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Abstract: A coplanar waveguide fed asymmetric ground frequency reconfigurable antenna is designed and analyzed
in this paper. The proposed antenna is occupying the compact dimension of 50X45X1.6 mm on FR4 substrate with
dielectric permittivity 4.4. The designed antenna is operating in the wideband from 2 to 5.8 GHz with coverage in
applications like Bluetooth, LTE, Wi-Fi and WLAN. The reconfigurable nature of the antenna is analyzed with the
switching of PIN diodes placed on the antenna structure. The on and off conditions of the diodes D1 and D2
providing switching between the LTE, Wi-Fi and WLAN bands with good impedance matching. The advantage of
PIN diodes includes high power handling capability, very low driving voltage and extremely low cost. Here the
switch placement and control/biasing strategies depend on the type of the switch and the topology of the antenna.
The prototyped antenna with biasing is providing excellent correlation with High Frequency Structure Simulator
(HFSS) and Computer Simulation Technology (CST) simulation results. The reconfigurability of the antenna and its
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parametric optimization is analyzed and presented in this work.
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1. Introduction

The rapid development in the wireless
communication enabling different applications in
commercial and military fields [1]. The technology
growth switching the multidisciplinary fields to
utilize the information in advanced way and giving
directions to work in novel environments [2]. The
heart of wireless communication lies with efficient
and powerful antenna design. The antennas are
becoming so compact and smart to serve the needs
of modern communication applications [3].
Compact antennas with novel structures to provide
high gain, bandwidth and reconfigurable nature is
the current research area, which is having lot of
scope in the design of advanced communication
modules [4].
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To allow maximum connectivity in the single
wireless platform, more number of radios is to be
integrated [5]. Extensive research is under way to
develop multiple radio mobile platforms such as
Mobile Internet Devices, laptops and smart devices
to address different wireless services scattered over
a wide frequency range [6]. Researches designing
multiple band antennas to addresses different
wireless communication applications such as GPS,
GSM, PCS, UMTS, Bluetooth, LTE, Wi-Fi and
WLAN etc. [7]. These multi band antennas are
facing several challenges when more and more
wireless services are packed into compact devices
[8].

A comparison between antenna solutions and
wireless mobile platforms provide different
characteristics for the analysis. If the number of
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antennas is used in wireless mobile platform then
frequency bands, services and diversity problems
should be addressed [9, 10]. When multi band/wide
band antennas are used then wireless modules
related diversity problems should be addressed. The
individual radio performance is excellent with
multiple antennas and good with multi band/wide
band antennas. But due to insertion losses at front
end the receiver sensitivity will be decreased [11,
12].

The solution for these problems can be obtained
by designing reconfigurable antennas. These
reconfigurable antennas have multiple advantages
like switching to dedicated bands and reduction of
interference etc. [13]. The reconfigurable antenna
supports only one service at a time with low power
consumption at low cost [14]. The reconfigurable
antenna usually equipped with switches that are
controlled by DC bias signals. By toggling these
switches in on and off states, the antenna will be
reconfigured to support a dedicated set of operating
frequencies [15]. The reconfigurable antennas
consist of three types of configurations like
frequency reconfigurability, polarisation
reconfigurability and hybrid reconfigurability (both
frequency and polarisation reconfigurability) [16].
Commonly two major types of switches, PIN diodes
and RF MEMS are used in the design of frequency
reconfigurable antennas for wireless applications
[17, 18].

In this article, PIN diodes are used to attain
frequency reconfigurability. The advantage of PIN
diodes includes high power handling capability,
very low driving voltage and extremely low cost
[19-20]. Here the switch placement and
control/biasing strategies depend on the type of the
switch and the topology of the antenna [21, 22]. The
DC lines are placed near the radiating elements
affected the antenna resonant characteristics [23].
Several antennas are designed with reconfigurable
nature in the literature for different communication
applications [24, 25], but this proposed antenna
model is providing excellent bandwidth for
commercial applications with stable gain.

