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Abstract. A compact ultra-wideband (UWB) and triband
patch antenna with the partial ground plane is presented in
this paper. Initially, the antenna is designed for UWB ap-
plications, operating at the UWB portion of the spectrum
ranging from 3.1 GHz to 10.6 GHz, then it is modified to
operate at three distinct frequencies of 2.45 GHz, 5 GHz,
and 10.2 GHz. The proposed antenna is inspired by a clas-
sic rectangular patch antenna in which slots, stubs, and
defected ground structure (DGS) were introduced to in-
crease its operational bandwidth. Good results in terms of
return loss are found in all resonant frequencies as well as
for the single wideband. In addition, the proposed antenna
has been compared with related works in the literature, to
highlight its potential for future UWB and multiband port-
able devices.
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1. Introduction

Antennas are considered to be the core component of
a wireless communication system, as they represent the
mean of transmission and reception of signals. Fundamen-
tally, it represents the mechanism responsible for the trans-
formation of the guided waves of the transmission line into
space, over short distances (a few centimeters) as well as
for long distances (hundreds of kilometers) [1]. These
electronic components have been inspected, designed and
improved for a large range of applications over the past few
decades, where each application requires specific signal
characteristics, among which the operational bandwidth is
one of the most important parameters [2]. Therefore, three
types of systems are defined in terms of the bandwidth
parameter, namely narrow-band, broadband, and ultra-

DOI: 10.13164/re.2020.0601

wideband (UWB) systems.

For decades, UWB antennas have attracted the atten-
tion of many researchers and antenna engineers around the
globe, by dint of their large diversity of applications, in-
cluding medical imaging, surveillance, body area networks,
ground-penetrating radar (GPR) [3], [4]. UWB technology
enables stream transmission of ultrashort pulses, which can
be propagated through a very wide range of frequencies
[5]. Also, UWB systems have some interesting features,
including their ability to support a large amount of infor-
mation and the fact that signals in the UWB frequency
range (3.1 GHz to 10.6 GHz according to the FCC) are
highly immune to interference. Moreover, UWB systems
are strongly secure, since the short UWB pulses are more
difficult to jam [6].

Several antennas for UWB systems have been re-
ported in the literature [7—11]. In [7], a circular radiator
loaded with stub and a parasitic patch was presented. The
Defected Ground Structure (DGS) was utilized to achieve
a wideband operation. In [8], the slotted Co-Planar Wave-
guide (CPW) fed antenna with a double fractal structure
was presented for the UWB systems. Although both anten-
nas have wide impedance bandwidth along with good gain,
both works have a drawback of a bigger dimension. In
[9-11], a technique of defected radiator structure along
with DGS is utilized in the design of a compact wideband
antenna. However, the works reported in [9—11] have
a setback of very complex structures which may increase
the fabrication errors and are not preferable for mass
production.

Although a huge work has been done on UWB anten-
nas, UWB systems present some drawbacks, including
their limited range (about 10 to 20 m), which limits their
implementation only for small scale deployments [12].
Besides, UWB systems suffer from multipath, since the
power is divided over a large bandwidth [13]. Thus very
few variations of radiation patterns along with a stable gain
should be achieved for a successful implementation of
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antennas into UWB systems [7], [14]. Multiband antennas
become a promising solution to overcome the issues
associated with UWB antennas. Moreover, notching some
frequencies from the UWB region may help to mitigate
interference with co-existing sub-bands in the UWB por-
tion of the spectrum such as wireless local area network
(WLAN) operating from 4.94 to 5.925 GHz and X-band
(8-12 GHz) [15]. Therefore, to take maximum advantage
from this attractive band, multiband antennas in the UWB
region are more preferable [16-20].

In [16], a slotted antenna loaded with a double Split
Ring Resonator (SRR) structure is designed and proposed
for tri-band applications. A tri-band operation is achieved
successfully in this design but it has several drawbacks
including structural complexity, narrow bands, and bigger
dimension. In [17], a CPW fed antenna with a meandered
line is used to achieve triband characteristics. The antenna
shows good performance parameters in terms of size and
gain stability but had set back of narrowband for first reso-
nance. Another simple structured slotted CPW fed antenna
was reported in [18], however, it does not provide wide
bands and high gain characteristics. In [19], the presented
antenna offers high gain and simple structure at the cost of
narrow bands and a bigger dimension. The antenna pre-
sented in [20] has the advantage of triband, simple geomet-
rical configuration, and stability in the radiation pattern.
However, the antenna has several disadvantages including
narrow bandwidth and low radiation efficiency.

