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Abstract

In this work, a novel wideband microstrip modified slotted U-shaped printed monopole antenna operating from 3 to
20 GHz for super-wideband applications is proposed. To have an effect on the enhancement of bandwidth and to get better
impedance matching over the frequency band, three modifications are introduced, the first one is to print two symmetric
triangular shaped slots in the radiating element and the second one is to modify the partial rectangular ground plane to be
defected ground plane by slotting three triangular structures. The third modification is to embed a circular slot in the center
of the patch for integrating the entire FCC band (3.1-10.6 GHz) in the super wide band antenna. Both CST Microwave
Studio and Ansoft HFSS 3-D EM solver were used for the simulation analysis of antennas while measurements after
fabrication are performed by applying ZVB 20—vector network analyzer 20 MHz-20 GHz. The average maximum gain of
the antenna is 5.72 dB with good radiation patterns. The antennas have only been measured up to 20 GHz (the upper
frequency limit of the laboratory vector network analyzer device), simulations results both in CST and HFSS shows
satisfactory design’s performance up to 40 GHz. So as this antenna is a candidate to fulfils the future UWB spectrum
requirements in a very wide band. A good agreement between the measured and simulated results is achieved in term of
return loss in the measured band (up to 20 GHz).
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1 Introduction

The rapid developments in the wireless communication
systems improve the demand of the Ultrawideband (UWB)
antenna designs since February 2002 when the federal
communications commission (FCC) unlicenced the
3.1-10.6 GHz band to be used for free [1]. In addition,
UWB technology attracted more attention of the scientific
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community and the industrial sectors owing to their
promising characteristics such as high data rate useful for
short range indoor communications and mobile handheld
devices, good radiation pattern, good impedance matching
performance, low complexity and fabrication cost, low
weight and it’s simple to be integrated in the RF circuits
[2]. The UWB antennas are recently being the interest
components of UWB systems because it has been proven
very popular and adequately efficient [3]. To enhance the
bandwidth features of a printed antenna, several techniques
have been previously presented and investigated such as
using different radiator shapes and slots [4, 5], feeding
methods [6] and polarisation diversity [7]. A stacked par-
asitic strips based on LTCC technology are used to enhance
the bandwidth and gain of patch Antenna [8], the variable
band-stop function is obtained by slotting an inverted
T-shaped at the square radiating stub to create an additional
resonances frequency [9]. The UWB spectrum properties
of the presented in antenna [10] are achieving using
dielectric resonator coupled with chaotic oscillator with
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high isolation. Khalili et al. [11] investigated a P-Shaped
DRA design to obtain a wide band antenna suitable for
wireless communication applications. A fractal structure is
used to improve the bandwidth of CPW-fed UWB mono-
pole and hexagonal antennas. Fallahi and Atlasbaf have
been loaded the CPW-fed monopole antenna with a num-
ber of small fractal polygons shaped elements to enhance
the bandwidth [12]. Sawant and Kumar have been pro-
posed a CPW hexagonal fractal structure loaded with 41
hexagons shaped to make fractal geometry and to improve
UWB features [13]. Gautam et al. extends the two sides of
the ground plane vertically to obtain an UWB behavior of
minimizing monopole CPW hexagonal shape [14], a mul-
tiple input multiple output (MIMO) antenna is also
implemented and analyzed for creating UWB response.
Ahmed et al. designed and investigated a super-wideband
(SWB) MIMO antenna with high isolation, operating from
3.1 to 20 GHz, with the inclusion of L-shaped strip in the
ground plane with defined positions and dimensions [15].
Huang and Guang Xiao concepts a compact diversity
polarization MIMO antenna using linear tapered slot with
fork-shaped and two orthogonal feed lines to achieve the
UWB characteristics [16] and so on. By using these tech-
niques, desired operating bandwidth ranges can be
achieved.

In this paper a new shape of miniaturized super wide
band (SWB) antenna has been investigated and manufac-
tured. The main objectives of this word is to obtain a very
wide band, high gain, in single compact structure of
30 x 30 mm? based on the printed monopole configuration
and referring to the prototype presented in [17].

The proposed structure consists of a modified U-shaped
slotted by a symmetric triangular shaped both in the radi-
ating patch and the ground plane, to improve the perfor-
mance of the proposed structure and to create an additional
resonance frequency we are also slotted two shaped, a
concentric circle and a central triangle defected ground
plane respectively in the patch and the ground plane. The
final configuration of this antenna has a three shaped-slot
on the patch and a three shaped-slot in the ground plane.
The impedance bandwidth of the wideband response has
covered the frequency range 3-20 GHz, which can be a
candidate to fulfils the requirements of the very wide band
for wireless devices.