2. Antenna design

A. Design specification
The parameters of the antenna are calculated from
the formulas given below.

1. Calculation of width (W):
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Where
c= free space velocity of light

er= Dielectric constant of substrate

2. The effective dielectric constant of the
microstrip patch antenna
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Eeft = +
2 2 12h
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3. The actual length of the patch(L)

L=Lys —2AL ©)
Where | c__ 4)

eff =

2 fr geff

4.  Calculation of length extension

(£ +0.3) ¥+ 0.264
AL h

2 _0.412
(£ — 0.258{W + 0.8)
h

h

Determining the design specification for the microstrip patch
antenna i.e. &..55, h and the loss tangent

Determination of the antenna parameters

L. W)

‘ Initial design of the microstrip antenna with the 50-Q feed line

¥

Generating the notch response by etching slots in the radiator and
ground plane

2

Determination of impedance matching between the microstrip line
and the patch antenna

Introducing the RF switches and capacitor

) 2

Simulation of the antenna for bandwidth return loss and radiation
pattern using CST

Optimization of frequency reconfigurability based on simulated
results
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Figure. 1 Design methodology
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Figure. 2 Reconfigurable antenna iterations: (a) antenna 1,
(b) antenna 2, (c) antenna 3, and (d) antenna 4 (Proposed)
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Table 1. Antenna dimensions

Parameter | In mm Parameter | In mm
Ls 45 L6 4.5
Ws 50 L7 175
L1 19.5 L8 6

L2 11 Wif 2.8

L3 175 W1 10

L4 4.4 W2 9.5

L5 7

The design methodology of the proposed
antenna and the steps involved in this process is
presented in Fig. 1. The dimensions of the antenna
were calculated from the specified equations and the
final dimensions are optimized in the simulation
process.

The structure of the antenna is very compact in
nature and it is occupying the dimension of
50X45X1.6 mm on FR4 substrate with permittivity
4.4. The designed antenna constitutes a monopole
on the front side of the substrate with combination
of L-shaped stub and U-shaped stub as shown in the
Fig. 2 (a). A closed ground with slots are placed on
the same side of the substrate to excite it to coplanar
waveguide feeding. Two optimized locations are
identified to place the diodes and the markings are
given on the structure with names D1 and D2 as
shown in Fig. 2 (d). To operate the antenna in the
band between 2 to 6 GHz, the slots on the radiating
structure are optimized with respect to impedance
matching of 50 ohms. Coplanar waveguide feeding
is used for ease of connection and for the
improvement of bandwidth. The designed antenna is
simulated with HFSS and CST microwave studio
and the discussion on the results with analysis is
presented in the subsequent sections.

3. Results and discussion

Asymmetric  ground  structured monopole
antenna is designed in HFSS and CST tools and the
simulated reflection coefficient is presented in Fig. 3.
The reflection coefficient obtained from both the
tools are matching perfectly and the bandwidth of
3.8 GHz is obtained from HFSS and 3.7 GHz from
CST. An impedance bandwidth of 95% from HFSS
tool and 93% from CST are obtained. The optimized
design of the proposed antenna is simulated using
the CST Microwave simulation software and the
corresponding results of S-parameter, gain, radiation
pattern and efficiency are analysed.
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Figure. 3 Reflection coefficient of antenna 1 in CST &
HFSS
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Figure. 4 Reflection coefficient of antenna 2

Antenna model 2 reflection coefficient is
simulated and presented in Fig. 4. The antenna
model 2 bandwidth is 3 GHz with coverage from 3.8
to 5.8 GHz only. This is due to the slot between L-
shaped stub to ground plane as shown in Fig. 2 (b).
There is no current flow path between L-shaped stub
to ground plane, which causes the degradation in the
bandwidth of the antenna.

