Progress In Electromagnetics Research C, Vol. 146, 127-139, 2024

PIER C

(Received 27 May 2024, Accepted 19 July 2024, Scheduled 15 August 2024)

Reactively Loaded GPW Fed Dual Notched Pentagonal
Ultrawide Band Antenna

Srijita Chakraborty! *, Narendra N. Pathak?, and Mrinmoy Chakraborty?

Unstitute of Engineering & Management, Kolkata, India
2Dr. B.C. Roy Engineering College, Durgapur, India

ABSTRACT: This research proposal includes the design of a unique coplanar waveguide (CPW) fed ultra-wideband (UWB) antenna
prototype with dual notch band characteristics. The microstrip line fed antenna features a configuration of geometric slots, including
a rectangle, a semi-circle slots, and a pentagonal stub, along with a microstrip feedline. The antenna measures 35.4 mm X 28.82 mm.
Two notches are introduced at 5 to 5.8 GHz (14.8% bandwidth) and 7.2 to 7.8 GHz (8% bandwidth) by incorporating split ring resonators
(SRRs) on the bottom surface. Aside from the dual stopbands for the WLAN band (5 to 5.8 GHz) and SHF satellite communication
band (7.2 to 7.8 GHz), the designed antenna operates over an impedance bandwidth from 3 GHz to 11.2 GHz with voltage standing
wave ratio (VSWR) below 2. The proposed antennas have been developed, prototyped, and successfully verified. Simulation data
and measurement results are thoroughly examined and analyzed. To confirm the applicability of the antenna in pulsed communication
systems, the correlation among the input signal of the transmission antenna with the output signal of the reception antenna in the time
domain is estimated. This confirms that the antenna prototype is well suited for wireless communication applications in military radar

systems, medical imaging, consumer electronics, and more.

1. INTRODUCTION

s the constraints of integrating various sub-systems in a sin-
Agle compact communication system emerge, the develop-
ment of a UWB antenna with notch characteristics, as one of the
fundamental microwave components and operational at multi-
ple frequencies, is becoming significant. As Federal Commu-
nication Commission (FCC) unlicensed the UWB range from
3.1 Gigahertz to 10.6 Gigahertz, UWB wireless technology has
gained a lot of momentum in research [1]. Square, circle [2],
crescent [3], sectoral [4], ellipse [5], and their re-structured
varieties are normally employed radiating patch structures in
UWRB planar antennas because they can be easily combined
with microwave integrated circuits that are lightweight and
have low profile in nature. Other applications such as WiMAX,
WLAN, IEEE 802.16, IEEE 802.11a, and ITU-T frequency
bands exist in the UWB spectrum. As a result, a UWB an-
tenna with notched frequency responses is designed to reduce
the likelihood of interference between narrowband and UWB
systems.