It can be deduced from the literature review that the
new designs of compact, planar UWB antennas would be
a useful addition for UWB communication systems.

In this paper, we present a rectangular patch antenna
which is modified by introducing slots and stubs in its
radiating element and defected ground structures (DGS) in
its ground plane for bandwidth enhancement. The pre-
sented antenna in this work is capable to operate in the
triple-band as well as wideband behavior, which is benefi-
cial for future portable devices. The rest of the paper is
organized as follows: Antenna design is discussed in
Sec. 2, antenna designing methodology was investigated in
Sec. 3, measured results are presented in Sec. 4, and Sec-

tion 5 concludes the proposed work.

2. Antenna Topology and Design

The geometry of the proposed tri-band antenna is
shown in Fig. 1. The antenna geometry is engraved on
cheap FR4-epoxy having a loss tangent of 0.02 and relative
permittivity of 4.4. For ease of fabrication and testing
standard, copper cladding of 0.035 mm is used. The overall
size of the proposed antenna is S, x Sy x H. A DGS tech-
nique is utilized for impedance matching and to enhance
the operational bandwidth, the dimension of the DGS is
Gx* Gy. The radiator is fed using 50-Q matching mi-
crostrip feeding with width Fy and length F,. The antenna
geometry consists of the simple rectangular patch, which
is modified using a rectangular slot [Py x (2x4, + g)] and
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Fig. 1. Geometry of the proposed antenna: (a) top view and
(b) bottom view.
Parameter Value Parameter Value
(mm) (mm)
S, 18 S, 18
G, 2 G, 3
F. 2 F,
A, 4 A, 4.4
P, 14 P, 2.05
H 1.6 g 0.2
e 1.4 c 1.4
d 0.2 b 2.9

Tab. 1. Optimized dimensions of proposed antenna.

quadrilateral patches having the dimension of e x ¢ are
added at each corner of the radiator. Afterword, two semi-
circular stubs having a thickness of d were inserted to pro-
vide a path to current to flow from the lower part to the
upper part. In the last step, two rectangular patches having
length 4, and width 4, were inserted having gap g between
them, inducing additional capacitive load between upper
and lower resonating part hence introduce an additional
lower resonance. The optimized dimensions of the pro-
posed antenna are enlisted in Tab. 1.

2.1 Design of the Wide-Band Antenna

Monopole antennas being well known for their num-
ber of benefits including wide impedance bandwidth,
omnidirectional radiation pattern, and stable gain. Initially,
a quarter-wave monopole antenna was designed to cover
the complete WLAN and Wi-Fi band of 5 GHz. The length
Ly, of the monopole can be calculated by using the follow-
ing equation given in [21]:

Lo
fr 4fr\/€c_ff

c is the speed of the light and f; is the desired resonating
frequency (for presented case f; is chosen to be 5.8 GHz).
& 18 the effective dielectric constant, for monopole an-
tenna it can be calculated using the following relation pro-
vided in [21]:

)

~05
Eur * grz” + gr;1(1+12(2)n 2)

where &, is the dielectric constant, @ is the width and 7 is
the thickness of the substrate.
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In the next phase, a well-known technique to enhance
the bandwidth named defected ground structure was de-
ployed. An inverted U-shaped slot was truncated from the
ground, leaving only a small rectangle of dimensions
Gy x Gy from the whole ground plane. The presence of this
slot affects notably the current distribution of the radiator,
due to this change, the performance of antenna has im-
proved significantly in terms of bandwidth and return-loss,
for both higher and lower bands, as depicted in Fig. 2.
A detailed discussion on the effect of current distribution
on the antenna performance is presented in [22]. Fig-
ures 3(a—b) describe the effect of the DGS on antenna per-
formance. It can be seen from Fig. 3(a) that the length G, is
controlling the impedance bandwidth of the antenna, while
width Gy of the DGS is dealing with the impedance match-
ing, as depicted in Fig. 3(b), hence optimized parameters
were chosen to achieve wider bandwidth along with good
impedance matching at the resonating area.
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Fig.2. Return loss comparison of conventional monopole

antenna with modified UWB antenna.
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Fig. 3. Effects of ground structure on the impedance

bandwidth of UWB antenna by changing (a) length G,
(b) width G,.

2.2 Design of the Tri-Band Antenna

As stated in the aforementioned discussion, due to
several drawbacks of UWB antennas, multi-band antennas
attain considerable attention. Band congestion and the
presence of narrowband inside the UWB region cause a lot
of unwanted interference due to which many modern-day
devices are operating at several sub-bands of the UWB
region. Therefore, to fulfill this demand, the proposed
UWB antenna is converted into a tri-band antenna after
three consecutive iterations, as depicted in Fig. 4(a).

