demands are increasing day by day.

REFERENCES
[1] G. C. Tavik, C. L. Hilterbrick, J. B. Evins, J. J. Alter, J. G. Crnkovich,

J. W. de Graaf, W. Habicht, G. P. Hrin, S. A. Lessin, D. C. Wu, and
S. M. Hagewood, ‘‘The advanced multifunction RF concept,’’ IEEE
Trans. Microw. Theory Techn., vol. 53, no. 3, pp. 1009–1020, Mar. 2005,
doi: 10.1109/TMTT.2005.843485.

[2] E. Brookner, ‘‘Recent developments and future trends in phased arrays,’’
in Proc. IEEE Int. Symp. Phased Array Syst. Technol., Oct. 2013,
pp. 43–53, doi: 10.1109/ARRAY.2013.6731797.

[3] K. Y. Kapusuz and U. Oguz, ‘‘Millimeter wave phased array
antenna for modern wireless communication systems,’’ in Proc. 10th
Eur. Conf. Antennas Propag. (EuCAP), Apr. 2016, pp. 1–4, doi:
10.1109/EuCAP.2016.7481805.

[4] Y. Rahmat-Samii and A. C. Densmore, ‘‘Technology trends and chal-
lenges of antennas for satellite communication systems,’’ IEEE Trans.
Antennas Propag., vol. 63, no. 4, pp. 1191–1204, Apr. 2015, doi:
10.1109/TAP.2014.2366784.

129752 VOLUME 9, 2021

http://dx.doi.org/10.1109/TMTT.2005.843485
http://dx.doi.org/10.1109/ARRAY.2013.6731797
http://dx.doi.org/10.1109/EuCAP.2016.7481805
http://dx.doi.org/10.1109/TAP.2014.2366784


T. Latha et al.: Review on UWB Phased Array Antennas

[5] S. Hussain, S.-W. Qu, W.-L. Zhou, P. Zhang, and S. Yang, ‘‘Design
and fabrication of wideband dual-polarized dipole array for 5G wire-
less systems,’’ IEEE Access, vol. 8, pp. 65155–65163, 2020, doi:
10.1109/ACCESS.2020.2984613.

[6] J.-H. Lee, J.-H. Lee, and J.-M. Woo, ‘‘Method for obtaining three- and
four-element array spacing for interferometer direction-finding system,’’
IEEE Antennas Wireless Propag. Lett., vol. 15, pp. 897–900, 2016, doi:
10.1109/LAWP.2015.2479224.

[7] S. Celentano, A. Farina, L. Timmoneri, and G. Foglia, ‘‘Co-existence
of AESA (Active electronically scanned Array) radar and electronic
warfare (EW) systems on board of a military ship,’’ in Proc. IEEE
Radar Conf. (RadarConf), Sep. 2020, pp. 1–5, doi: 10.1109/Radar-
Conf2043947.2020.9266352.

[8] R. Guo, Y. Ni, H. Liu, F. Wang, and L. He, ‘‘Signal diverse array radar
for electronic warfare,’’ IEEE Antennas Wireless Propag. Lett., vol. 16,
pp. 2906–2910, 2017, doi: 10.1109/LAWP.2017.2751648.

[9] D. R. DeBoer, R. G. Gough, J. D. Bunton, T. J. Cornwell,
R. J. Beresford, S. Johnston, I. J. Feain, A. E. Schinckel, C. A. Jackson,
M. J. Kesteven, A. Chippendale, G. A. Hampson, J. D. O’Sullivan,
S. G. Hay, C. E. Jacka, T. W. Sweetnam, M. C. Storey, L. Ball, and
B. J. Boyle, ‘‘Australian SKA pathfinder: A high-dynamic range
wide-field of view survey telescope,’’ Proc. IEEE, vol. 97, no. 8,
pp. 1507–1521, Aug. 2009, doi: 10.1109/JPROC.2009.2016516.

[10] G. W. Kant, P. D. Patel, S. J. Wijnholds, M. Ruiter, and E. van der Wal,
‘‘EMBRACE: A multi-beam 20,000-element radio astronomical phased
array antenna demonstrator,’’ IEEE Trans. Antennas Propag., vol. 59,
no. 6, pp. 1990–2003, Jun. 2011, doi: 10.1109/TAP.2011.2122233.

[11] K. A. Abdalmalak, G. Santamaria Botello, S. Llorente-Romano,
A. Rivera-Lavado, J. Flygare, J. A. Lopez Fernandez, J. M. Serna
Puente, L. E. Garcia-Castillo, D. Segovia-Vargas, M. Pantaleev, and
L. E. Garcia-Munoz, ‘‘Ultrawideband conical log-spiral circularly polar-
ized feed for radio astronomy,’’ IEEE Trans. Antennas Propag., vol. 68,
no. 3, pp. 1995–2007, Mar. 2020, doi: 10.1109/TAP.2019.2949700.

[12] M. V. Ivashina, O. Iupikov, R. Maaskant, W. A. van Cappellen,
and T. Oosterloo, ‘‘An optimal beamforming strategy for wide-
field surveys with phased-array-fed reflector antennas,’’ IEEE Trans.
Antennas Propag., vol. 59, no. 6, pp. 1864–1875, Jun. 2011, doi:
10.1109/TAP.2011.2123865.

