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ABSTRACT With the recent advancement and phenomenal progress in the field of wireless communication
technology, there is an ever increasing demand for high data rates and improved quality of service for the
end users. In recent times various designs of super wideband antennas (SWB) fulfilling diverse objectives
have been proposed for modern wireless networks. Design of compact and wideband antenna for high
speed, high capacity, and secure wireless communications presents a challenging task for designers of fixed
and mobile wireless communication systems. In this paper, a comprehensive review concerning antenna
structures and the technologies adopted for design and analysis of SWB antennas for wireless application is
reported. Comparative parameters in terms of electrical dimension, bandwidth, Fractional bandwidth (FB)
and Bandwidth Dimension Ratio (BDR) are presented which introduces the researchers to the technical
challenges in the design of a compact wideband antenna. This paper contributes to present existing novel
approaches along with its adequacy in the design techniques. This review exercise will assist the researchers
with valuable support for further research and to achieve better impedance matching, wide bandwidth, high
gain and good efficiency along with well directive radiation characteristics.

INDEX TERMS Bandwidth dimension ratio, compact design, fractal antenna, monopole antenna, super
wideband antenna.

I. INTRODUCTION
In the present modern era of wireless communication due to
the increase in demands for higher data rate, capacity and res-
olution, the design of wideband antennas with enhanced radi-
ation characteristics are capturing great importance [1], [2].
With the exponential growth of mobile systems toward the
fifth-generation (5G), there is a great demand for compact,
multiband and enhanced bandwidth antenna with high gain
and good radiation efficiency [3]. The designed antenna
should be compact in dimension to be integrated into portable
wireless devices and RF circuits used for both civilian and
military applications [4].
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In recent years, UWB systems have fascinated the new
wireless world with its attractive features like multiband
communication, high data rate and minimal requirement
of operational energy [5]. According to the Federal Com-
munication Commission (FCC) regulation, Ultrawide- band
(UWB) antennas are functional over a frequency range
of 3.1-10.6 GHz (ratio bandwidth of 3.4:1) for remote
sensing, radar imaging and wireless personal area network
applications [6], [7].

An appropriate UWB antenna should attain an absolute
minimum bandwidth of 500 MHz or a minimum fractional
bandwidth of 20% [8]. In spite of having a wide frequency
range, UWB antennas are not suitable for a large number
of communication systems. Even if the entire bandwidth of
UWB (7.5 GHz) is used potentially, the maximum power that
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can be transmitted by UWB transmitter is 0.566 mW or even
less. This amount of transmitted power is not even a frac-
tion of transmitted power, required for applications falling
under ISMbands. UWBantennas also exhibit slow adaptation
rate and long signal acquisition time. Due to these issues
UWB systems are restricted to use for indoor communication
only. SWB antennas can play a crucial role to overcome
the limitations of UWB communications. Present users of
wireless personal area network emphasize a strong desire for
SWB antenna as it is good enough for both short and long
range communication [9]. SWB antennas can support a large
number of wireless applications with a single device [10].
Also,in recent times, there is a demand for sensors in public
surveillance domain that could provide extremely high data
rate, large range, higher and better Doppler resolution to
screening. To meet the aforesaid demand SWB radio tech-
nology could be the best key solution as it provides high
resolution imaging, sensing and screening in free space as
well as lossy medium [11].

SWB antenna supports high channel capacity and delivers
voice and video transmission at a higher data rate. Due to its
large bandwidth, SWB technology can be used for spectrum
sensing in cognitive radios and it is suitable for various wire-
less frequency applications such as Amature Radio, Global
Positioning System(GPS), Global System for Mobile com-
munication (GSM), Personal communications service (PCS),
Industrial, scientific and medical (ISM), Bluetooth, Wire-
less local area network (WLAN), Satellite communication
systems, Defense systems, Doppler navigation aids, Radio
astronomy, Aeronautical radio navigation [12].

SWB antenna does not have a predefined range of oper-
ating frequency. Antenna having bandwidth ratio 10:1 main-
taining a return loss less than−10 dB and VSWR less than 2,
over the entire range of operating frequency is considered as
SWB antenna [11], [12]. This type of antenna can be used
for both long and short range of communication. Factors
that influence the wideband antenna designing are resistance
to jamming, high data rate, transmission power, multipath
performance etc. [5].

Miniaturization and wideband behavior of antenna can
be achieved by fractal geometry techniques [13], [14]. This
technique is based on self-similarity and space filling prop-
erty [15]. Self-similarity leads to an increase in impedance
bandwidth while its space filling property expands the elec-
trical dimension of the antenna structure without affecting its
physical dimension [16]. Various fractal configurations such
as Koch structure, Sierpinski structure, Dragon structure,
Minkowski curve, Hilbert curve and Fractal tree have been
reported for reduction of size of the antenna [17], [18].