In [6], a miniaturized antenna for ultra-wideband applica-
tions is presented. To achieve a compact size, the authors use
a two-stage optimization process. First, a coarse-mesh electro-
magnetic simulation identifies promising initial designs with
good signal return. Then, a more advanced optimization re-
fines the design for excellent performance across the entire
ultra-wideband range, within an overall dimension of 418 mm?.
In [7], a miniaturized (22 x 22 mm?) circular slot antenna is
presented for ultra-wideband communication (3—16 GHz). De-
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signed for a common circuit board material (FR4), the antenna
efficiently reflects minimal signal back across the entire usable
frequency range (reflection coefficient below —10dB), mak-
ing it suitable for stable UWB applications. In [8], a modi-
fied U-shaped UWB antenna with a reverse T shaped slot is
demonstrated. To ensure that the antenna efficiently transmits
and receives signals across the UWB, the design incorporates
a narrow strip in the patch and an inverted T-shaped slot in the
ground plane. The paper verifies the antenna’s performance
through S-parameters (indicating good impedance matching)
and radiation pattern analysis. In [9], a coplanar waveguide
(CPW) fed UWB microstrip antenna is developed by loading an
inverted L-strip. Simulations and real-world testing of the fab-
ricated antenna (25 x 25 x 1.6 mm3) demonstrate good agree-
ment, with the antenna achieving strong performance across
a wide band (2.6-13.04 GHz) in terms of impedance match-
ing, gain consistency, radiation patterns, and signal delay. In
[10], a miniaturized antenna is reported for ultra-wideband ap-
plications (3—12.9 GHz) using a coplanar waveguide feed. The
key to its wide bandwidth is a novel radiating structure with
two asymmetric U-shaped strips and a staircase element. De-
spite its compact size (23 x 25.5 x 1.6mm?), the antenna
achieves excellent performance with a strong signal return, sta-
ble gain, and near-omnidirectional radiation, all confirmed by
good agreement between simulations and real-world testing.
In [11], a UWB antenna design based on a modified circular
disc monopole is proposed. The design uses a three-step ad-
justment process on the ground plane to achieve a wide band-
width (3.1-10.6 GHz) with good impedance matching. Test-
ing confirms the antenna’s effectiveness for UWB applications,
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demonstrating a strong signal return (low VSWR), stable signal
transmission and accurate signal reproduction (fidelity) across
the band. In [12], an ultra-wideband (UWB) antenna design
featuring a compact octagonal shape is illustrated. The au-
thors simulated and built various prototypes as monopole an-
tennas. These prototypes achieved good agreement between
simulations and real-world testing, demonstrating their effec-
tiveness for UWB applications with a wide-ranging frequency
range (3.1 GHz to 14 GHz). In [13], an elliptical UWB an-
tenna design uses a printed monopole structure. By modify-
ing the shape of the ground plane, the authors achieve a wide
operational bandwidth (3.1-10.6 GHz) despite the antenna’s
small size. Simulations and real-world testing confirm the an-
tenna’s performance, demonstrating good signal return, a near-
omnidirectional radiation pattern, and faithful transmission of
signal waveforms across the band. The paper also analyzes the
antenna’s ability to preserve signal integrity using a fidelity fac-
tor calculation. In [14], a UWB antenna is designed which
consists of notched patch and bottom elements with a CPW
feed. Designed and analyzed with HFSS software, the antenna
achieves a wide bandwidth (3.083—11.0 GHz) with good sig-
nal transmission (VSWR < 2) and a maximum gain of around
5.7dBi at 10 GHz, as verified by real-world measurements.
In[15],a CPW fed UWB antenna is designed which comprises
an open annulus shaped strip as ground and an open crescent
shaped patch within the annulus as a radiation element. De-
spite its small size (33 x 30 x 1.57 mm), the design achieves
an impressive ultrawide bandwidth, covering a frequency range
of 3 to 14 GHz (129% relative bandwidth). In [16], notched
bands are realized in a CPW fed UWB single iterated octagonal
patch antenna by using split ring circular slots. Designed on a
cost-effective FR4 substrate, the antenna features two indepen-
dently controlled notched frequency bands (4 GHz-5.78 GHz
and 6.83 GHz—8.22 GHz) achieved using split ring slots. An it-
erated octagonal CPW-fed patch antenna achieves a wide oper-
ating bandwidth (3.2-10.5 GHz) with good impedance match-
ing. Simulations and measurements confirm excellent perfor-
mance, including high efficiency (> 90%), a compact size
(20 x 23 mm?), and a near-omnidirectional radiation pattern. In
[17], a rose curve-contoured ultra-wideband antenna and dual
notched band characteristics is developed using a complemen-
tary SRR in the antenna patch. The antenna achieves a wide
bandwidth (3.1-11 GHz) in a very compact size (864 mm?) on
a common substrate. To prevent interference in Wi-Fi and ISM
frequency bands (around 3.5 GHz and 5.8 GHz), the authors in-
corporate a special structure called a complementary dual-band
split ring resonator near the antenna’s feed line. In [18], an
exponential tapering in a slotted ultra-wideband antenna is re-
ported with notched features. The antenna is fed by a microstrip
line loaded with special structures called Split Ring Resonators
(SRRs). The study explores the versatility of this design by us-
ing two different SRR shapes (square and hexagon) to achieve
the desired notch frequencies. The effectiveness of the design
is confirmed by building and testing prototypes, with the mea-
sured performance (impedance and radiation) closely matching
simulations. In [19], a microstrip-fed UWB circular patch an-
tenna is designed for notch characteristics where a band-pass
filter (BPF) based on a four-slotted line resonator and a stub
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integrated in circular radiating patch is developed. The filter
itself is a compact design that effectively cancels unwanted sig-
nals (common-mode rejection) and features a clever feeding
method to excite the desired signals. Additionally, small stubs
are used to fine-tune the antenna’s performance for good signal
transmission (impedance matching) across a wide band (2.95—
10.75 GHz). The design also includes a separate notch filter
around 5.5 GHz achieved by strategically placed lines on the
feed. Measurements confirm the effectiveness of the design for
both differential and common-mode signals. In [20], a dual
notched CPW-fed UWB antenna is demonstrated by imple-
menting a m-shaped slot and electromagnetic bandgaps (EBGs).
To achieve dual notches, the design incorporates electromag-
netic EBGs on either side of the ground plane. These notches
target specific bands for WiMAX, i.e., (3.3-3.7 GHz) and Satel-
lite communication C-band, i.e., (6.5-7.2 GHz), while main-
taining a wide operating bandwidth (2.7-11.7 GHz) with good
signal transmission (VSWR < 2). The antenna was built and
tested, demonstrating good agreement between simulations and
real-world measurements. In [21], a coplanar waveguide fed
convex dual notched hexagon shaped ultrawide band antenna
is presented. The antenna utilizes an L-shaped ground plane
and a tapered slot in the radiating patch to create two separate
notches that block specific frequencies. This allows the antenna
to operate in two UWBs (around 5.4 GHz and 9.6 GHz) while
avoiding interference from common bands like PCS, GSM, and
Wi-Fi. Despite its compact size (40 x 22 x 1.6 mm?), the an-
tenna achieves good impedance matching and exhibits accept-
able radiation characteristics. In [22], a circular slotted UWB
antenna fed by CPW, with dual band notch features is pro-
posed by employing a stepped impedance stub within the radi-
ation patch which is circular ring shaped and by implementing
a parasitic element in arc shape within the patch. By adjust-
ing the sizes of these elements, the antenna can reject signals
at two specific frequencies while maintaining a wide operat-
ing bandwidth (2.7-11.6 GHz) with good signal transmission
(VSWR < 2). The effectiveness of the design is confirmed
through fabrication, measurements, and successful demonstra-
tion of the dual-band rejection functionality. In [23], a slotted
dual notched UWB antenna is implemented using a rectangular
slot and folding stepped resonator. To achieve the dual notches
(3.76-5.9 GHz for Wi-Fi and 2.85-3.32 GHz for WiIMAX), the
design incorporates a rectangular slot on the patch and a folded
stepped resonator in the ground plane. The antenna maintains
a wide operating bandwidth (2.8—-10.6 GHz) in a compact size
(32 x 32mm?) and exhibits good performance in terms of sig-
nal transmission, signal delay, efficiency, and radiation pat-
terns. In [24], a rectangular UWB antenna with a U-slot and
a half-cut ground structure for dual notched feature has been
proposed. To prevent interference in specific frequency bands
(Wi-Fi and satellite), a U-shaped slot is etched into the radia-
tor, creating dual notches (3.8-5.3 GHz and 6.2—7.3 GHz). The
antenna maintains a consistent signal delay throughout the op-
erational band (except for the notch regions) and exhibits good
agreement between simulations and real-world testing, making
it suitable for UWB applications. In [25], a radiating patch and
ground plane slots are presented. The antenna uses a hexagonal
radiating patch with two slots: a meandered S-shaped slot on
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FIGURE 1. (a) UWB antenna (denoted as Antenna 1); (b) SRR loaded UWB antenna for WLAN band notch (denoted as Antenna 2); (¢) SRR loaded
UWB antenna for SHF Satellite Communication band notch (denoted as Antenna 3); (d) Optimized UWB antenna with dual notch characteris-
tics(denoted as Antenna 4).

