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Miniaturised Wide and Dual band Reconfigurable Antenna on-demand for Portable
Wireless Devices

G. JANSIRANI*, R. GANDHI RAJ

Abstract: This article presents a compact reconfigurable antenna capable of wide-band, dual-band operation. The proposed antenna is having two closed rings with ELC
integration in the inner ring. The entire structure is designed and fabricated on a FR4 substrate with the foot print area of 30 x 31 mm2. Initially, a circular ELC-based
monopole antenna operating within the frequency range of 2.4 - 2.7 GHz is described. By integrating two p-i-n diodes between the rings and ELC, distinct operating frequency
bands are achieved through toggling the diodes. With one diode active, the antenna functions at 2.4 - 2.7 GHz and 4.2 - 4.3 GHz. Activating both diodes extends the
bandwidth, enabling operation within the same frequency ranges. The bandwidth of 3200 and 98 MHz is achived in both the bands respectiveley. The gain of the proposed
antenna is maintained above 2.0 dBi in the entire operating frequency range. The antenna's compact design, suitable for WiMAX and WLAN applications, is emphasized,
and a comparison with contemporary designs underscores its size efficiency and versatile operational modes.

Keywords: PIN diode; printed antenna; reconfigurable antenna; WiMAX; WLAN

1 INTRODUCTION

In recent years, the commercial growth of 5G networks
urged the demand for dual-band, and multiband functional
antennas [ 1, 2]. Being the commercial network, the cellular
and mobile technologies are depending on the standards
such as Wi-fi, Wi-Max, WLAN, and GPS, considered to be
the important standards in mobile communication
networks. The aforementioned standards require portable
and efficient small-sized antennas which could operate at
multiple frequencies simultaneously. Multiband functional
antennas present themselves to be a key component for
such mobile applications, which are modelled with
different configurations for achieving the mentioned
multiband functionality [3-5]. Planar antennas found
themselves useful in implementing such multi-band
antennas due to their distinct and appealing behaviour to
fulfil the developing network's requirement [6, 7].
Microstrip patch/planar antennas have become popular in
today's communication systems because of their obvious
advantages such as low production costs, lightweight,
low-profile configurations, and easy integration with active
and passive electronic circuitry [8-10]. However the
modelled antennas for such applications occupy a larger
volume which makes it difficult to embed in compact
devices (dual band antenna). Miniaturization has become
critical for optimal design. There are numerous antenna
miniaturisation techniques, all of which involve a trade-off
between size and performance (bandwidth and/or radiation
yield), such as charging by passive elements, short circuit
application, slots insertion, and the use of a dielectric
substrate  with extremely high permittivity and
meta-materials [11]. Doubly negative materials (DNG) or
meta-materials are materials with negative constitutive
parameters such as negative permittivity (¢) and
permeability («). These materials have never been found in
nature and must be obtained artificially.

2 LITERATURE SURVEY

Because of their unprecedented electromagnetic
properties, metamaterial [17-26] inspired antennas are
critical for improving antenna performance. Many antenna

designers have pushed metamaterial-inspired structures to
improve antenna performance. To build microwave
components, a complementary split ring resonator
(CSRR)-based metamaterial was created [12-14]. Image
rejection in RF down-converters [15], reduction of side
lobe level [16], gain improvement, good impedance
matching [17], and multiband antenna design [18] are all
possible with CSRR-based artificial materials. The
negative permittivity based CSRR metamaterial provides
circular polarisation while reducing cross polarisation
[19, 20]. The CSRR embedded monopole achieved a new
resonance frequency as well as antenna miniaturisation at
the same time [21]. The concept of reconfigurable antennas
have garnered significant interest in  wireless
communication and [oT research due to their ability to
operate across various frequency bands on a single
platform . These antennas, as patented by Schaubert et al.,
adjust their operating frequency, impedance bandwidth,
radiation pattern, and polarization to meet the requirements
of the host system . Hybrid structures of reconfigurable
antennas modify multiple performance parameters,
offering cost, weight, and volume savings. Three switching
mechanisms-electrical, mechanical, and optical-are
commonly employed in their design . Electrical switching
utilizes RF switches like PIN diodes and MEMS for
discrete tuning, while varactor diodes enable continuous
frequency tuning [22]. Mechanical switching employs
tunable materials such as liquid crystals and metasurfaces
for frequency agility, whereas optically controlled
frequency reconfigurable antennas utilize optical
waveguides or photonic crystals to adjust resonant
frequencies. A  notable example is frequency
reconfigurable multiband antenna design for microwave
sensing applications [23]. This design, utilizing PIN
diodes, switches the operating frequency.