[13] A. V. Ardenne, J. D. Bregman, W. A. V. Cappellen, G. W. Kant, and
J. G. B. D. Vaate, ‘‘Extending the field of view with phased array
techniques: Results of European SKA research,’’ Proc. IEEE, vol. 97,
no. 8, pp. 1531–1542, Aug. 2009, doi: 10.1109/JPROC.2009.2021594.

[14] P.-S. Kildal, ‘‘Some reflector and feed antenna inventions that made a
difference: Fundamentals and examples from radio telescopes, satellite
communications and radio links,’’ in Proc. Africon, Sep. 2013, pp. 1–3,
doi: 10.1109/AFRCON.2013.6757834.

[15] P. J. Gibson, ‘‘The vivaldi aerial,’’ in Proc. 9th Eur. Microw. Conf.,
Brighton, U.K., Sep. 1979, pp. 101–105.

[16] L. Guo andY. F. Qiang, ‘‘Design of a compact wideband dual-polarization
antipodal vivaldi antenna array,’’ in Proc. IEEE Int. Conf. Com-
put. Electromagn. (ICCEM), Mar. 2018, pp. 1–3, doi: 10.1109/COM-
PEM.2018.8496541.

[17] E. G. Tianang, M. A. Elmansouri, and D. S. Filipovic, ‘‘Ultra-wideband
lossless cavity-backed vivaldi antenna,’’ IEEE Trans. Antennas Propag.,
vol. 66, no. 1, pp. 115–124, Jan. 2018, doi: 10.1109/TAP.2017.2775286.

[18] J. T. Logan, R. W. Kindt, and M. N. Vouvakis, ‘‘Low cross-polarization
vivaldi arrays,’’ IEEE Trans. Antennas Propag., vol. 66, no. 4,
pp. 1827–1837, Apr. 2018, doi: 10.1109/TAP.2018.2809492.

[19] T. H. Chio and D. H. Schaubert, ‘‘Parameter study and design of wide-
band widescan dual-polarized tapered slot antenna arrays,’’ IEEE Trans.
Antennas Propag., vol. 48, no. 6, pp. 879–886, Jun. 2000.

[20] Y. Yao, M. Liu, W. Chen, and Z. Feng, ‘‘Analysis and design of wideband
widescan planar tapered slot antenna array,’’ IET Microw., Antennas
Propag., vol. 4, no. 10, pp. 1632–1638, 2010.

[21] J. J. Lee, S. Livingston, and R. Koenig, ‘‘A low-profile wide-band (5:1)
dual-pol array,’’ IEEE Antennas Wireless Propag. Lett., vol. 2, pp. 46–49,
2003.

[22] M.W. Elsallal and J. C. Mather, ‘‘An ultra-thin, decade (10:1) Bandwidth,
modular ‘BAVA’ array with low cross-polarization,’’ in Proc. IEEE Int.
Symp. Antennas Propag. (APSURSI), Jul. 2011, pp. 1980–1983.

[23] K. Trott, B. Cummings, R. Cavener, M. Deluca, and J. Biondi, ‘‘7-21 GHz
wideband phased array radiator,’’ in Proc. IEEE Antennas Propag. Soc.
Symp., vol. 3, Jun. 2004, p. 2265.

[24] G. Cung, T. Spence, and P. Borodulin, ‘‘Enabling broadband, highly inte-
grated phased array radiating elements through additive manufacturing,’’
in Proc. IEEE Int. Symp. Phased Array Syst. Technol. (PAST), Oct. 2016,
pp. 1–9.

[25] H. A. Wheeler, ‘‘Simple relations derived from a phased-array antenna
made of an infinite current sheet,’’ IEEE Trans. Antenna Propag., vol. 13,
no. 4, pp. 506–514, Jul. 1965.

[26] B. A. Munk, Finite Antenna Arrays and FSS. New York, NY, USA:
Wiley,2003.

[27] J. Lu and H. Wu, ‘‘Wideband & wide-angle scanning tightly coupled
dipole array with FSS superstrate,’’ in Proc. IEEE MTT-S Int. Wireless
Symp. (IWS), May 2019, pp. 1–3.

[28] J. A. Kasemodel, C.-C. Chen, and J. L. Volakis, ‘‘Wideband planar
array with integrated feed and matching network for wide-angle scan-
ning,’’ IEEE Trans. Antennas Propag., vol. 61, no. 9, pp. 4528–4537,
Sep. 2013.

[29] E. Yetisir, N. Ghalichechian, and J. L. Volakis, ‘‘Wideband & wide
angle scanning array with parasitic superstrate,’’ in Proc. IEEE Int.
Symp. Antennas Propag. USNC/URSI Nat. Radio Sci. Meeting, Jul. 2015,
pp. 2521–2522.

[30] V. H. Rumsey, ‘‘Frequency independent antennas,’’ in IRE National Con-
vention Record, vol. 5. New York, NY, USA: IEEE, 1957, pp. 114–118.

[31] P. C. Werntz and W. L. Stutzman, ‘‘Design, analysis and construction of
an Archimedean spiral antenna and feed structure,’’ in Proc. IEEE Energy
Inf. Technol. Southeast, vol. 1, Apr. 1989, pp. 308–313.