the patch for the WiMAX notch (3.2-3.8 GHz) and an inverted
U-shaped slot in the ground plane for the WLAN notch (5.1-
5.8 GHz). Despite a compact size (44 x 44 mm?), the antenna
achieves a wide operating bandwidth (2.4—12.4 GHz) and good
agreement between simulations and real-world testing. Analy-
sis of the current distribution on the antenna’s surface confirms
the effectiveness of the slots in creating the notches. In [26],
an elliptical ultra-wideband antenna integrated with a reversed-
U-shaped resonator and a conductor-shaped resonator is pro-
posed with dual notched features. The UWB antenna achieves
a wide bandwidth (2.5-11 GHz) with good performance (gain,
phase response, group delay, radiation pattern) in a compact
size. The notch variation utilizes strategically placed resonators
to create dual notches that block WLAN and ITU bands while
maintaining the UWB antenna’s desirable characteristics. In
[27], a miniaturized (24 x 20 mm?) UWB antenna design with
tunable notches is reported. The antenna uses a U-shaped radi-
ating patch with structures (parasitic stubs and metamaterial el-
ements) to achieve a wide operating bandwidth (2.7-11.4 GHz).
Uniquely, the design incorporates two PIN diodes that can be
switched to create four different functionalities: a regular UWB
antenna, a UWB antenna with a notch for Wi-Fi (WLAN), a
UWB antenna with a notch for S-band, or UWB antenna with
notches for both S-band and Wi-Fi. The effectiveness of the
design is confirmed through measurements in both frequency
and time domains.

The demonstrated dual notch UWB antenna consists of regu-
lar geometric shapes of semicircular with rectangular slots and
a pentagonal stub. The microstrip fed antenna has been de-
signed and analyzed. The UWB frequency varies from 3 GHz
to 11.2 GHz with VSWR less than 2. Systematic development
of notch characteristics has been implemented in the proposed
UWB antenna by incorporating SRRs to minimize existing in-
terference from commercial application bands. The dual notch
bands are introduced at WLAN band (i.e., 5 to 5.8 GHz, with
14.8% bandwidth percentage) and SHF satellite communica-
tion band (i.e., 7.2 to 7.8 GHz, with 8% bandwidth percentage).
Explicit analysis on time domain of the designed antenna has
been performed. The designed antenna is prototyped, and the
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measurements are in concurrence with simulation results. The
novelty of the work lies in the implementation of resonators
in the broad surface of the UWB antenna, due to which mu-
tual coupling between the notch bands can be minimized. Also
the notches exhibit independently controllable feature, which
can be justified by studying the nature of independence of the
notch bands. Loading of resonators in broad surface of the an-
tenna provides provision for triple/quad notch realization in the
same structure. Detailed analysis on time domain has been per-
formed for the proposed dual notched antenna.