3 MATERIALS AND METHODS

On a substrate made of FR4 with a dielectric constant
of 4.4 and a loss tangent of 0.002, the triband ELC antenna
that has been proposed can be built. In order to get at the
proposed antenna, there are four stages of design. As a seed
antenna, we use a straightforward circular monopole that is
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designed to function at a frequency of 2.5 GHz. In order to
create the proposed antenna, a circular ring needs to be
carved, and ELC must be incorporated into the seed
antenna. Electrically speaking, the suggested antenna has
dimensions of 36 millimetres by 31 millimetres by 1.6
millimetres (0.3 microns by 0.26 microns by 0.0133
microns). The suggested antenna has a dual band operation
with a bandwidth of 330 MHz and 120 MHz. The operating
frequency band of the proposed antenna is from
2.4 - 2.7 GHz, and 4.2 - 4.3 GHz. It also includes
resonances at 2.5 GHz, and 4.3 GHz, making it appropriate
for use in WIMAX, and WLAN, applications. The designs
of the proposed antennas, antenna 1, antenna 2, and
antenna 3, are the stages of the design process for the
triband ELC antenna. Antenna 1 is a straightforward
circular disc antenna with a ground dimension of W x Lg.
It has a radius of 8 millimetres and is fed by a microstrip
wire with a resistance of 50 ohms. Etching a circular ring
with 7 mm as the outer ring radius and 6 mm as the inner
ring radius, respectively, is used in the design . Etching
another circular ring with a radius of 5 mm is used, and
finally, the intended to ELC antenna is designed by using
the ELC structure as an inner ring.

Figure 1 Evolution of the proposed antenna

Fig. 1 illustrates the proposed antenna's four different
design stages, showing both the front and the back views.
The suggested triband ELC antenna's geometric design can
be seen illustrated in Fig. 2, and the parameter values for
the antenna can be found in Tab. 1.

Fig. 2 shows the seed antenna without PIN diode. The
proposed structure operates at one frequency at 2.4 - 2.7
GHz. The return loss plot of the stage 1 of the proposed
antenna is presented in Fig. 2. Two p-i-n diodes connect
between the rings and ELC respectively. Switching these
p-i-n diodes on and off creates distinct operating frequency
bands. The antenna operates at 2.4 - 2.7 GHz, and 4.2 - 4.3
GHz with one diode. The antenna with single diode
between the inner and outer ring is presented in Fig. 4 and
its return loss plots are presented in Fig. 5. When both
p-i-n diodes are ON, the antenna may operate from
2.4-2.7GHz, and 4.2 - 4.3 GHz with increased bandwidth.
The antenna with two diodes is presented in Fig. 6 and its
return loss comparison for various ON and OFF states is
presented in Fig. 7.

Table 1 Parameters Values (IN MM)

L w WF LF L1 /4 S
30 31 1 10 3 1 1
L2 R1 R2 a L3 X Y
7 7 6 0.5 2 0.5 2
Figure 2 Proposed ELC antenna stage 1
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diode2

Figure 6 Stage 3 Proposed ELC with dual diode
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4 EVOLUTION AND DESIGN

We study the effect that ground length (Lg), gap
spacing between the rings (a), and ELC capacitive gap (x)
have on return loss by utilising the parametric research
capabilities of the CST programme. More specifically, our
attention is focused on these three aspects. The ground
length (Lg) is increased by 0.8 mm at a time, taking it from
14 mm all the way up to 15.6 mm in total length. Because
using Lg = 14.8 mm results in correct impedance matching
being achieved across the board for all of the resonating
bands, this dimension has been settled on as the one to
utilise for the final construction. The influence that Lg has
on the amount of return loss that takes place is depicted in
Fig. 8a. After that, the space in between the rings is
stretched out to 1.2 millimetres, up from 0.8 millimetres,
using increments of 0.2 millimetres each time. Because of
this, there is a change in the 2.3 GHz band, which
demonstrates that the inner ring is the factor responsible for
the shift. As can be seen in Fig. 8(b), a value of a = 1 mm
achieves impedance matching that is both complete and
reasonable for the 2.3 GHz band. This is the case for both
of the other bands as well. As a consequence of this, the
value will be the one that is applied in the end. The
adjustment made to the value of X does not affect the lower
resonating frequency in any way, but it does have a
considerable effect on the resonating band that is generated
by the ELC. The resonant frequency can be seen to
decrease as the capacitive gap gets smaller in Fig. 8(c), and
it can be shown that the resonant frequency can increase as
the capacitive gap gets larger. Both of these results may be
seen. You can determine this information by comparing the
two different figures. Because x = 1 millimetre provides us
with the WAIC band that we want, we employ it in the
production process for the final product. The parametric
study that was conducted on X makes it quite clear that the