In the first step, two rectangular slots were etched
from the radiator, the introduction of these slots affects the
current distribution and converts the UWB antenna into
a tri-band antenna, as depicted in Fig. 4(b). The resultant
antenna shows resonances at 3.85 GHz, 7.8 GHz, and
10 GHz. The length (24, + g) and width (Z,) of the rectan-
gular slot were tuned carefully to get the maximum return
loss at the notch bands. However, it is observed that the
mitigation of the lower stopband around 5.8 GHz is not so
prominent.

Therefore, two semicircular shorted stubs were added
in the next step, to enhance the stopband feature of the
presented antenna. The addition of these semicircular stubs
introduced an additional path for the flow of current from
the lower part to the upper part. The surface charge distri-
bution gets disturbs, thus results in further lowering the
fundamental resonance along with mitigation of the WLAN
band (4.9-6.1 GHz).

For mitigation of the desired band, the length of the
semicircular stubs can be varied by increasing or decreas-
ing the radius of the stubs. The resultant notch band due to
the insertion of the semi-circular stubs can be estimated by
using the following equation

- ¢ 4)
s XLy &y

where x is the factor that expresses the relation between the
length of the stub and the wavelength (L) at the desired
notch band, for the quarter-wave monopole antenna the
value of x should be 1 <x <4 [22]. For the proposed design
the value of x estimated to be 4, which corresponds to a
quarter wavelength at the notch band frequency. Moreover,
the effective length of the stub Lt that can be calculated
using the relation:

L, _ AR+ ®)
2

where constant ©=22/7 ~3.1416, R is the internal radius
of the semicircular stub, and 4,/2 is the difference between
the stub and the central part of the radiator. Hence, de-
pending upon the user’s demand prototype-II can be used
for tri-band applications where mitigation of the WLAN
band is necessary.

In the last step, to get the lower resonance at the well-
known industrial, scientific and medical (ISM) band
(2.4 GHz-2.48 GHz) along with mitigation of 3 GHz band
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Fig. 4. The design evolution of the tri-band antenna from
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return loss comparisons.
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Fig. 5. Effects of various parameters on the first notch band of
Tri-band antenna: (a) parameter 4y, (b) parameter 4.

spectrum allocated for WiMAX (3.3-3.8 GHz) and 5G sub-
6-GHz (3.3—4.2 GHz) a rectangular slot is etched at the
center of the radiator. The presence of this stub provides
an additional capacitive load and thus results in lowering
the first resonances as described in [23]. Here the width of
the slot adjusts the additional capacitance and results in
controlling the lower resonance. Furthermore, the rectan-
gular slot also results in increasing the effective length of
the stubs which is now given by the following relation

Ly =7R + A, + 4, (6)

where A4, + A4, represents the distance of shorted stub from
the center of the radiator. Thus by adjusting the distance
between stub and center of the radius, the effective length
can be adjusted, hence the notch band can be controlled. It
is worth noting that both equations (5) and (6) were ex-
tracted from the iterative method and curve fitting method.
By using a similar process the value of 4, and A, for the
desired notch band can be estimated easily.

It can be seen from Fig. 5(a), that for the proposed tri-
band antenna decreasing the value of the parameter A,
results in decreasing the value of Lt given by (6). Thus the
central frequency f; increases which verifies the relation
presented in (4). A similar phenomenon is observed by
varying the parameter 4,, as depicted in Fig. 5(b).

3. Results and Discussion

Simulations of the proposed antenna were carried out
using the finite element method (FEM) based electromag-
netic solver, Higher Frequency Structural Simulator
(HFSS). For validation of the proposed findings, a sample
UWRB and tri-band antenna prototype were fabricated using
a standard chemical etching process. The antenna geometry
was fabricated using commercially available FR4-epoxy
having copper cladding of 0.035 mm. Various antenna
characteristics like return loss, radiation pattern and gain
were measured and compared with simulated ones in this
section, to validate our findings. The scattering parameters
were measured using Vector Network Analyzer (VNA)
model no. HP-8720D having a frequency range from
50 MHz to 13.5 GHz. On the other hand, ETS-Lindgren
(EMCO) type broadband horn antenna model no. 3115
ranging 1-12 GHz was utilized to measure the gain and
radiation pattern of the proposed antenna. The fabricated
prototype of the antenna was placed 3 m away from the
reference horn antenna inside the anechoic chamber for far-
field measurements.