2. ANTENNA DESIGN

2.1. Systematic Development of UWB Antenna with Dual Notch
Characteristics

The recommended UWB antenna has dimensions as given in
Table 2 and is prototyped on an FR4 Epoxy dielectric substrate
(er i.e., dielectric constant = 4.4, tan § i.e., loss tangent = 0.002,
h i.e., thickness = 1.57 mm), as given in Figure 1(a) (Antenna
1). A CPW feed microstrip line, having a width of 1.98 mm for
50 Q2 impedance, has been incorporated to excite the pentagonal
stub. To obtain a notch band at WLAN band (i.e., 5 to 5.8 GHz)
, a rectangular SRR has been integrated in the ground surface
as demonstrated in Figure 1(b) (Antenna 2). Subsequently, to
achieve notch band at SHF satellite communication band (i.e.,
7.2 to 7.8 GHz), a second rectangular SRR is integrated in the
lower surface of the proposed UWB antenna as given in Fig-
ure 1(c) (Antenna 3). To minimize the mutual coupling among
the slot and resonators, the antenna is optimized to generate
simultaneous dual notch band characteristics, as illustrated in
Figure 1(d) (Antenna 4). The VSWR versus frequency varia-
tion for the proposed UWB antennas with notch characteristics
are shown in Figure 2. Thus, the work focuses on the systematic
development of a UWB dual notch band antenna to minimize
interference from commercial application bands. The dual and
notched UWB antenna has been modelled and simulated using
different dielectric substrates, and a comparative analysis of the
VSWR variation with respect to frequency for UWB antenna
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FIGURE 2. Comparative VSWR versus frequency variation of proposed antennas based on simulation data.
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FIGURE 3. Comparative VSWR versus frequency variation for (a) Proposed ultrawide band antenna, (b) Dual band notched ultrawide band antenna,

with different dielectric substrate based on simulation data.

and notched UWB antenna is illustrated in Figure 3. The vari-
ous parameters for the dielectric substrate used for the compar-
ison are FR4 Epoxy (g, = 4.4, tand = 0.002, h = 1.57 mm),
Arlon AD270 (¢, = 2.7, tand = 0.0023, h = 1.58 mm),
Neltec (¢, = 3.2, tand = 0.0024, h = 0.76 mm), Roger
RO4350 (¢, = 3.66, tand = 0.004, h = 1.52mm), RT Duroid
(e, = 2.2, tand = 0.0009, h = 2mm).

Figure 2 illustrates the VSWR versus frequency variation of
the notched UWB antenna. The antenna design methodology
can be given as:

Step 1: The objective is to design a UWB antenna with dual
notch band frequency for applications, including imag-
ing, remote sensing, multimedia, localization, short-range,
high-data-rate transmission, and radar.

Step 2: Based on mathematical modeling of resonators
(Egs. (1)—(8)), the antenna dimensions are calculated.

Step 3: Particle Swam Optimization algorithm has been used
to optimize the parameters such as resonant frequency,
VSWR, Length L, and width W of the antenna, for UWB
antenna. Further, VSWR and width of the resonators 7o
and Ry are optimized to achieve dual notch band UWB
antenna. The optimizing range is given in Table 1.
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TABLE 1. Parameter range of values.

Parameters Resonant VSWR I w
for Antenna 1 Frequency
Max 12 GHz 5 40mm | 30 mm
Min 2 GHz 30mm | 20 mm
Parameters
for Antenna 4 VSWR " R
Max 30 10mm | 10 mm
Min 0 5 mm Smm

Step 4: Particle Swam Optimization has been implemented us-
ing MATLAB software. The termination criterion is 60 it-
erations and less than or equal to 1 percent error in the cost
function.

Step 5: Antenna 1| (UWB antenna) and Antenna 4 (dual notch
band UWB antenna) have been designed and simulated
with optimized parameters. It can be seen from Figure 3
that VSWRs are maximized at 5.5 GHz/7.5 GHz and mini-
mized (< 2) in rest of the antenna frequency band to guar-
antee the fitness of the best designed antenna.
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2.2. Parametric Analysis

An asymmetrical geometry [35,36] is implemented for UWB
antenna as shown in Figure 1 to achieve better performance.
The pentagonal stub has been optimized to achieve the mid
and higher frequency range, while left and right stepping along
with the circular arc has been optimized to obtain the lower fre-
quency range, as shown Figure 4. The VSWR is well below 2 in
ultrawide frequency range of the asymmetrical antenna, as can
be observed in Figure 2, which justifies the superior antenna
performance.