2 Antenna design and analysis
2.1 Antenna configuration
The configurations of the proposed SWB antenna are

shown in Fig. 1, together with its geometrical dimensions.
This antenna is manufactured on a FR-4 substrate having a
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Fig. 1 The Geometry of the reconfigured SWB antenna,(Ws = Ls =
30, Wf=3,Lf=6, Rl =6, R2=14, W1 =7, L1 = 14, W2 =5,
L2 =5, W3 =25, L3 = 4) (Unit: millimeters)

dielectric substrate of 4.3, height of 1.6 mm and loss tan-
gent of 0.025. The feeding system consists of a 50 O
microstrip line for impedance matching. The presented
design occupies a small area of 30 x 30 mm?, which is
considerably less than competitive structures featuring
similar bands and geometries. To determine the approxi-
mated value parameters of this antenna. Basic formulas and
microwave calculator was used [18]. This SWB microstrip
antenna is designed directly from the conventional
U-shaped patch antenna with some modifications in the
radiating structure and the ground plane to improve the
bandwidth and the performance of the design. For getting
resonance, total length and width of the radiating shaped is
taken about half of the guided wavelength at 3 GHz.

The radius of the circular part of the radiating element is
calculated for a height of 1.6 mm using the following
equations [19] as well as the desired resonant frequency fr
of a circular patch antenna is approximately given:

£ Kc
e 2mac\/er

In this paper k = 1.84118 for the fundamental mode
TM;, a. represent the effective radius of the circular patch.
The expression of ae for is:

Be = a{l + nzgl:a [m(%) + 1.7726} }1/2 2)

g, is the relative permittivity of the dielectric. The radius
of the circular patch is expressed as:

a= r 1 (3)

{1 +2 [ln(£> + 1.7726} }7

The value of F can be calculated by the following
equation:

~ 8.791 x 10°
e

(1)

(4)



Analog Integrated Circuits and Signal Processing (2020) 102:571-578

573

The circular radius of the proposed SWB antenna is
a = 7.5 mm. Generally substrate length L and width W are
taken two times larger than patch diameter (2a). So sub-
strate length and width can be written as: Ls =2 x 2a =

30 mm and Ws = 2 x 2a = 30 mm (Fig. 2).

In order to present the design procedure of the proposed
SWB antenna, The evolution process step by step of our
proposed geometry is shown in (Fig. 3).

The simulated frequency response of the return loss of
the developed proposed SWB antenna step by step, is
illustrated in Fig. 4. For the antenna denoted as (Ant I), it’s
the reference design and is forming a frequency band from
3 to 6 GHz with worse impedance matching, trace
(D indicates that the antenna cover only 3 GHz in the UWB
response. As the center of the ground plane of the con-
ventional design is defected by a triangular resonator slot
and the radiating element is slotted with a two symmetric
triangular shape (Ant II), the resonance becomes better
than the first design, but without the integration of the
entire FCC band (3.1-10.6 GHz),(trace II). As the radiating
element is loaded with a concentric circular slot(Ant III),
the UWB response is integrated except two bands
(6-7 GHz) and (13-14 GHz),(trace (III)). In order to
improve the impedance matching conditions for covering
the entire super wide band applications, a two symmetric
triangular slots are loaded in the edge of the ground pla-
ne(Ant VI). Hence, the reflexion coefficient is now < — 10
dBi (Trace (VI)) with good adaptation (Fig. 5).

2.2 Operating principle

Many modifications are introduced in the conventional
antenna (Fig. 4 Ant I) for bandwidth enhancement. The
first one is done by including two symmetric triangular
slots in the U-shaped patch and a central triangular slot
defected ground plane under the transmission line (Fig. 4
Ant II), The current path is changed and its distribution is
increased, the second one is to load a wide circular slot in
the patch for more antenna adaptation (Fig. 4 Ant III), this
modifications are not significantly sufficient for getting an
adaptive antenna, for that the authors are slotted two
symmetric triangular defected ground structures shaped in

Fig. 2 Photographs of the fabricated antenna

AntI Ant II Ant III Ant VI
Fig. 3 The evolution of the proposed SWB antenna. Ant I (Step I).