3.1. Return Loss

Figure 6(a) presents the comparison of simulated and
measured scattering parameters of the proposed UWB
antenna along with fabricated porotype. A good agreement
between simulated and measured s-parameters is observed,
moreover, the antenna covers an ultra-wide bandwidth of
6.95 GHz (3.85 GHz-10.8 GHz) with reference to
|S11] <—10 dB. On the other hand, Figure 6(b) depicts the
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Fig. 6. Return loss comparison of simulated and measured
(a) UWB antenna, (b) tri-band antenna.

comparison of simulated and measured S-parameters of the
presented tri-band antenna along with its fabricated
prototype. The measured results of the tri-band antenna
show a good agreement with simulated results having
resonances at 2.45 GHz, 5 GHz, and 10.2 GHz. The
measured bandwidth for 2.45 GHz is 2.37-2.53 GHz
covering complete ISM band, for 5 GHz it is 4.2—.64 GHz
covering various well-known bands of WLAN (5-6 GHz),
Wi-Fi  (5GHz), ISM (5.725-5.875 GHz), Wi-Max
(5.8 GHz) along with a major portion of C-band (4-8 GHz)
and for 10.2 GHz it is 9.2-11.4 GHz covering a major
portion of X-band (8-12 GHz) used for space and satellite
communications.

3.2. Far-Field Parameters

Figure 7 presents the radiation pattern (co-pole and
cross-pole) of the proposed tri-band antenna at resonance
frequencies of 2.45 GHz, 5 GHz, and 10.2 GHz. The an-
tenna shows an omnidirectional radiation pattern in princi-
pal E-plane (© = 0°) and a bi-directional radiation pattern
in principal H-plane (6 = 90°). Moreover, the good agree-
ment between simulated and measured radiation patterns
verify the findings. Moreover, a good cross-polarization
isolation is observed at all frequencies. However, it in-
creased a bit for 10.2 GHz at H-plane. Figure 8(a) presents
the maximum gain vs frequency plot of the UWB antenna.
The presented work shows an average gain of 2 dBi at
operational bandwidth along with good matching with
simulated results. The increase in the gain value for higher
frequencies is due to an increase in the electrical size of the
antenna at higher frequencies. Similarly, Figure 8(b) pre-
sents the measured gain of the proposed tri-band antenna,

e Simulated (co-pol)

180

= ==+ Measured (co-pole)

(10.2 GHz)

180

Simulated (cross-pole)

Fig. 7. Radiation patterns of the proposed tri-band antenna at
different frequencies.
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Fig. 8. Simulated and measured peak gain of the proposed
(a) UWB antenna and (b) tri-band antenna.
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Fig. 9. Radiation efficiency of the proposed UWB antenna
and tri-band antenna.

the antenna shows an average gain of 1.5 dBi in the band-
pass region while a minimum gain of —8.3 dBi is observed
for the bandstop region. The simulated efficiency of the
UWB and tri-band antenna is depicted in Fig. 9, the an-
tenna shows the radiation efficiency of more than 86% in
the bandpass region for both measured prototypes and
minimum efficiency of 5.7% in the bandstop region for the
tri-band antenna.

Table 2 shows the comparison of the proposed UWB
antenna with other state of the art UWB antennas. It is
observed that the proposed antenna offers a compact size as
compared to other works [7-11]. The proposed antenna
exhibited high gain and efficiency as compared to [7, 9-11].
Although [8—11] are offering wide bandwidths, they have
complex geometrical structures. Thus, the proposed UWB
antenna over-performs other related work showing the
simple geometrical structure, compact size with ultra-wide
bandwidth along with high gain and efficiency.

Table 3 shows the comparison parameters of the pro-
posed antenna design with other tri-band antennas. The
antenna is offering at least 32.5% miniaturization as com-
pared to given tri-band antennas [16-20]. Moreover, its

high efficiency, moderate gain, wide operational band, and
omnidirectional radiation patterns are the key advantages
of this design.

4. Conclusion

In this paper, a novel monopole antenna is presented.
The proposed antenna is designed to operate in the UWB
frequency band, then the radiating element is modified to
configure the antenna behavior into tri-band using slots,
stubs, and DGS introduced in the antenna structure. The
presented prototype reported promising results in terms of
return loss, bandwidth, radiation pattern, and efficiency.
Moreover, a prototype of the proposed antenna was fabri-
cated and subjected to experimental measurement, which
showed that simulation and measurement results are in
good agreement. Therefore, the proposed antenna is a po-
tential candidate for future portable devices.
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