-20 4

-30 4 [——"Original UWB Antenna
——Symmetric Structure
= Decrease pentagonal stub by 2mm|
=== Decrease pentagonal stub by 3mm|
Decrease pentagonal stub by 4mm|
Decrease pentagonal stub by Smm|
==Increase circular arc by 4mm
==Increase circular arc by 5mm
——Decrease circular arc by 2mm
Decrease circular arc by 4mm
===Increase left stepping by 0.2mm
Decrease left stepping by 1mm
(——Decrease left stepping by 2mm
[——Increase right stepping by 2mm

S11 (dB)

40 -

-50 4

-60 H

f==Decrease right stepping by 1mm
[=—Decrease right stepping by 2mm

Freq (GHz)

FIGURE 4. Variation of antenna parameters based on simulation data
for realization of ultrawide band antenna.

Two SRRs are inserted on the bottom surface of the an-
tenna to obtain dual notched bands at 5 GHz to 5.8 GHz (14.8%)
and 7.2 GHz to 7.8 GHz (8%) GHz with the center frequencies
5.4/7.5 GHz, respectively. The band notched features may be
controlled by appropriately altering the resonator specifications
at the bottom surfaces of the antenna. The effective lengths of
the resonators are in accordance with [28—30]. The notched
bands are generated when radiations are suppressed around the
resonant frequencies (within the bandwidth of the notches).
Evaluating the current distribution provides a comprehensive
understanding for the formation of notched bands. Figure 5 de-
picts the distribution of current of the antenna, indicating that
current confinement is higher around the resonator which re-
sults in the notched frequency bands.

2.3. Mathematical Modelling of Resonator [31]

The dimensional details of a square SRR is shown in Figure 6.
The notch frequency, f,otch, Which corresponds to the resonat-
ing frequency f, of a square SRR, is given by

Wnotch 1 1

fnotch - ? -

27 L1 Cl

(M

where L = equivalent inductance of split ring resonator. C; =
equivalent capacitance of split ring resonator.

This equivalent capacitance, C'y, can be evaluated as in [30]
and [32]:

(Co + Cyap)

Cy = 5

@
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The split gappings are of identical dimensions G; = G2 = g.
Thus, the gap capacitances are equal which can be denoted as
Cyap, and the distributed series capacitances are indicated by
C" = C" = C, [30]. Assuming the thickness of the metallic
strip conductors as ¢1, the gap capacitances can be calculated

as,

oty

C =
gap g

3)
The distributed capacitances ' = C” = C,, are also a function
of the split ring gap dimensions g and the average ring dimen-
sion 74y ¢ and given as,

Co = (4ravg — g)C" where, 1Ay g = Teqt — & — Y

L@

C" is the capacitance value per unit length and is formulated
as [30,32]

NGS

Cz

O/I — (5)
where ¢ = free space velocity of light and Z = the line charac-
teristic impedance [33].

The resonating frequency of a square split ring resonator re-
sulting in the notch bands at its resonance can be expressed as,

1 1
27/ L1 Cy 277\/L1[(27"AVG _ %)C” + Eol‘tl]

2g

Jr

(6)

The equivalent inductance L; is given as [34],
41
L; =0.0002 x I x { 2.3031og,, ~ 7 uH @)

where v = 2.853 for square loop. The evaluation of the wire
length [ is given as

I = 8Text — g (8)
where, length [ and thickness x are in mm.

Based on the above calculation, asymmetric SRRs have been
employed in the present work to achieve the desired notching
frequencies. From the results, it can be justified that asymmet-
ric SRRs yielded a better notch band in terms of VSWR param-
eter in comparison to symmetric SRRs.

3. LUMPED CIRCUIT OF THE ULTRAWIDE BAND AN-
TENNA WITH DUAL NOTCH BANDS

The equivalent electrical circuit for the proposed antenna has
been developed gradually and optimized to the input impedance
of electromagnetic model. The UWB nature of an antenna is
owing to a considerable number of distinct resonances that co-
incide with each other. The input impedance of the equiva-
lent circuit model is precisely matched to the proposed antenna.
The wideband frequency range for an UWB antenna is caused
by numerous independent resonances that overlap with one an-
other. Multiple RLC components connected in series are used
to model the proposed UWB antenna using the same approach.
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(b)

FIGURE 5. Simulated distribution of current for the dual notch band UWB antenna at 5.4/7.5 GHz as

shown in (a) & (b).

The values of the equivalent circuit model are determined by
using Advance Design System (ADS).

For the resonant circuit, the values of the lumped circuit com-
ponents are computed [37]. Egs. (9), (10), and (11) provide
formulas for calculating the values of L and C' for the notch

frequency.
Fractional Bandwidth:
A=279 )
Wo
The formulas for calculating values of L and C are:
Zy,x L'
L == 10
we X A (10)
A
C = (11

Zy x C! X w,

where Z, = 5010, L’ = 0.3052 and C’" = 1 [37].