[32] J. Kaiser, ‘‘TheArchimedean two-wire spiral antenna,’’ IRE Trans. Anten-
nas Propag., vol. 8, no. 3, pp. 312–323, May 1960.

[33] J. T. Apostolos, ‘‘Meander line loaded antenna,’’ U.S. Patent 5 790 080,
Aug. 4, 1998.

[34] D. S. Filipovic and J. L. Volakis, ‘‘Broadband meanderline slot spi-
ral antenna,’’ IEE Proc.-Microw., Antennas Propag., vol. 149, no. 2,
pp. 98–105, Apr. 2002.

[35] M. W. Nurnberger and J. L. Volakis, ‘‘Extremely broadband slot spiral
antenna with shallow reflecting cavities,’’ in Electromagnetics, vol. 20,
no. 4, pp. 357–376, Jul. 2000.

[36] H. Steyskal, J. Ramprecht, and H. Holter, ‘‘Spiral elements for broad-
band phased array,’’ IEEE Trans. Antennas Propag., vol. 53, no. 8,
pp. 2558–2562, Aug. 2005.

[37] I. Hinostroza, R. Guinvarc’h, and R. L. Haupt, ‘‘The design of wide band
planar arrays of spiral antennas,’’ in Proc. IEEE Int. Symp. Antennas
Propag. (APSURSI), Jul. 2011, pp. 609–611.

[38] R. Guinvarc’h, ‘‘Dual polarization wide-band interleaved spiral antenna
array,’’ in Proc. IET Int. Conf. Radar Syst., 2007, pp. 1–5.

[39] S. K. Sharma and B. Shanmugam, ‘‘Radiation pattern characteristics of
a wideband novel modified Archimedean spiral antenna array cover-
ing DCS/PCS/WLAN and LTE wireless communication bands,’’ IEEE
Antennas Wireless Propag. Lett., vol. 10, pp. 1453–1456, 2011.

[40] R. Guinvarc’h and R. L. Haupt, ‘‘Dual polarization interleaved spiral
antenna phased array with an octave bandwidth,’’ IEEE Trans. Antennas
Propag., vol. 58, no. 2, pp. 397–403, Feb. 2010.

[41] I. Hinostroza, R. Guinvarc’h, R. L. Haupt, and K. Louertani, ‘‘A wide-
band planar phased array with spiral antennas,’’ IEEE Trans. Antennas
Propag., vol. 62, no. 9, pp. 4547–4553, Sep. 2014.

[42] I. Tzanidis, K. Sertel, and J. L. Volakis, ‘‘Interwoven spiral array (ISPA)
with a 10: 1 bandwidth on a ground plane,’’ IEEE Antennas Wireless
Propag. Lett., vol. 10, pp. 115–118, 2011.

[43] R. C. Hansen, ‘‘Linear connected arrays,’’ IEEE Antennas Wireless
Propag. Lett., vol. 3, pp. 154–156, 2004.

[44] C. E. Baum, ‘‘Transient arrays,’’ inUltra-Wideband, Short-Pulse Electro-
magnetics, vol. 3. New York, NY, USA: Plenum, 1997, pp. 1–129.

[45] R. Guinvarc’h and R. L. Haupt, ‘‘Connecting spirals for wideband dual
polarization phased array,’’ IEEE Trans. Antennas Propag., vol. 59,
no. 12, pp. 4534–4541, Dec. 2011.

[46] B. Li, J. Zhang, Y. Deng, and Z. Zhou, ‘‘Design of a low-profile ultra-
wideband antenna array based on planar dipole elements,’’ in Proc. IEEE
Radar Conf. (RadarConf), Apr. 2018, pp. 0125–0128.

[47] S. Salman, D. Psychoudakis, J. L. Volakis, L. M. Paulsen, and J. B. West,
‘‘Broadband bowtie-shaped current sheet antenna array,’’ in Proc. IEEE
Int. Symp. Antennas Propag. (APSURSI), Jul. 2011, pp. 94–95.

[48] F. Yang and Y. Rahmat-Samii, ‘‘Reflection phase characterizations of
the EBG ground plane for low profile wire antenna applications,’’ IEEE
Trans. Antennas Propag., vol. 51, no. 10, pp. 2691–2703, Oct. 2003.

[49] R. H. DuHamel, ‘‘Dual-polarized sinuous antennas,’’ U.S.
Patent 4 658 262, Apr. 14, 1987.

