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Nowadays, more attention has been given into ultrawideband by dint of its extraordinary features over narrowband com-
munication systems. )is study presents a novel compact with tilted square frames shape antenna with partial ground plane. )e
proposed antenna is printed on commercially available Fr4 substrate with relative thickness of 1.6mm.)e antenna has compact
dimensions of 14×18mm2 with bandwidth ranging from 3.3 to 11.5GHz.)e peak gain obtained is 1.4 dBi with omnidirectional
radiation characteristics throughout the entire bandwidth. )e proposed antenna is fabricated, and the developed prototype
measured results, which well agree with simulated results. With the performance parameters obtained and the well agreed
measured results, the proposed antenna is well suitable for Wi-Fi, ISM, and UWB applications.

1. Introduction

)e rapid progress of wireless communication systems has
emerged the need of wideband antenna, since they cover
majority of applications. After the announcement of ul-
trawide band (UWB) by federal services commission, several
antennas designs have been proposed in order to be
deployed on the industrial scale. With low energy con-
sumption, better channel capacity characteristics within the
partial range, unmanned vehicles (UAVs), and body area
networks (WBANs) [1, 2], the UWB antennas are emerging
as most promising candidates for future wireless commu-
nication systems [3, 4]. UWB antenna role as compared to
the conventional narrowband antenna system is unique and
vital. Also, printed antenna technology light weight and low-
cost fabrication characteristics as compared to conventional
antenna structures provide quick and reliable wireless

communication access. In published literature, several an-
tennas have been reported on UWB technology [5–10].

In literature, several wide and ultrawideband antenna
structures have been reported. With a size of 121× 314mm2,
a wide band antenna is reported in [5] with bandwidth of
approximately 4.6GHz ranging from 3.4 to 8GHz. )e
shape of the antenna comprises a leaf structure with partial
ground plane. )e proposed antenna is well developed but is
difficult to integrate in RF circuits due to its unconventional
size. Similarly, in [6], an UWB is proposed with the total size
of 31× 23mm2, having bandwidth characteristics ranging
from 3 to almost 15GHz.)e antenna is small in size, but the
gain variations are quite big. In [7], a monopole antenna is
presented with elliptical slot rings. With nearly gain up to
3.5 dBi, the antenna exhibits good flat gain near the entire
resonating spectrum, but the size of antenna is quite large up
to 100×100mm2.
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A miniaturized UWB antenna with dimensions of
9.11× 10.8mm is proposed in [8] with an operating band-
width of at least 1GHz around a centre frequency of 4GHz
for implantable applications. )e M-shaped antenna reso-
nating with 5600MHz bandwidth ranging from 3.25 to
8GHz is covered in [9], with large size of 100×160mm2.)e
V shape antenna with truncated ground plane is presented at
[10]; the size of the antenna is 28× 36mm, and the gain
varies between 0.5 and 2 dB. In [11–14], several antennas
have been developed for UWB applications, but they come
in large sizes. In [14], the wideband response of 8GHz has
been reported, but the size of the antenna is 50× 50mm.
Such type of large sizes makes antenna difficult to embed in
modern RF devices. A compact antenna with single notch
characteristics has been reported in [15] using split ring slots.
)e size of the antenna is 23× 20mm. Similarly, in [16, 17],
UWB antennas are proposed with band notch characteristics
with approximate size of 30× 34mm2 and 32× 36mm2. A
multilayered compact 3D antenna in [18] exhibits wideband
impedance characteristics of 40%. )e multilayer structure
makes it complex to fabricate. A ring loaded circular patch in
[19] covers the bandwidth from 4.27 to 8.72GHz.

In the reported works, the UWB structures are found
to be at either exceptionally large or small with gain
variations. )e modern RF communication systems re-
quire the antennas to be compact in size, so that they
could easily be embedded. )erefore, this research
presents a novel UWB antenna with a compact size of
225mm2 and flat gain of 1.2–1.4 dBi. )e proposed an-
tenna is well compact in size as compared to the pub-
lished literature and is suitable for next generation UWB
systems.

2. Antenna Design

)e proposed antenna is designed on commercially available
FR4 substrate with relative permittivity of 4.3 and loss
tangent of 0.02. )e overall dimension of the proposed
antenna is 18×14×1.6mm3. Figure 1 shows the overall view
and dimension of the proposed antenna.

)e printed monopole UWB antenna has been trans-
formed in a sequence of steps. )e aim of the proposed
antenna was to resonate at ultrawideband range. Figure 2
shows the step-by-step design development of the proposed
antenna. In stage 1, a square frame tilted at 45° with half
ground plane was introduced. In this stage, the resonance
response achieved was almost 1.5GHz ranging from 7 to
8.5GHz. )e second stage in the evolution introduced a
square slot on the ground plane. )e ground slot improved
the reflection coefficient response up to 2.5GHz. )en, the
introduction of the square frames at 2.5mm distance
resulted in the proposed design, in which the resonance
frequency shifted from 3.2 to 11.6 GHz. Also, the design
showed the minimum reflection coefficient value of −29 dB
at 6.3GHz frequency.

2.1. Parametric Analysis. )e proposed antenna has been
tuned in number of steps to achieve the desired frequency

band response. )ere were several parameters such as
ground slot and transmission line length and width that
involved in constant analysis. Figure 3 shows the complete
parametric analysis of our proposed design.

In Figure 3(a), it can be seen that the effect of the ground
slot on the resonance response of the antenna is captivating.
As the ground slot increases in size, the resonance response
gets wider and the higher frequency response gets generated.
)is is limited to a certain threshold value of 4.25mm, which
exhibits the desired frequency response of the proposed
antenna. After this point, the antenna starts exhibiting the
dual band nature.