Equivalent circuit model for the recommended UWB an-
tenna is given in Figure 7. The optimized circuit parameters are
Lo =0.42nH, L; = 0.520nH, Ly = 0.26 nH, L3 = 0.201 nH,
Ly = 0.106nH; Cy = 1.32pF, C; = 4.164 pF, Cy = 3.99pF,
C3 = 2.404pF, Cy = 3.157pF, Ry = 46.039), Ry = 55.4),
Rs = 39.19Q, Ry = 53.92€). The results demonstrated in
Figure 9(a) justify the fact that the S7; parameter of the equiv-
alent circuit and the EM model of the UWB antenna are in con-
currence.

The equivalent electrical circuit model developed for the dual
notched band UWB antenna, shown in Figure 8, has optimized

R R Rs Re
AV W N e
ﬁ" L L: Ls L L
o1 gy T A1
G C G Cs

FIGURE 7. Equivalent electrical circuit ultrawide antenna.
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FIGURE 6. Dimensional details of Square
SRR.

Lex
o ik —

Rsi (|:|F2

I
. Z
n ]
i(‘n
5.49GHz 7.45GHz

FIGURE 8. Equivalent circuit for the notched ultrawide band antenna.

circuit parameters as Ly = 1.53nH, L,s = 1.60nH; Cs; =
0.54929 pF, Cpa = 0.28524 pF; Ry = 11.6Q2, R0 = 67.440.
The results demonstrated in Figure 9(b) justify the fact that the
S11 parameter of the equivalent circuit and the EM model of the
dual notched ultrawide band antenna are in good agreement.
The EM simulation VSWR and input impedance of the dual
notched band antenna are also in sync with that of the circuit
model as given in Figure 10.

4. NATURE OF NOTCHED FREQUENCY BAND INDE-
PENDENCE

Modification in the opening gap (as demonstrated in Figure 11)
and width (as demonstrated in Figure 12) of the SRR 1 alters
WLAN band. However, the other notch band remains almost
intact as seen from figures. Likewise variations in the open-
ing gap and width of SRR 2 yielded similar results, as seen in
Figure 13 and Figure 14, respectively.

5. RESULTS AND DISCUSSION

Using a full-wave electromagnetic simulation tool, the pro-
posed antenna was assessed and optimized. The antenna has
been consequently prototyped as illustrated in Figure 15, with
optimized structural parameters which are provided in Table 2.
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FIGURE 9. Comparative S parameter for full wave EM and circuit simulations. (a) Ultrawide band antenna. (b) Dual notched ultrawide band antenna.
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FIGURE 10. (a) VSWR variation against frequency. (b) Input impedance (z) variation against frequency of proposed ultrawide antenna.

——WLAN SRR Opening Gap (15, r6) decrease by 0.1mm
——WLAN SRR Opening Gap (r5, r6) increase by 0.1mm
—— WLAN SRR Opening Gap (r5, r6) increase by 0.2mm
—— WLAN SRR Opening Gap (r5, r6) increase by 0.3mm
—— WLAN SRR Opening Gap (r5, r6) increase by 0.4mm

VSWR

Freq(GHz)

FIGURE 11. Variation of the opening gap of SRR for WLAN band.

Figure 16 shows VSWR variation against frequency of the an-
tenna, and from the figure it is evident that that the measure-
ments are in sync with simulation results.

The overall antenna gain is shown in Figure 17. The highest
gain achieved over the UWB range is around 2.7 dBi exclud-
ing the notched bands whereas the gain has been substantially
decreased in the notch bands.

Figure 18 shows the normalised radiation pattern in Y Z-X Z
plane at 4/7/9 GHz. Excluding the notches, the antenna reports
a stable omnidirectional pattern across the entire UWB spec-
trum. There is certain pattern deterioration observed at high
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—— WLAN SRR width decrease by 0.3mm
—— WLAN SRR width increase by 0.1mm
—— WLAN SRR width increase by 0.2mm
—— WLAN SRR width increase by 0.3mm

VSWR

3 4 5 6 7 8 9
Freq(GHz)

FIGURE 12. Variation of the width of SRR for WLAN band.

frequencies which is owing to the extensive magnitude of the
mode of higher order.

6. ANALYSIS OF ULTRAWIDE BAND ANTENNA PRO-
TOTYPE IN TIME DOMAIN

Short pulse transmission is used in UWB impulse radio tech-
nology. Although the designed antenna has a broad response in
frequency domain, it does not imply that it will perform well in
the time domain. As a result, within an anechoic chamber, two
identical antennas were placed on the dual port terminals of the
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Satcom SRR Opening Gap (R5, R6) decrease by 0.1mm
—— Satcom SRR Opening Gap (R5, R6) decrease by 0.2mm
—— Satcom SRR Opening Gap (R5, R6) decrease by 0.3mm
Satcom SRR Opening Gap (R5, R6) increase by 0.1mm
—— Satcom SRR Opening Gap (R5, R6) increase by 0.2mm

VSWR

0+— T T T T T T T d
6 7

Freq(GHz)

FIGURE 13. Variation of the opening gap of SRR for SHF satellite com-
munication band.