VOLUME 9, 2021 129753

http://dx.doi.org/10.1109/ACCESS.2020.2984613
http://dx.doi.org/10.1109/LAWP.2015.2479224
http://dx.doi.org/10.1109/RadarConf2043947.2020.9266352
http://dx.doi.org/10.1109/RadarConf2043947.2020.9266352
http://dx.doi.org/10.1109/LAWP.2017.2751648
http://dx.doi.org/10.1109/JPROC.2009.2016516
http://dx.doi.org/10.1109/TAP.2011.2122233
http://dx.doi.org/10.1109/TAP.2019.2949700
http://dx.doi.org/10.1109/TAP.2011.2123865
http://dx.doi.org/10.1109/JPROC.2009.2021594
http://dx.doi.org/10.1109/AFRCON.2013.6757834
http://dx.doi.org/10.1109/COMPEM.2018.8496541
http://dx.doi.org/10.1109/COMPEM.2018.8496541
http://dx.doi.org/10.1109/TAP.2017.2775286
http://dx.doi.org/10.1109/TAP.2018.2809492


T. Latha et al.: Review on UWB Phased Array Antennas

[50] R. S. Gawande andR. F. Bradley, ‘‘G/T sensitivity comparison of different
topologies using ultra wide band, active, conical sinuous antenna,’’ in
Proc. IEEE Antennas Propag. Soc. Int. Symp., Jun. 2009, pp. 1–4, doi:
10.1109/APS.2009.5172361.

[51] Y. Kang, K. Kim, andW. R. Scott, ‘‘Modification of sinuous antenna arms
for UWB radar applications,’’ IEEE Trans. Antennas Propag., vol. 63,
no. 11, pp. 5229–5234, Nov. 2015, doi: 10.1109/TAP.2015.2477492.

[52] N. Steenkamp, D. I. L. de Villiers, and N. Mutonkole, ‘‘Wideband pyra-
midal sinuous antenna for reflector antenna applications,’’ in Proc. 11th
Eur. Conf. Antennas Propag. (EUCAP), Mar. 2017, pp. 2291–2295, doi:
10.23919/EuCAP.2017.7928397.

[53] D. Li and J. Mao, ‘‘Investigation on dual-armed sinuous antenna,’’ in
Proc. Int. Conf. Microw. Millim. Wave Technol. (ICMMT), May 2012,
pp. 1–4, doi: 10.1109/ICMMT.2012.6230077.

[54] R. J. Mailloux, Phased Array Antenna Handbook. Boston, MA, USA:
Artech House, 2005.

[55] A. T. Hassan and A. A. Kishk, ‘‘Mutual coupling and failure anal-
ysis in phased antenna arrays,’’ in Proc. IEEE Int. Symp. Antennas
Propag. USNC-URSI Radio Sci. Meeting, Jul. 2019, pp. 1757–1758, doi:
10.1109/APUSNCURSINRSM.2019.8889237.

[56] C. A. Balanis, Modern Antenna Handbook. Hoboken, NJ, USA: Wiley,
2011.

[57] D. Trincia, L. Mareaccioli, R. V. Gatti, and R. Sorrentino, ‘‘Modified
projection method for array pattern synthesis,’’ in Proc. 34th Eur. Microw.
Conf., Amsterdam, Netherlands, Oct. 2004, pp. 1397–1400.

[58] G. Yang, J. Li, S.-G. Zhou, and Y. Qi, ‘‘A wide-angle E-plane
scanning linear array antenna with wide beam elements,’’ IEEE
Antennas Wireless Propag. Lett., vol. 16, pp. 2923–2926, 2017, doi:
10.1109/LAWP.2017.2752713.

[59] S. E. Valavan, D. Tran, A. G. Yarovoy, and A. G. Roederer, ‘‘Dual-
band wide-angle scanning planar phased array in X/Ku-bands,’’ IEEE
Trans. Antennas Propag., vol. 62, no. 5, pp. 2514–2521, May 2014, doi:
10.1109/TAP.2014.2307336.

[60] W. Hong, Z. H. Jiang, C. Yu, J. Zhou, P. Chen, Z. Yu, H. Zhang, and
B. Yang, ‘‘Multibeam antenna technologies for 5G wireless communica-
tions,’’ IEEE Trans. Antennas Propag., vol. 65, no. 12, pp. 6231–6249,
Dec. 2017, doi: 10.1109/TAP.2017.2712819.

[61] W. D. Wirth, Radar Techniques Using Array Antennas. May 2013,
pp. 85–112.

[62] H. R. Rohit, B. S. Sachin, P. Aditya, B. Tripathi, and B. S. Prem-
ananda, ‘‘Performance evaluation of various beamforming techniques
for phased array antennas,’’ in Proc. 11th Int. Conf. Comput., Com-
mun. Netw. Technol. (ICCCNT), Jul. 2020, pp. 1–6, doi: 10.1109/ICC-
CNT49239.2020.9225569.

[63] F. Casini, R. V. Gatti, L. Marcaccioli, and R. Sorrentino, ‘‘A novel design
method for Blass matrix beam-forming networks,’’ in Proc. Eur. Radar
Conf., Oct. 2007, pp. 232–235, doi: 10.1109/EURAD.2007.4404979.

[64] F. Y. Zulkifli, N. Chasanah, and E. T. Rahardjo, ‘‘Design of Butler
matrix integrated with antenna array for beam forming,’’ Proc. Int. Symp.
Antennas Propag. (ISAP), Nov. 2015, pp. 1–4.

[65] A. Dhami, N. N. Parekh, and Y. Vasavada, ‘‘Digital beamforming for
antenna arrays,’’ in Proc. IEEE Indian Conf. Antennas Propogation
(InCAP), Dec. 2019, pp. 1–5, doi: 10.1109/InCAP47789.2019.9134687.