Ant I I(Step II),. Ant III (Step III). Ant VI (the proposed design)

40 1 wemm Ant I (Reference)
N — A.llt lI
. Ant ITI
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-60 S ——————
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Fig. 4 Simulated S;; parameters of the proposed antenna with
different structures

n resonance

L(n) L @1) Ls, L,

(n-1) resonance

Fig. 5 General circuit model for the DGS

the left and right edges of the ground plane(Fig. 4 Ant VI).
As a result, the effective capacitance and inductance
changes of the antenna and the bandwidth were improved.
The defects on the ground plane and the radiating element
change the path of the current distribution in the slotted
region. This current is enhanced due to the aperiodic tri-
angular slots and circular slot parts of the modified
U-shaped antenna. This effect changes the features of the
antenna due to the variation of effective capacitance and
inductance of microstrip line, ground plane and radiating
patch element. The coupling with these slots are respon-
sible for adding a capacitive effect and the central trian-
gular ground plane slot connects both the U-shaped patch
element with the DGS for adding the inductance to the total
Impedance [20].

The inductance L, and capacitance C, are given as [21]:
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L, = ! forn=1,2 (5)
"anfl G T
fc
= 6
2Zp2n (£ — 5) ()
Cr= s U
’ 2TEfTXn(nfl)
X — Xn(nfl) L;
Ls, = 8
S 27'CfT + (fT>2 | ( )
) -
On

where f,, and f(; are respectively the resonant frequency at
cut-off frequency of the n®™ resonance and de lst reso-
nance. Lgpm—1y and Lg, and Cp consisting of T-network
witch represents the interaction between the two res-
onators. fr is the transit frequency witch represent the
frequency that below it the (n—1) resonator dominates and
above it the n®™ resonator dominates. Zo is 50 O char-
acteristic impedance of the transmission line.

The resonant frequency of the circuit and the inductance
L, and capacitance C, is given by equation [22]:
B 1
- 2nyL,C,

The development and studies of the circuit model give
us an idea of the design parameter variation effects. The
dielectric gap between conducting layers, leads to the
generation of a parallel combination of capacitance C,, and
conductance L,. In this antenna, the parallel combinations
of C,, L,, represent the equivalent models between con-
ducting slotted radiating element and the ground plane of
the n'*™ resonants, respectively. The parallel capacitance
with effective line inductance can be provided by the
etched gap area placed under a conductor line. The series
inductance due to the DGS section increases the reactance
of a microstrip with the increasing of the frequency while
the reactance of the capacitance decreases [23].

The isosless triangular slots in the ground plane and the
patch structure serves as to provide a better impedance
matching for the antenna. The inductors Ls(n—1) and
Ls(n) account some inductance due to fringing fields and
surface waves. The variation in capacitance between the
antenna elements leads to a variation of the electrical field
of the proposed structure. Due to negligible current density
in the ground plane than the patch structure. The series
combination of R and L as well as the parallel combination
of capacitance C and conductance G between the con-
nected feed line and the bottom edge of the proposed SWB
design cannot affect in the antenna performance it’s can be
neglected. The parallel capacitance with the series induc-
tance provides the attenuation pole location and started the
elimination of the certain frequency signals of the proposed
SWB DGS, which is the multiple successive resonance

fe ©)
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frequencies of the parallel L, and C,, resonators, the mode
of propagation of wave is considered to be purely TEM.
Hence, the bandwidth of the antenna can be enhanced due
to current distributions in two diverse paths after the feed
line in the high signal region, small changes for the char-
acteristic impedance (the impedance of the transmission
line becomes more than 200 ohms), the inductance, (will
increase and at the same time the capacitance will be
decreased) and the effective dielectric constant (the band
gap effect).

2.3 Parametric studies of the SWB antenna

Figure 6. Depict the simulated reflexion coefficient traces
for different values of R witch represent the radius of the
resonator circle slot. As observed, the resonance band is
shifted to the lower frequency and the reflexion coefficient
increases from —15 to —9 dBi when the value of R1
increases from 2 to 8 mm. The good value to ensure good
adaptation in the desired SWB band is R; = 6 mm.

Figures 7 and 8 show the effect of the width and length
of the two symmetric triangular defected ground plane slots
(W», Ly,). As illustrated in these figures by increasing W,
and L,, the impedance matching is improved, especially at
high and low frequencies for W, and L, respectively, so the
proper values of W, and L, to achieve SWB response are
W, =5 mm and L, = 5 mm. On the other hand, increasing
W3 and L3 parameters leads to shift the curves of S;; from
the worse impedance matching S11 > — 10 dBi to the
good impedance matching S11 < — 10 dBi as shown in
(Figs. 9 and 10).

The optimum dimensions of W3 and L; when the
antenna is suitable for SWB applications are W3 = 2.5 mm
and L; = 4 mm.