—— Satcom SRR Width decrease by 0.1mm
—— Satcom SRR Width decrease by 0.2mm
—— Satcom SRR Width decrease by 0.3mm
Satcom SRR Width increase by 0.1mm

—— Satcom SRR Width increase by 0.2mm

VSWR

T T T T T T 1

7
Freq(GHz)

FIGURE 14. Variation of the width of SRR for SHF satellite communi-
cation band.

FIGURE 15. Antenna prototype with (a) Front view, (b) Rear view (units in millimeter).

TABLE 2. Antenna Dimensional details as shown in Figure 1.

Notation . . Notation . .
. L. Dimension . L. Dimension
used in Description . used in Description L
(in milimeter) (in milimeter)
figure figure
L Length of UWB antenna 35.4 T3 Width of Inner SRR (SRR 1) 6.66
w Width of UWB antenna 28.82 T4 Length of Inner loop of SRR (SRR 1) 4.67
L Length of pentagonal stub 17.64 5 Gap of Inner SRR (SRR 1) 0.57
Wo Width of pentagonal stub 12.49 T6 Gap of Outer loop of SRR (SRR 1) 1.5
D Diameter of semicircle 24.56 Ry Length of Outer SRR (SRR 2) 6.58
t1 Left stepping of UWB antenna 5.94 R, Width of Outer loop of SRR (SRR 2) 8.76
to Right stepping of UWB antenna 4.24 Rs Width of Inner SRR (SRR 2) 6.76
5 Length of microstrip feedline 6.89 Ry Length of Inner loop of SRR (SRR 2) 3.88
Wi Width of microstrip feedline 1.98 Rs Gap of Inner SRR (SRR 2) 0.46
1 Length of Outer SRR (SRR 1) 7.37 Rs Gap of Outer loop of SRR (SRR 2) 0.4
T2 Width of Outer loop of SRR (SRR 1) 8.66

analyzer to confirm the applicability of the proposed notched
UWB antenna for time domain applications as well as to quan-
tify group delay. The two similar antennae function as trans-
mission antenna and reception antenna respectively. When the
antennas are placed face to face, from a particular direction, the
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front side of the first antenna and the rear side of the second an-
tenna will be visible (as observed from Figure 19). In the front
side, the patch and ground planes are visible, and in the rear
side, the two split ring resonators, integrated in the rear side of
the antenna substrate are visible [38]. To improve measurement
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14

—— Simulated
—— Measured

124

VSWR

Freq(GHz)

FIGURE 16. VSWR of the proposed antenna based on simulation and

measurement data.

Gain (dBi)

T ~Tnr 1 15 17T 1 71 1

4 5 6 7 8 9 10 11 12
Frequency (GHz)

FIGURE 17. Gain versus frequency of the proposed dual notched ultra-
wide band antenna.
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FIGURE 18. Radiation profile of the dual notched ultrawide band antenna at 4 GHz/7 GHz/9 GHz.

precision, the planes of reference were adjusted with respect to
the terminals of the antenna. The measured transfer function
or transmission loss of two identical types of fabricated anten-
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nas positioned facing each other and side by side in free space
at 30 centimeter and 60 centimeter distances is demonstrated
in Figure 19. The S; is observed to decrease as the distance
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FIGURE 19. Transmission loss versus frequency of two identical UWB antennae in (a) facing each other at 30 cm, (b) Side by side at 30 cm, (c) facing

each other at 60 cm, (d) Side by side at 60 cm.
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FIGURE 20. Group delay versus frequency of the antenna prototype.

between the antennas widens. A relatively constant response
with minor non-linearity ensures that the broadcast signal is re-
ceived without distortion. Measured group delay is identified to
ensure that UWB antenna is free from distortion. The variance
in group delay is within one nano second, excluding the dual
notched frequency band, where it is much larger, as illustrated
in Figure 20. This implies that the antenna is devoid of dis-
tortion and has notable time domain features in the operational
range.
By definition, the correlation coefficient (denoted by p) is:

[ S1(t)Sa(t — 7)dt
VSt [ S3(t)at

(12)

p = maxT
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where S (t) and S (t) are signals of transmission antenna and
reception antenna, and ‘7’ is the delay.

If p = 1, fidelity has reached a maximum level, implying that
the broadcast and receiving signals are perfectly matched. It re-
flects two identical signal waveforms, and the antenna system
does not degrade the input signal. The correlation coefficient
for face-face position and side-side position is 0.853 and 0.871,
respectively for the proposed UWB antenna; for notched an-
tenna, the value of correlation coefficient is 0.827 and 0.837,
respectively for face-face position and side-side position, re-
spectively [38].

Table 3 shows a comparison with the relevant research. This
comparative study was conducted based on feeding mecha-
nism (CPW vs. Microstrip), notching technique, and quantity of
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TABLE 3. Comparative study of proposed design with related literature.