[66] B. Yang, Z. Yu, J. Lan, R. Zhang, J. Zhou, and W. Hong, ‘‘Digital
beamforming-based massive MIMO transceiver for 5G millimeter-wave
communications,’’ IEEE Trans. Microw. Theory Techn., vol. 66, no. 7,
pp. 3403–3418, Jul. 2018, doi: 10.1109/TMTT.2018.2829702.

[67] D. Glynn, R. Nesti, J. G. B. de Vaate, N. Roddis, and E. Limiti, ‘‘Realiza-
tion of a focal plane array receiver system for radio astronomy applica-
tions,’’ inProc. Eur.Microw. Conf. (EuMC), Sep./Oct. 2009, pp. 922–925,
doi: 10.23919/EUMC.2009.5296326.

[68] M. Elmer, B. D. Jeffs, K. F. Warnick, J. R. Fisher, and
R. D. Norrod, ‘‘Beamformer design methods for radio astronomical
phased array feeds,’’ IEEE Trans. Antennas Propag., vol. 60, no. 2,
pp. 903–914, Feb. 2012, doi: 10.1109/TAP.2011.2173143.

[69] J. B. D. Vaate and M. Ivashina, ‘‘Focal plane arrays: Radio astronomy
enters the CCD area,’’ in Proc. URSI Gen. Assem., vol. 10, 2005, pp. 1–4.

[70] H. Nakano, K. Morishita, H. Mimaki, and J. Yamauchi, ‘‘Wideband
antennas using fan-shaped and body-of-revolution elements,’’ in Proc.
19th Int. Conf. Appl. Electromagn. Commun., 2007, pp. 1–4, doi:
10.1109/ICECOM.2007.4544456.

[71] H. Nakano, H. Iwaoka, and J. Yamauchi, ‘‘A wideband BOR-PaRP
antenna,’’ in Proc. 1st Eur. Conf. Antennas Propag., Nov. 2006, pp. 1–4,
doi: 10.1109/EUCAP.2006.4585050.

[72] H. Holter, ‘‘Dual-polarized broadband array antenna with BOR-elements,
mechanical design and measurements,’’ IEEE Trans. Antennas Propag.,
vol. 55, no. 2, pp. 305–312, Feb. 2007, doi: 10.1109/TAP.2006.886557.

[73] H. Holter, ‘‘A new type of antenna element for wide-band wide-
angle dual polarized phased array antennas,’’ in Proc. IEEE Int.
Symp. Phased Array Syst. Technol., Oct. 2003, pp. 393–398, doi:
10.1109/PAST.2003.1257014.

[74] R. Guinvarc’h, M. Serhir, and F. Boust, ‘‘A compact dual-polarized
3:1 bandwidth omnidirectional array of spiral antennas,’’ IEEE Anten-
nas Wireless Propag. Lett., vol. 15, pp. 1909–1912, 2016, doi:
10.1109/LAWP.2016.2542982.

[75] M. Serhir and R. Guinvarc’h, ‘‘A low-profile cavity-backed dual-
polarized spiral antenna array,’’ IEEE Antennas Wireless Propag. Lett.,
vol. 12, pp. 524–527, 2013, doi: 10.1109/LAWP.2013.2257654.

[76] M. Lee, B. A. Kramer, C. C. Chen, and J. L. Volakis, ‘‘Dis-
tributed lumped loads and lossy transmission line model for wide-
band spiral antenna miniaturization and characterization,’’ IEEE Trans.
Antennas Propag., vol. 55, no. 10, pp. 2671–2678, Oct. 2007, doi:
10.1109/TAP.2007.905823.

[77] I. D. H. Sáenz, R. Guinvarc’h, R. L. Haupt, and K. Louertani,
‘‘A 6:1 bandwidth, low-profile, dual-polarized ring array of spiral anten-
nas with connecting arms,’’ IEEE Trans. Antennas Propag., vol. 64, no. 2,
pp. 752–756, Feb. 2016, doi: 10.1109/TAP.2015.2492578.

[78] Y. Oh and S. Nam, ‘‘Design of a low-profile 2 to 6 GHz circular
polarized single arm hexagonal spiral array antenna,’’ in Proc. Int. Appl.
Comput. Electromagn. Soc. Symp.-Italy (ACES), Mar. 2017, pp. 1–2, doi:
10.23919/ROPACES.2017.7916048.

[79] K. A. Abdalmalak, S. L. Romano, E. García, and A. G. Lampérez,
‘‘Radio astronomy ultra wideband receiver covering the 2–14 GHz fre-
quency band for VGOS applications,’’ in Proc. 10th Eur. Conf. Anten-
nas Propag. (EuCAP), Apr. 2016, pp. 1–5, doi: 10.1109/EuCAP.2016.
7481889.

[80] J. Fisher and R. F. Bradley, ‘‘Full-sampling array feeds for radio
telescopes,’’ Proc. SPIE, vol. 4015, Jul. 2000, Art. no. 390425, doi:
10.1117/12.390425.