SllendB

w—— R1=2mm

mes. R1=4mm
3 s R1=6mm
s R1=8mm

2 4 6 8 10 12 14 16 18
Frequency en GHz

Fig. 6 S;; parameters for different circular slot shaped radius R,
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Fig. 7 Sy, parameters for different triangular slot shaped width W,
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Fig. 8 Si; parameters for different triangular slot shaped length L,
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Fig. 9 S;; parameters for different triangular slot shaped width W3
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Fig. 10 S;; parameters for different triangular slot shaped length L5
3 Simulated current distribution

The simulated current distributions on the proposed SWB
antenna at 3.5, 5.5, 10, and 16.5 GHz are shown in Fig. 11.

The Current distribution is mainly concentrated on the
edges of the interior and exterior of the triangle and cir-
cular resonator slots. Therefore, the antenna impedance
matching affected at this frequency due to the resonant
property of the loaded slots in the radiating stub and the
ground plane. As a result, the resonator slots are considered
as a major part of achieving SWB response [24].

3.1 Simulated 3D gain
Figure 12 depicts 3D plots of gain values for the prototype

SWB antenna at each selected frequency of 3.5,
5.5 GHz. As a result, the antenna has acceptable gain at

119

105
90.2
75.7
61.3
46.9
32.5

A/m

119

105
90.2
75.7
61.3
46.9
32,5

(d)

Fig. 11 Current distributions at a 3.5 GHz, b 5.5 GHz, ¢ 10 GHz, and
d 16.3 GHz
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(b)

Fig. 12 Simulated radiation patterns at a 3.5 GHz, b 5.5 GHz

these frequencies and could be attractive for current and
UWB applications [25].

3.2 Simulated radiation patterns

The simulated farfield radiation patterns both in CST
microwave and Ansoft HFSS softwares on E-plane and
H-plane are depicted in Figs. 13(a) and (b) at 3.5 GHz and
5.5 GHz respectively. From the traces observed in these
figures, bidirectional radiation patterns are shown for both
E-plane and H-plane for selected operating frequency
bands.

As a result. The antenna has acceptable radiation
coverage.

4 Measurement results and discussion
Simulated and measured reflexion coefficient parameters

are shown in Fig. 14. The prototype SWB antenna is
manufactured, and the S;; parameters are measured by
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Fig. 13 Simulated radiation patterns at a 3.5 GHz, b 5.5 GHz
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Fig. 14 a The proposed antenna under test. b Simulated and
measured S11 parameters

using the ZVB 20—Vector Network Analyzer 20 MHz—
20 GHz.

The measured results closely in good agreement with the
simulated ones.
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Table 1 Comparison between the performance of some recently
developed UWB designs and the proposed design

Antenna Bandwidth(GHz)  Antenna size (mmz) Gain (dB)
This work 3-20 30 x 30 2.84-6
Ref. [2] 2.5-12 50 x 50 Not defined
Ref. [3] 2.25-12.8 30 x 35 2-5.7

Ref. [4] 3-14 35 x 30 2-4.5

Ref. [7] 3.85-11.85 20 x 28 1.2-3.2
Ref. [9] 2.9-17.1 20 x 20 2-5

Ref. [11] 3.5-8 17 x 35 Not defined
Ref. [12] 3.1-10.6 25 x 25 1-3.2

Ref. [14] 2.71-12.61 25 x 23 Not defined
Ref. [15] 3.1-20 93 x 56 Not defined
Ref. [16] 3.1-12 32 x 32 <4

Ref. [17] 3-6 30 x 30 <56

Ref. [24] 4.56-13.1 16 x 12 1-4.8

5 Comparison between recently designed
antennas and the proposed antenna

Table 1 presents a comparison between the performance of
some recently studied UWB designs and the proposed
design. The proposed antenna shows good achievement of
SWB response, compact size, and acceptable gain charac-
teristics in a very wide band.

6 Conclusion

In this letter, a novel compact super wide band SWB
antenna has been successfully designed and optimized
using different resonator slots for bandwidth enhancement
of the conventional U-shaped antenna. The bandwidth was
achieved through triangular and circular slot resonators
loading onto the radiating element and the ground plane of
the reference antenna led to a very wide band from 3 to
20 GHz with a reasonable maximum gain value without
increasing their size. Experimental validation confirms the
correctness of the design approach in the measured band.
Finally, this proposed technique is very simple to introduce
in practice and can be candidate to fulfils the requirements
of the very wide band for future wireless devices.
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