There are several factors which determine the performance
of antenna such as gain, radiation pattern, directivity, polar-
ization, return loss and bandwidth [19]. In antenna designing,
the structure of radiator and ground plane, position of feed,
and dielectric constant of substrate are optimized to achieve
the desired antenna characteristics [20], [21].

Comparative analysis of different proposed antennas has
been done in terms of Bandwidth dimension ratio (BDR)
which illustrates the compactness and wideband properties of
any proposed antenna [11], [22]. BDR measures the amount
of fractional usable bandwidth provided per electrical unit
area. A high value of BDR in antenna designing is desired
to confirm wideband antenna characteristics with compact
structure. BDR can be expressed as [38]

BDR =
BW%

λlength × λwidth
(1)

where λlength and λwidth are the length and width of the
antenna in terms of wavelength corresponding to the lower
cut off frequency.

Antenna bandwidth is the range of frequency, over which
the value of antenna performance parameters such as input
impedance, beamwidth, radiation efficiency, polarization,
gain, and sidelobe level is achieved within its standard
acceptable limit [23]. In wireless communications system
the antenna should have return loss less than −10 dB over
its entire bandwidth [24], [25]. Bandwidth of the antenna
can be determined in terms of fractional usable bandwidth
and bandwidth ratio. Fractional usable bandwidth (FBW)
is a measure of bandwith with respect to centre frequency
whereas bandwidth ratio (RB) is a comparison of lower and
upper frequency bound.SWB antenna needs to maintain a
minimum bandwidth ratio of 10:1 [11]. FBW & RB can be
calculated by following formulae [24] respectively.

FBW =
(fh − fl)

fc
× 100 (2)

RB =
fh
fl

(3)

where fh and fl are the higher and lower bound of bandwidth
and fc denotes the center frequency. Higher the FBW percent-
age, broader the bandwidth of antenna achieved.

To assure a reasonable comparison among the proposed
SWB antennas, their performances characteristics in terms
of bandwidth ratio, fractional usable bandwidth, electrical
dimension and bandwidth dimension ratio are included and
presented in Table 2 of Section 5. The research article aims
to introduce the existing approaches and techniques of SWB
antenna designing and to ease future research on SWB
antenna designing by providing a direction for the decision
on design aspects.

II. CONTRIBUTION
The main contributions of this paper are as follows.
• It provides an overview of contemporary techniques
used for SWB antenna designs to achieve wide band-
width operation with smaller dimension.

• The paper also describes the present challenges in
achieving compact size, high gain and omnidirectional
wideband antenna.
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TABLE 1. Comprehensive survey on super wideband antenna design techniques.
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TABLE 1. (Continued.) Comprehensive survey on super wideband antenna design techniques.
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TABLE 1. (Continued.) Comprehensive survey on super wideband antenna design techniques.
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TABLE 1. (Continued.) Comprehensive survey on super wideband antenna design techniques.
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TABLE 1. (Continued.) Comprehensive survey on super wideband antenna design techniques.

• Constraints and associated complications with the
design of SWB antenna followed by a discussion of all
relevant research articles are presented.

This paper is organized as follows. In Section III, param-
eters for the design of SWB antenna is discussed.
Section IV, presents the key literature of SWB antenna.
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TABLE 1. (Continued.) Comprehensive survey on super wideband antenna design techniques.
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TABLE 1. (Continued.) Comprehensive survey on super wideband antenna design techniques.

Section V presents a comparison based on the performance
characteristics in terms of bandwidth ratio, fractional usable
bandwidth, electrical dimension and bandwidth dimension

ratio. Section VI summarizes the contributions and interprets
the observations. In Section VII, concluding remarks have
been drawn from the aforesaid study.
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TABLE 1. (Continued.) Comprehensive survey on super wideband antenna design techniques.

III. PARAMETERS FOR DESIGN OF SWB ANTENNA
A. VSWR AND REFLECTION COEFFICIENT
As electromagnetic waves travel from the source to the
antenna through the feedline and finally the antenna radi-
ates electromagnetic waves in free space. In this process,
EMwaves may confront distinct impedance at each interface.
Rely on the impedance mismatch part of some energy will get
reflected back to the source producing a standing wave. Volt-
age standingWave Ratio (VSWR) is the ratio of maximum to
minimum voltage along the transmission line. Ideally, VSWR
should be one [26], [27].