[81] M. V. Ivashina, R. Bradley, R. Gawande, M. Pantaleev, B. Klein, J. Yang,
and C. Bencivenni, ‘‘System noise performance of ultra-wideband feeds
for future radio telescopes: Conical-sinuous antenna and eleven antenna,’’
in Proc. XXXIth URSI Gen. Assem. Sci. Symp. (URSI GASS), Aug. 2014,
pp. 1–4, doi: 10.1109/URSIGASS.2014.6930063.

[82] P. Baldonero, A. Manna, F. Trotta, A. Pantano, and M. Bartocci, ‘‘UWB
double polarised phased array,’’ inProc. 3rd Eur. Conf. Antennas Propag.,
Mar. 2009, pp. 556–560.

[83] W. F. Moulder, K. Sertel, and J. L. Volakis, ‘‘Superstrate-enhanced
ultrawideband tightly coupled array with resistive FSS,’’ IEEE Trans.
Antennas Propag., vol. 60, no. 9, pp. 4166–4172, Sep. 2012, doi:
10.1109/TAP.2012.2210292.

[84] J. P. Doane, K. Sertel, and J. L. Volakis, ‘‘A wideband, wide scanning
tightly coupled dipole array with integrated balun (TCDA-IB),’’ IEEE
Trans. Antennas Propag., vol. 61, no. 9, pp. 4538–4548, Sep. 2013, doi:
10.1109/TAP.2013.2267199.

[85] P. Lindberg, E. Ojefors, Z. Barna, A. Thornell-Pers, and A. Rydberg,
‘‘Dual wideband printed dipole antenna with integrated balun,’’ IET
Microw., Antennas Propag., vol. 1, no. 3, pp. 707–711, Jun. 2007, doi:
10.1049/iet-map:20050286.

[86] J. P. Doane, K. Sertel, and J. L. Volakis, ‘‘A wide-band scanning con-
formal array with a compact compensating balun,’’ in Proc. Antennas
Applicat. Symp., Allerton, IL, USA, Sep. 2012, pp. 58–69.

[87] S. S. Holland andM.N. Vouvakis, ‘‘The banyan tree antenna array,’’ IEEE
Trans. Antennas Propag., vol. 59, no. 11, pp. 4060–4070, Nov. 2011, doi:
10.1109/TAP.2011.2164177.

[88] D. Cavallo, A. Neto, and G. Gerini, ‘‘A wideband (3 to 5 GHz) wide-
scan connected array of dipoles with low cross polarization,’’ in Proc. 6th
Eur. Conf. Antennas Propag. (EUCAP), Mar. 2012, pp. 3239–3242, doi:
10.1109/EuCAP.2012.6206015.

[89] S. F. Mahmoud and Y. M. M. Antar, ‘‘Study of surface waves on
planar high gain leaky wave antennas,’’ in Proc. IEEE Antennas
Propag. Soc. Int. Symp., Jul. 2010, pp. 1–4, doi: 10.1109/APS.2010.
5561276.

[90] J. Zhong, A. Johnson, E. A. Alwan, and J. L. Volakis, ‘‘Dual-linear polar-
ized phased array with 9:1 bandwidth and 60◦ scanning off broadside,’’
IEEE Trans. Antennas Propag., vol. 67, no. 3, pp. 1996–2001, Mar. 2019,
doi: 10.1109/TAP.2019.2891607.

129754 VOLUME 9, 2021

http://dx.doi.org/10.1109/APS.2009.5172361
http://dx.doi.org/10.1109/TAP.2015.2477492
http://dx.doi.org/10.23919/EuCAP.2017.7928397
http://dx.doi.org/10.1109/ICMMT.2012.6230077
http://dx.doi.org/10.1109/APUSNCURSINRSM.2019.8889237
http://dx.doi.org/10.1109/LAWP.2017.2752713
http://dx.doi.org/10.1109/TAP.2014.2307336
http://dx.doi.org/10.1109/TAP.2017.2712819
http://dx.doi.org/10.1109/ICCCNT49239.2020.9225569
http://dx.doi.org/10.1109/ICCCNT49239.2020.9225569
http://dx.doi.org/10.1109/EURAD.2007.4404979
http://dx.doi.org/10.1109/InCAP47789.2019.9134687
http://dx.doi.org/10.1109/TMTT.2018.2829702
http://dx.doi.org/10.23919/EUMC.2009.5296326
http://dx.doi.org/10.1109/TAP.2011.2173143
http://dx.doi.org/10.1109/ICECOM.2007.4544456
http://dx.doi.org/10.1109/EUCAP.2006.4585050
http://dx.doi.org/10.1109/TAP.2006.886557
http://dx.doi.org/10.1109/PAST.2003.1257014
http://dx.doi.org/10.1109/LAWP.2016.2542982
http://dx.doi.org/10.1109/LAWP.2013.2257654
http://dx.doi.org/10.1109/TAP.2007.905823
http://dx.doi.org/10.1109/TAP.2015.2492578
http://dx.doi.org/10.23919/ROPACES.2017.7916048
http://dx.doi.org/10.1109/EuCAP.2016.7481889
http://dx.doi.org/10.1109/EuCAP.2016.7481889
http://dx.doi.org/10.1117/12.390425
http://dx.doi.org/10.1109/URSIGASS.2014.6930063
http://dx.doi.org/10.1109/TAP.2012.2210292
http://dx.doi.org/10.1109/TAP.2013.2267199
http://dx.doi.org/10.1049/iet-map:20050286
http://dx.doi.org/10.1109/TAP.2011.2164177
http://dx.doi.org/10.1109/EuCAP.2012.6206015
http://dx.doi.org/10.1109/APS.2010.5561276
http://dx.doi.org/10.1109/APS.2010.5561276
http://dx.doi.org/10.1109/TAP.2019.2891607