The reconfigurable nature of the antenna is
examined with placement of diodes at two
optimized junctions. Initially D1 is placed at ground
plane lower right corner, which is adjacent to
feedline as shown in Fig. 2 (c). The left side top
corner slot is closed in this case to pass the current
flow from L-shaped stub. The change in capacitance
of the diode is providing reconfigurable behaviour
in the operating band. Capacitance of 0.2 pf is the
optimized dimension and for the remaining values,
the proposed antenna providing notch band
characteristics in the wideband.
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Figure. 5 Frequency reconfigurability of antenna 3
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Figure. 6 3D Gain at 2.4 GHz

The radiation pattern of the proposed antenna at
2.4 GHz and 5.6 GHz are presented in Figs. 6 and 7.
At 2.4 GHz, antenna showing peak realized gain of
5.14 dB and at 3.6 GHz it is around 2.81 dB. The
impedance characteristics of the antenna is shown in
Fig. 8. In the operating band, the impedance is
around 50 ohms and which is the most considerable
parameter in the impedance matching. The radiation
pattern in polar coordinates for 2.4 GHz is shown in
Figs. 9 and 10. Antenna showing omni directional
pattern radiation in H-plane with low cross
polarization and dipole like pattern in the E-plane. It
is also noted that the H-plane pattern show relatively
low cross polarization radiation. This behaviour is
largely due to the strong horizontal components of
the surface current and electric field observed, when
leads to a significant increase of the co-polarization
radiation.
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Figure. 7 3D Gain at 5.6 GHz
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Figure. 8 Frequency vs. impedance

Figure. 9 E-Plane radiation at 2.4 GHz

The surface current distribution of the antenna at
2.4 GHz is shown in the Fig. 11. The current
intensity is focussed at lower half of the antenna and
mostly at feed line and at the adjacent right corner.
The vertical component of the surface current which
contributes for major radiation and the horizontal
component contributes the cross polarization.
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Figure. 12 Prototyped wideband antenna

The slots are made in the maximum current
flowing paths and diodes are connected for
frequency tuning. The diodes swithing in the
approporiate locations provided the band stopping
and band passing characteristics, which inturn
controlled the frequency tuning operation.
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Figure. 14 Proposed reconfigurable antenna with PIN
diodes and biasing lines
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Figure. 15 Frequency vs. gain

The wideband antenna is prototyped on FR4
substrate and the modified proposed reconfigurable
antenna are presented in Figs. 12 and 14. Sma
connector 50 ohms is connected at the feed point to
measure the antenna parameters through aniritsu
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combination analyzer at antennas and liquid crystals
research centre of KLEF. The measured gain and the
simulated gain of the antenna is presented in Fig. 15
and the measured VSWR with simulated results are
presented in Fig. 16.

A good correlation between simulation and
measurement can be observed from the presented
results. The gain is little bit high at higher operating
band and an average gain of 4.5 dB is attained in the
operating band.

The prototyped antenna is tested for its
reconfigurable nature by applying bias voltage to the
diodes and the corresponding change in reflection
coefficient is presented in Fig. 17. Small shift in the
notch band towards higher frequency band can be
observed from the experimented results.
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Figure. 16 Simulated and measured VSWR
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Figure. 17 Reconfigurability measurement by applying
bias voltage
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Table 2. Proposed model comparison with literature

Ref. No | Size in | Bandwidth | Gain in
mm in GHz dB

1 56X48X1.6 | 3.2 4.68

2 58X52X1.6 | 3.6 4.26

6 64X58X1.6 | 3 4,56

18 54X50X0.8 | 3.6 4.8

19 60X56X1.6 | 2.2 5.1

Proposed | 50X45X1.6 | 3.8 5.14

A comparative analysis of proposed antenna
with other models available in the literature is
presented in Table 2. As per the size and
bandwidth is concerned, the proposed antenna
is providing superior results over other models.
Gain is also little bit high over other antennas.

4. Conclusion

A stable gain frequency reconfigurable antenna
with asymmetric ground plane is presented in this
paper. The frequency reconfigurability is attained
through PIN diodes switching operation and the
obtained simulation results are giving good
matching with measured results of the prototyped
antenna model. The on and off conditions of the
diodes D1 and D2 providing switching between the
LTE, Wi-Fi and WLAN bands with good impedance
matching. Peak realized gain of 5.14 dB, average
gain of 4.5 dB and efficiency more than 75% are the
attractive features of the proposed antenna model.
The gain and the efficiency can be further improved
with the placement of frequency selective surface
beneath the ground plane as future work and further
the back lobes can be reduced effectively.
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