)e distance between the square frames has been set at
2.5mm. In Figure 3(b), the effect of the antenna on reso-
nance has been observed. By looking at the figure, it is
obvious that the increasing distance causes the antenna to be
more focused in lower band and the response of the
bandwidth decreases. Similarly, the feed length of the
proposed antenna shows that with lower values, its im-
pedance mismatches and the response of the antenna di-
minishes. At 12mm length, the desired bandwidth is
achieved which when further increased causes the band-
width to abrupt.

3. Results and Discussion

)is section discusses the results from the fabricated
prototype and their comparison with the simulated results.
)e propose antenna is fabricated using the LPFKmachine,
and the measured reflection coefficient is found to be in
good agreement with the simulated results. Slight varia-
tions are found in the measured results, but they can be
attributed to the cable losses, connector losses, and random
measurement set up losses. Figure 4 shows the fabricated
prototype with simulated and measured reflection
coefficient.

)e performance parameters of the proposed antenna
are shown in Figure 5.)e peak gain simulated is found to be
1.4 dBi, while the measured gain is found to be at 1.389 dBi.
)e efficiency of the proposed antenna ranges from 60 to
68%. )e gain is found to be at acceptable levels; since the
proposed antenna is compact in size, the gain can be
considered on satisfactory levels considering the size of the
proposed antenna.

3.1. Radiation Patterns. )e radiation patterns of the an-
tenna both simulated and measured in phi 90 and theta 90
plane are shown in Figure 6. )e radiation patterns of the
proposed antenna were measured in an anechoic cham-
ber. )e antenna showed well-measured radiation pat-
terns, and it can be observed that antenna exhibits an
omnidirectional response. )e radiation patterns mea-
sured are from 4.5, 5.5, 6, and 7 GHz. From the figure, it
can be observed that the radiation patterns are stable
across the entire bandwidth. )e simulated and measured
results slight variations can be due to the measurement set
up errors. In phi 90 plane, the antenna exhibits a direc-
tional response at some frequency points. Overall, the
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Figure 1: Proposed antenna design. (a) Front. (b) Back.
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Figure 2: Design evolution of the proposed antenna.
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Figure 3: Continued.

International Journal of Antennas and Propagation 3



-15

-20

-25

-30

-35

-10

-5

0

Re
fle

ct
io

n 
Co

-e
ffi

ci
en

t (
dB

)

4 5 6 7 8 9 10 11 123
Frequency (GHz)

Feed Length = 10 mm

Feed Length = 11 mm

Feed Length = 12 mm

Feed Length = 10.5 mm

Feed Length = 11.5 mm

Feed Length = 12.5 mm

(c)

Figure 3: Parametric analysis of the proposed antenna. (a) Ground slot. (b) Distance. (c) Feed length.
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Figure 4: Simulated and measured reflection coefficient.
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Figure 5: Antenna efficiency and gain parameters.
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proposed antenna shows satisfactory radiation pattern
characteristics and exhibits response as required by UWB
systems [11–14].

3.2. Surface Currents. Figure 7 shows the surface currents
patterns at the resonance frequency of 4.5, 5.5, 6, and
7GHz. From the figure, the ground slot and plane can be
observed, and the titled square frames are responsible for

generating the resonances. )e ground slot is helpful in
generating the constructive interface of currents. Fur-
thermore, in lower frequency values, the effect of the square
flames can be seen forming constructive interface at the
edges of the frames.

From Table 1, it can be seen that the proposed antenna is
compact in size, and also, the gain throughout the frequency
range is nearly flat. Also, the proposed antenna offers
omnidirectional radiation characteristics. With this small
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Figure 6: Radiation patterns. (a) 4.5 GHz. (b) 5.5 GHz. (c) 6GHz. (d) 7GHz.
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size and robust characteristics, the reported literature can be
termed as a compact and potential candidate for future
wireless systems.

4. Conclusion

)is research presents a novel three square tilted frame
monopole antenna with a compact size. )e proposed
antenna is made with a square cut in the top middle
section of the ground plane which helps in generating the
wideband response from 3.3 to 11.6 GHz frequency. )e
total size of the antenna is 14 ×18 ×1.6 mm3, which is
quite small as compared to published literature. )rough

the performance parameters, the antenna is found to be
exhibiting good response. Moreover, the proposed an-
tenna is fabricated, and measured results are in well
agreement with the simulated results which validate that
the proposed antenna is a good contender for UWB
applications. In future, this work can further be
improved with MIMO configuration and through
metasurfaces.

Data Availability

)e data used to support the findings of this study are in-
cluded within the article.
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Figure 7: Surface current patterns. (a) 4.5 GHz. (b) 5.5GHz. (c) 6 GHz. (d) 7GHz.

Table 1: Comparison table of proposed antenna with published literature.

Reference Frequency (GHz) Size (L×W) Gain
(dBi) Efficiency (%)

[5] 3.4–8.0 312×121 3.99 79
[6] 3.3–10.2 31× 23 4.1 N/A
[9] 3.25–8.85 100×160 5.4 85
[10] 3.1–10.6 25× 26 3.83 76
[11] 2.5–12 50× 50 N/A N/A
[12] 3.2–10.6 40× 40 4.00 88
[13] 4.0–12.0 50× 35 5.25 80
[14] 3–14.5 40× 34 2.4 75
[20] 4.8–5.9 30× 35 5.3 65
[21] 4.4–4.6/5.4–5.6 26× 25 4.89 N/A
[22] 2.4× 3.6 26.1× 25.4 5.6 82
Proposed 3.3–11.5 14×18 1.4 60–68
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