T. Latha et al.: Review on UWB Phased Array Antennas

[91] M. A. Salas-Natera, R. M. Rodriguez-Osorio, and L. de Haro, ‘‘Proce-
dure for measurement, characterization, and calibration of active antenna
arrays,’’ IEEE Trans. Instrum. Meas., vol. 62, no. 2, pp. 377–391,
Feb. 2013, doi: 10.1109/TIM.2012.2217662.

[92] J. Zhong, E. A. Alwan, and J. L. Volakis, ‘‘Ultra-wideband dual-linear
polarized phased array with 60◦ scanning for simultaneous transmit
and receive systems,’’ in Proc. Int. Workshop Antenna Technol.: Small
Antennas, Innov. Struct., Appl. (iWAT), Mar. 2017, pp. 140–141, doi:
10.1109/IWAT.2017.7915340.

[93] Z. D. Wang, Y. Z. Yin, X. Yang, and J. J. Wu, ‘‘Design of a wideband
horizontally polarized omnidirectional antenna with mutual coupling
method,’’ IEEE Trans. Antennas Propag., vol. 63, no. 7, pp. 3311–3316,
Jul. 2015, doi: 10.1109/TAP.2015.2429733.

[94] J. Zhong, E. A. Alwan, and J. L. Volakis, ‘‘2 to 18 GHz ultra-wideband
dual-linear polarized phased array with 60◦ scanning,’’ in Proc. Int.
Appl. Comput. Electromagn. Soc. Symp. (ACES), Mar. 2018, pp. 1–2, doi:
10.23919/ROPACES.2018.8364168.

[95] J. P. Doane, K. Sertel, and J. L. Volakis, ‘‘A 6.3:1 bandwidth scan-
ning tightly coupled dipole Array with co-designed compact balun,’’
in Proc. IEEE Int. Symp. Antennas Propag., Jul. 2012, pp. 1–2, doi:
10.1109/APS.2012.6348918.

[96] Y. Wang, L. Zhu, H. Wang, Y. Luo, and G. Yang, ‘‘A compact, scanning
tightly coupled dipole array with parasitic strips for next-generation
wireless applications,’’ IEEE Antennas Wireless Propag. Lett., vol. 17,
no. 4, pp. 534–537, Apr. 2018, doi: 10.1109/LAWP.2018.2798660.

[97] B. Munk, R. Taylor, T. Durharn, W. Croswell, B. Pigon, R. Boozer,
S. Brown, M. Jones, J. Pryor, and S. Ortiz, ‘‘A low-profile broadband
phased array antenna,’’ in IEEE Antennas Propag. Soc. Int. Symp. Dig.
Held Conjunct.: USNC/CNC/URSI North Amer. Radio Sci. Meeting,
vol. 2, Jun. 2003, pp. 448–451, doi: 10.1109/APS.2003.1219272.

[98] H.-Y. Zhang, F.-S. Zhang, F. Zhang, T. Li, and C. Li, ‘‘Bandwidth
enhancement of a horizontally polarized omnidirectional antenna by
adding parasitic strips,’’ IEEE Antennas Wireless Propag. Lett., vol. 16,
pp. 880–883, 2017, doi: 10.1109/LAWP.2016.2613875.

[99] S. S. Holland, D. H. Schaubert, and M. N. Vouvakis, ‘‘A 7-21 GHz dual-
polarized planar ultrawideband modular antenna (PUMA) array,’’ IEEE
Trans. Antennas Propag., vol. 60, no. 10, pp. 4589–4600, Oct. 2012, doi:
10.1109/TAP.2012.2207321.

[100] S. S. Holland and M. N. Vouvakis, ‘‘The planar ultrawideband modular
antenna (PUMA) array,’’ IEEE Trans. Antennas Propag., vol. 60, no. 1,
pp. 130–140, Jan. 2012, doi: 10.1109/TAP.2011.2167916.

[101] M. Jones and J. Rawnick, ‘‘A new approach to broadband array
design using tightly coupled elements,’’ in Proc. IEEE Mil. Com-
mun. Conf. (MILCOM), Oct. 2007, pp. 1–7, doi: 10.1109/MIL-
COM.2007.4454764.

[102] I. Tzanidis, K. Sertel, and J. L. Volakis, ‘‘UWB low-profile tightly cou-
pled dipole array with integrated balun and edge terminations,’’ IEEE
Trans. Antennas Propag., vol. 61, no. 6, pp. 3017–3025, Jun. 2013, doi:
10.1109/TAP.2013.2250232.

[103] E. Yetisir, N. Ghalichechian, and J. L. Volakis, ‘‘Ultrawideband
array with 70◦ scanning using FSS superstrate,’’ IEEE Trans.
Antennas Propag., vol. 64, no. 10, pp. 4256–4265, Oct. 2016, doi:
10.1109/TAP.2016.2594817.