Feedin Notchin Time |Equivalent |Mathematical
Reference Mechanifs;m Techniquge Notches Size Bandwidth Application | Domain | Circuit | Modelling of
Analysis | Model resonators
Split ring 410578 GHz, | 23x20 UWD range
[16] CPW fed . 3 3.2-10.5 GHz | without WLAN x x x
circular slots 6.83 to 8.22 GHz x1.6 mm
band and X-band
UWB range
07 | cpwrea | SO nas.8 G s | 3i-iigHg | Without Wi
| dual-band SRR | 77 A2 PEE | 864 mm : z and ISM * * d
frequency bands
6.28 GHz/7.33 GHz UWB range
Microstrip | Square and (Tunable) 4.27 GHz | 29 x 55.8 N .
(18] feedline | hexagon SRRs and 6.1 GHz x1.52 mm? 3.1-106 GHz |without 4.27 GHz| x x
(Simultaneous) and 6.1 GHz
Dual spur-lines
Microstrip | embedded in 29.38 x 28.25
[19] . ) g . . - UWB range
feedline Nfl‘lciﬁstnp 5.5 GHz X 0.508 mm? 2.95-10.75 GHz without 5.5 GHz x x x
eedline
UWB range
34 GHz without S-band
) WiMAX
n-shaped slot (3.3103.7GHz) | 40x52x0.7 MA!
201 CPWIed 1 d EBG and69GHz | 62mm' | 27-117GHz | application ) x v
(6.5t0 7.2 GHz) IEEE INSAT
applications
UWB range
without
PCS, GSM
L'Sthed ; 800/1900,
ground an 2.4 GHz and 40 x 22x% ISM, WLAN, X x x
[21] CPW fed stepped 7 GHz 1.6 mm? 3.17-10.67 GHz and X-band
rectangular satellite uplink
slot in patch and downlink
communicat
ion system
Stepped
impedance
resonator 5.5 GHz and 32x24 UWB range
[22] CPW fed q i 8 GHz %1.6 mm?> 2.7to 11.6 GHz | without WLAN X X X
anl paratS{ 1c band and X-band
element in
arc shape
Rectangular
slot and UWB range
(23] | CPWfed | folding 32 Stz and 32x32% | 281010.6 GHz | without WLAN | % x x
stepped ' z 1.6 mm’ and Wimax
resonator
381053 UWB range
[24] | CPW fed | Rectangular and 6.2 to 4030 % | 5640 106GH, | imout38 v x x
slot 73 GHz 1.6 mm® to 5.3 and
’ 6.2t0 7.3 GHz
'WB range
Sand U 3.2-3.8 GHz 44 x 44 v <
2 PW f _
[25] ¢ ed shaped Slots and 5.1-5.8 GHz x1.524 mm? 247124 GHz | without WLAN ) ) )
and Wimax
Inverted-U-
shaped and UWB range
[26] | CPW fed nductor- 5.2-5.7 GHz 24x32x1.5 25-11GHz | without WLAN .
conducto and 7.2-8.5 GHz J v v
shaped : . mm and ITU band
resonator
UWB range
. 2.85-3.34 GH: 24 x 20 .
[27] CPW fed PIN diodes 8: 9‘33 6:}(};1;“(1 X 0,787 mm’ 2.7to 11.4 GHz | without S-band N x x
o : and WLAN
UWB range
without
5t05.8 GHzand | 35.4 x 28.82 WLAN band
Present | CPW fed SRR 72 t0 7.8 GHz %1.57 mm® 3to11.2 GHz and the SHF v v v
’ ' satellite
communication
band
137 WWwWw.jpier.org
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notches, size, frequency bandwidth, and application. The nov-
elty of the work in comparison to other available articles lies
in achieving well balanced and precise notch band characteris-
tics. Further more time domain analysis, realization of equiv-
alent circuit model, and mathematical modeling of resonators
have been performed for the recommended antenna.

7. CONCLUSION

A wide range of wireless applications, including imaging, re-
mote sensing, multimedia, localization, short-range, high-data-
rate transmission, and radar, have benefited greatly from the de-
velopment of ultra-wideband technology. A dual band notched
UWB antenna is demonstrated in this research work. The
WLAN (i.e., 5 to 5.8 GHz) and SHF satellite communication
systems (i.e., 7.2 to 7.8 GHz) are developed employing SRRs.
It is established that notches can be tuned exclusively, imply-
ing that altering the parameter of resonator only impacts the
notch band and has no effect on the rest of UWB frequency.
Experimental and simulated findings are in accordance. Within
UWRB, except at notch bands, constant amplitude of group delay
and transfer function are obtained, resulting in excellent linear
transmission of the antenna. This proposed dual notched UWB
antenna is suitable for widespread application in emerging tech-
nology domains such as material sensors and imaging in the
UWRB range except WLAN and SHF satellite communication
system frequency bands.
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