Reflection coefficient (S11) is the ratio of reflected field to
incident field. It measures how much of the incident energy
is reflected back. Zero Reflection coefficients indicate per-
fect impedance matching between the source and the load
which in turn results in unity standing wave ratio. Reflection
coefficient must be lower than −10 dB in the entire band
of frequency. In order to support wireless communication
even in unfavorable and mobile environment, it is always a
good practice to enable the bandwidth of the antenna consid-
ering below −14dB return-loss [28]. Reflection coefficient
(S11) and VSWR can be calculated through antenna input
impedance as a function of frequency.

Expression for Reflection coefficient can be mentioned
as [26], [27]

S11 =
ZL − ZA
ZL + ZA

(4)

ZA is the characteristics impedance of antenna and ZL is
the load impedance of the transmission line.

For a transmission line VSWR is defined as [26], [27]

VSWR =
1+ |S11|
1− |S11|

(5)

Return loss can be evaluated by following formula [28]

Return Loss,RL = −20 log10 |S11| dB (6)

B. ISOLATION COEFFICIENT (S12)
It is an important parameter that measures the coupling in the
structure of the antenna. A large value of isolation gives non-
correlated transfer of signals at both the ports [28]. Isolation
Coefficient (S12) should be less than −13 dB over the entire
frequency band. Isolation of a two port device can be calcu-
lated by following formula [29]

Isolation = −10 log10 |S12|
2 dB (7)

C. TIME DOMAIN ANALYSIS
SWB antenna transmits short duration pulses which are in
the order of few hundreds of pico-seconds [30]. Time domain
analysis is performed in-line to assure that the obtained pulse
is a clone of the transmitted pulse [31]. So in order to validate
the performance of SWB antenna in terms of time domain
various parameters are evaluated such as fidelity factor, group
delay and phase response [32]. In performing these analyses,
two similar antennas separated by some distance are consid-
ered as transmitting and receiving antenna. To examine the
performance of the system, two distant orientations (face to
face and side to side) of transmitting and receiving antenna
are taken into account. For time domain analysis it is consid-
ered that the transmitting antenna is excited with a Gaussian
impulse signal [33].
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TABLE 2. Comparison of existing super wideband antenna design based on various parameters.
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TABLE 2. (Continued.) Comparison of existing super wideband antenna design based on various parameters.

Fidelity factor indicates the correlation or resemblance
between the transmitted and received pulses. The equiva-
lence between the normalized amplitude of transmitted and
received pulse signal indicates the value of fidelity factor
for that specific communication. Higher the value of fidelity
factor lesser the distortion presents in the received pulse [34].

To analyze pulse distortion of a signal, time domain char-
acteristics of an antenna are very important. Pulse distortion
of a signal can be quantified by a parameter called Fidelity
Factor (FF). FF is the maximum magnitude of the cross
correlation of the radiated E-field and the input signal.

The normalized transmission signal pulse and recep-
tion signal pulse is defined by following equations [34]
respectively.

∧

Ts(t) =
Ts(t)[

∞∫
−∞

|Ts(t)|2 dt

]1/2 (8) (8)

∧

Rs(t) =
Rs(t)[

∞∫
−∞

|Rs(t)|2 dt

]1/2 (9) (9)

where Ts(t) is the transmitted pulse and Rs(t) is the pulse at
the receiving antenna port.

The cross-correlation between both signals is done at every
point in time and the maximum value of this correlation is
obtained when both pulses overlap.

The Fidelity Factor can be expressed by equation [34]
mentioned as

FF = max
T

∞∫
−∞

∧

Ts(t)
∧

Rs(t + τ )dt (10)

The value of FF lies between 0 and 1. When the value of FF
is 1, the received signal pulse is exactly same as the input
signal pulse at the transmitter without any system loss. If the
value of FF is 0, then the received signal pulse is completely
different from that of transmitter input signal. The received

pulse becomes completely unrecognized if the FF value is less
than 0.5.

Group delay evaluates the phase distortion between the
transmitted and received signals. The time required for a
signal to travel from one antenna terminal to another antenna
terminal gives the average group delay. It is mathematically
computed as the negative derivative of phase response with
respect to frequency and is specified as [34]

τg (ω) = −
dφ (ω)
dω

= −
dφ (ω)
2πdf

(11)

where ϕ denotes the phase response of the transmitted signal
and ω represents the frequency in radians per second.