THOKALA LATHA (Member, IEEE) received the
B.Tech. degree in electronics and communica-
tions engineering (ECE) from Jawaharlal Nehru
Technological University, Ananthapur, and the
M.Tech. degree in RF and microwave engineer-
ing, and electronics and electrical communica-
tion engineering from I.I.T Kharagpur. She joined
the Electronics and Radar Development Establish-
ment (DRDO), Bengaluru, as a Scientist, in 2010.
She has designed and developed narrowband

phased array antennas, such as cavity backed microstrip patch array antennas
and slotted waveguide array antennas. She also designed microstrip and
stripline feed networks for various radars. Later, she joined the Defence Elec-
tronics Research Laboratory (DRDO), Hyderabad, as a Scientist, where she
has worked on the design and development of large variety of EW antennas,
such as broad band cavity backed archimedean spiral antennas, base line
interferometer spiral arrays, dual polarized sinuous antennas, baluns, and
hybrid networks. Apart from that, she has designedmicrostrip patch antennas
for IRNSS andGPS applications. Presently, she is involving in the design and
development of broadband T/R modules and its subsystems.

GOPI RAM (Member, IEEE) received the B.E.
degree in electronics and telecommunication engi-
neering from the Government Engineering Col-
lege, Jagdalpur, Chhattisgarh, India, in 2007,
the M.Tech. degree in telecommunication engi-
neering from the National Institute of Technol-
ogy, Durgapur, West Bengal, India, in 2011.
In 2012, he joined as a full-time Institute Research
Scholar with the National Institute of Technology,
Durgapur, to carry out research his Ph.D. degree.

He received the Scholarship from the Ministry of Human Resource and
Development (MHRD), Government of India, from 2009 to 2011 (M.Tech.)
and from 2012 to 2016 (Ph.D.). He has published more than 70 research
papers in international journals and conferences. His research interests
include analysis and synthesis of antenna array via bio-inspired evolutionary
algorithm and antenna array optimization of various radiation characteristics.

G. ARUN KUMAR (Senior Member, IEEE) was
born in Hyderabad, India, in 1982. He received
the B.E. degree in electronics and communications
engineering from Osmania University, in 2004,
and the M.E.Tel.E. and Ph.D. degrees in elec-
tronics and telecommunications engineering from
Jadavpur University, in 2006 and 2012, respec-
tively. He joined the Circuits and Systems Divi-
sion, Society for Applied Microwave Electronic
Engineering and Research (SAMEER), Kolkata,

India, under the Ministry of Electronics and Information Technology
(MeitY), Government of India, in 2010, where he worked as a Scientist-
B, from 2010 to 2014, and a Scientist-C from 2014 to 2018. In June 2018,
he joined the Electronics and Communication Engineering Department,
National Institute of Technology, Warangal, where he is currently an Assis-
tant Professor. He has successfully completed two projects sponsored by
DRDO andmore than ten projects sponsored byMeitY. His research interests
include simulation, modeling, and design of millimeter wave active and
passive circuits, MMIC design, metamaterials, time modulated components,
and substrate integratedwaveguide circuits. He is a LifeMember of IETE and
the Society of EMC Engineers, India. He received the Early Career Research
Award from DST-SERB, in 2019.

MADA CHAKRAVARTHY received the B.Tech.
degree in electronics and communications engi-
neering (ECE) from Jawaharlal Nehru Tech-
nological University College of Engineering,
Kakinada, the M.E. (M.R.E.) degree from the Uni-
versity College of Engineering, Osmania Univer-
sity, Hyderabad, and the Ph.D. degree from the
University College of Engineering, Andhra Uni-
versity, Visakhapatnam. He joined as a Scientist-B
with the Defence Electronics Research Labora-

tory (DRDO), in 1989. He has designed and developed multioctave band
microwave EW antennas, radomes, and antenna subsystems for tri services.
He has worked on the development of large variety of EW antennas, such
as broad band cavity backed spiral antennas, log periodic antennas, and base
line interferometer spiral arrays. In addition, he has developed broadband
high strength radomes for airborne, ship borne, and under water platforms.
Presently, he is heading the antenna wing of DLRL. He is a member of IETE.

VOLUME 9, 2021 129755

http://dx.doi.org/10.1109/TIM.2012.2217662
http://dx.doi.org/10.1109/IWAT.2017.7915340
http://dx.doi.org/10.1109/TAP.2015.2429733
http://dx.doi.org/10.23919/ROPACES.2018.8364168
http://dx.doi.org/10.1109/APS.2012.6348918
http://dx.doi.org/10.1109/LAWP.2018.2798660
http://dx.doi.org/10.1109/APS.2003.1219272
http://dx.doi.org/10.1109/LAWP.2016.2613875
http://dx.doi.org/10.1109/TAP.2012.2207321
http://dx.doi.org/10.1109/TAP.2011.2167916
http://dx.doi.org/10.1109/MILCOM.2007.4454764
http://dx.doi.org/10.1109/MILCOM.2007.4454764
http://dx.doi.org/10.1109/TAP.2013.2250232
http://dx.doi.org/10.1109/TAP.2016.2594817