presence of the ELC structure in the proposed antenna is
the root cause of the band that operates at 4.3 GHz. This
conclusion was reached as a result of the study.
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Figure 8 Parametric analysis

5 RESULTS AND DISCUSSION

Fig. 9 displays the simulated surface current
distribution for frequencies of 2.5 GHz, and 4.3 GHz
respectively.

g1
' 4
i

: s PoeRtti
Figure 9 Surface current distribution at two different resonant frequencies
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It has been discovered that the highest current may be
found centred around the circular rings in the lower band,
as well as at the ELC structure in the band operating at
4.31 GHz. The existing distribution makes it quite clear
that the ring and ELC are responsible for the proposed
antenna's bands. Fig. 6 reveals that the ELC is operating at
431 GHz, as measured by its resonance frequency.
Because of this, the permeability supplied by the ELC is
negative at this frequency, which complies with the
metamaterial properties; as a result, it is the factor that is
responsible for the resonance at 4.31 GHz. In each of the
resonant frequency bands, a dipole pattern in the E plane
with the shape of an eight and an omnidirectional pattern
in the H plane is obtained. The radiation patterns that were
measured and those that were simulated are both displayed
in Fig. 10, and there is a high degree of congruence
between the two. The antenna's stability and reliability
during frequency band switching are ensured through

rigorous testing protocols, confirming consistent
performance  across all  operating frequencies.
Additionally, extensive simulations and real-world

experimentation validate the antenna's robustness and
durability under varying frequency conditions.

A comparison of the results obtained through
measurement and those obtained through simulation is
shown in Tab. 2. The influence of fabrication and
soldering is the cause of the tiny discrepancy that may be
seen between the simulated and measured results. Fig. 11
represents the directivity, and it is observed from the figure
that directivity is maintained above2 dBi in the entire
operating region. Fig. 12 presents a comparison of the
simulated gain with the measured gain. At 2.5 GHz, and
4.3 GHz, respectively, the highest gain was measured at
3.2, and 4.1 dBi. In Fig. 13, the fabricated antenna is
presented. The comparison graph between the measured
and simulated results is presented in Fig. 14. The
disagreement between the results is due to the fabrication
and measurement errors.

E-plane simulated
E-plane measured|
H-plane simulated
H-plane measured

E-plane simulated
E-plane measured|
H-plane simulated
H-plane measured|

Figure 10 Radiation pattern measurement at two different resonating

frequencies

Table 2 Simulated and Measured Result Comparison of Elc Triband Antenna

ELC Triband Antenna
Simulated Result Measured Result
Centre Frequency| Return Loss | Operating Band / Impedance Centre Frequency| Return Loss / . Impedance
/ GHz /dB GHz Bandwidth/ MHz|  /GHz Operating Band / GHZ | 5, 4y0idth / MHz
2.5 -20.9 24t02.7 3100 2.7 231029 3200
4.3 —29.5 4.1t043 110 437 4.33t04.42 98
—e— Measured
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Figure 11 Directivity vs frequency
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Figure 12 Gain vs frequency
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Figure 14 Measured vs simulated s11 characteristics

6 CONCLUSION AND FUTURE SCOPE

Circular ELC metamaterial triband antennas for
WIMAX, and WLAN, have been proposed. ELC structure
in the circular radiating element achieves tri-band. Gain
and radiation patterns match the simulated results. Gain
and loss are measured. A parametric examination of the
essential factors and how they affect antenna performance
is also provided. The suggested ELC metamaterial
element's negative permeability is at 4.2 GHz. The outer
ring 2.4 to 2.9 GHz, and the ELC 4.1 to 44 GHz.
Simulation and equations show this. Due to its simplicity,
size, triband capabilities, and symmetric emission pattern,
the suggested antenna's proposed structure can be
integrated with EBG structures and Reflectors to enhance
the gain and directivity.
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