By observing at the antenna group delay, the phase linearity
within the range of frequency of interest can be calculated.
The phase response and group delay are associated with the
antenna gain response. The group delay must be almost con-
stant or its deviation should be less than 1 ns, which implies
a linear phase response over the entire range of frequency.
This linear phase response ensures transmission of pulse with
minimum distortion.

IV. REVIEW OF SWB TECHNIQUES
To fulfill the requirement of broadband services, many band-
width enhancement techniques have been introduced by var-
ious researchers which include suitable selection of substrate
and feeding techniques. Bandwidth enhancement can also
be obtained by overlapping of multiple resonances. Multiple
overlapped resonance can be introduced by inserting slots
in the patch and by modification in the ground plane and
patch. Dimension of structures and locations of the slots
should be optimized so as to introduce resonances in the
frequency band.

To achieve good impedancematching between the feed and
patch, an impedancematching network can be utilized. Lower
portion of the patch near the feed can be trimmed linearly,
stepped, circularly or exponentially to attain wide bandwidth
operation. The impedance bandwidth of the antenna also
relies on the ground plane due to coupling effect between the
ground plane and the lower part of the radiator. The edge of
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the ground plane below the patch can be stepped, linear or
exponentially tapered which leads to depletion of capacitance
between the lower portion of the radiator and the ground
plane.

In order to improve the impedance matching in SWB
antennas, distinct variety of feeding techniques such as
linearly tapered feed, symmetric and asymmetric coplanar
waveguide feed are used. Wide bandwidth can also be
achieved by applications of Fractal geometries in the patch.
Table 1 includes the novel approaches adopted for the design
of SWB antenna over the years.

V. COMPARISON OF EXISTING RESEARH BASED ON
THE PERFORMANCE CHARACTERISTICS
All the antennas considered in Table 1, are compared on the
basis of different design parameters and listed in Table 2. It is
found that the dimension and substrate material have a great
influence in the super wide band antenna designing.

VI. SUMMARY AND INTERPRETATION
In this review article, the antenna research targeting to super
wide bandwidth has been addressed with sufficient number of
relevant research articles. In TABLE 1, yearwise arrangement
of super wide band antenna is made including their design
methodology, main design focus and structural picture. Also
inferences have been drawn for individual work illustrat-
ing some observations and research gaps. In TABLE 2, all
relevant works are rigourously compared based on size of
the structure, size in terms of wavelength, frequency range,
percentage bandwidth, bandwidth ratio, BDR and substrate
material used. Some interpretations can be made from this
comparison table as mentioned below.

FIGURE 41. Area (λ2) Vs BW%.

1) As the antenna area reduces, bandwidth percentage
increases. A graph has been drawn in Figure 41 to
illustrate the relation between bandwidth percentage
and antenna structure area. It can be concluded that

bandwidth percentage is inversely related to antenna
structure area.

2) Dielectric with relative permittivity around 2.2 and
thickness 1.6 mm is the most suitable substrate for
achieving high value of BDR for SWB antenna
designing.

The utilisations of this review article can be expected
for (i) referring different structures to achieve super wide
band antenna; (ii) deciding the area of a new SWB antenna
structure; (iii) choosing a substrate material to attain high
BDR with SWB antenna.

VII. CONCLUSION
SWB antenna can support high data rate for voice and video
transmission because of its greater channel capacity. Due
to its large bandwidth, SWB technology can be used for
spectrum sensing in cognitive radios, Amature Radio, Global
Positioning System (GPS), Global System for Mobile com-
munication (GSM), Personal communications service (PCS),
Industrial, scientific and medical (ISM), Bluetooth, Wireless
local area network (WLAN), Satellite communication sys-
tems applications, Defense systems, Doppler navigation aids,
Radio astronomy, Aeronautical radio navigation. This article
presents a comprehensive illustration of different design tech-
niques for SWB antenna.

The detailed comparison tables in this article guides
researchers in choosing geometries of antenna structure and
material properties for desired gain, bandwidth and time
domain response according to the applications of the system.

Considering the investigation carried out in this review
article, the following discussions concerning the presented
antennas can be highlighted.
• There is a necessity of compact wideband antenna with
large bandwidth dimension ratio comprising less dis-
tortion, high gain, good efficiency and stable radiation
pattern over the entire band.

• Proposed antennas need to follow the FCC guidelines
on the restriction of power emission concerning the
potential threats of human exposure to radio-frequency
(RF) energy.

• SWB antenna should be designed in such a way that its
ratio bandwidth should be greater than 10:1.

This review work provides an insight for understanding the
trends of SWB antenna development. It also aims to provide a
reference for research interest, in improving the SWB antenna
design to achieve better overall performance and compact size
for diverse wireless applications.
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