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Abstract — This article pr 'éﬁe design of a dual frequency, dual-polarized microstrip patch
antenna using a Singl ngular Loop (SRL) element. The proposed antenna has a physical

footprint of 50 x 4 mm? and a dielectric constant of 4.2. A single rectangular loop is placed
with truncated @s the inner patch to excite the right-hand circular polarization. The prototype
is designe Qerate in two modes with frequency and polarization re-configurability. The re-
condi ra@nechanism is controlled by a pair of PIN diodes (BAR64-02V), which connect the inner
patc:%(outer loop. In the ON state, the antenna exhibits right-hand circular polarization (RHCP)
as a narrow-band antenna. It is capable of operating at frequencies between 5 GHz and 5.43 GHz.
Furthermore, this device provides linear polarization (LP) in the frequency range of 3.75 GHz to 3.86
GHz. It exhibits 110 MHz of bandwidth in 3.8 GHz (S-band) and provides 430 MHz bandwidth in
5.2 GHz WLAN operating frequencies. The suggested antenna provides a maximum gain of 8.56

dBi. The antenna is fabricated and tested to prove its performance parameters. All the simulations are
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performed using high Frequency Structure(HFSS) software and results are presented with

discussions.

Index Terms— Circular polarization, Reconfigurable antenna, PIN diode, Dual frequency antenna,

I. INTRODUCTION ‘\O

Return loss.

Nowadays, there has been much interest among researc@multifunctional
antennas. With the advent of an increasing population and the use of mob@ s, technology must
cater to the needs of the users. Reconfigurable antennas are table solution to the
abovementioned problem. There are many ways to implement tKv} gurable antenna to serve for
different applications. It is with respect to frequency, patte olarization respectively. Out of
which, polarization reconfigurability is taking much ce because it is the solution for
interference suppression, overcoming multipath f Wnd increasing channel capacity. A low-
profile Meta surface antenna is designed patch and pixel structure. Polarization and
pattern diversity is induced with characterlstl%des in [1]. Radiating patch and parasitic patches
are connected with shorting pin to th und which induced the wideband circular polarization
through multimode resonance [2]. trip patch with truncated corners excited via shared aperture
induced polarization diversity } . Four element antenna arrays with branch line coupler proposed
for polarization diversity [4F; re minimum PIN diodes are used for reconfiguration in millimetre
waves. In [5], similar system for polarization diversity is proposed with Substrate Integrated
Waveguide(SIW iIs claimed for easy integration. Another wideband circular polarized antenna
is designed with CirCular patches and metal rods connected to radiating patch provide AR bandwidth
of 22.58% [6].” CP bandwidth is enhanced by inducing tri orthogonal modes with single feed in [7].
Pol ion diverse antenna capable of changing between LP, LHCP and RHCP is proposed in [8]
with Zrow shaped driven element and quadruple gap coupled patches. An antenna that utilizes seven
pin diodes and is corner truncated with polarization re-configurable in two switchable frequency
bands is suggested [9]. In [10], circular loop loaded with four arc dipole and monopole is arranged
with 12 pin diodes for exhibiting LP, HP and CP modes. Continuous polarization rotation is achieved

with phase shifter network in [11] provide excellent cross polarization discrimination. A simple



antenna structure with 6 reconfigurable pattern and 3 polarization mode is achieved in [12]. Here,
diagonal metallic walls with switches and pin diodes altered the current path on the radiating element
provides multi polarized, multi directional antenna. Similar antenna is implemented with reflector
plane in [13], achieved polarization diversity with high gain. Compact reconfigurable antenna is
designed with reconfigurable feed network using phase shifters in [14-15] exhibits quad polarization

diversity. Near field enabled parasitic Yagi driven antenna is proposed with directors andé rs

to provide quad polarization diversity in [16]. Fiber reinforced polymer composite ce used a
dielectric substrate for pattern and polarization diversity in [17], which av use of
semiconductor devices. Axial ratio improvement in array conflguratlo requency and
polarization switching via corner modification in [19] and [20] are wi r |mplementat|ons

They designed a dual polarized antenna using varactors dl%to achieved polarization
reconfiguration [21]. The compact reconfigurable antenna is & in[22], by using two ideal
switches to perform Ultrawide Band(UWB) operation. 'I%

rn reconfigurable function [23]. In

signed an antenna using radio
frequency switches to be performed by frequency. an
literature, most of the antenna layouts have large @ow bandwidth, low gain. The works have
achieved dual function without circular polarjZati
In this paper, dual frequency dual p%ed antenna is designed with SRL element which
operates in right-hand circular polarization (RHCP) and linear polarization (LP). The operating
modes are obtained with the heMl diodes. This paper is arranged as follows. Section Il
described the design of the ested dual frequency antenna with dimensional characteristics.

Section |11 outlines the r nd discussion. Conclusion and further scope on the antenna are
incorporated in Secti &

2. PROPOS% NNA DESIGN

O

Tho ere are many implementations on dual frequency antenna, there are very few
implementations available for dual polarized implementations. The design process of the suggested

antenna is shown in Fig. 1. Table 1 summarizes the geometrical dimensions of proposed antenna

Fig. 1 A chart illustrating the antenna design process

Table 1. Geometrical dimensions of the proposed antenna (in mm)



The developed rectangular patch antenna infused with rectangular loop structure and the schematic
is given in Fig. 2. The footprint of the antenna is 50 mm % 40 mm and fabricated on a FR-4 substrate.
The design started with the rectangular patch of dimensions of 24 mm x 18 mm fed with coaxial cable
with 50-ohm impedance matching. The antenna provides resonance at 5.2 GHz with linear

polarization. To make this as a dual frequency implementation, a rectangular ring is embed ({@ne
outer patch and the ring is connected to the patch via two PIN diodes. When the ce&

tch is
excited, the antenna provides resonance at 5.2 GHz which is due to the inner rectangula®patch. When
the diodes are ON, the entire radiating patch is considered as a single patch W@\Ibits resonance
at 3.8 GHz.

The outer loop was designed to enhance the antenna’s bandwidth ark?r‘ovide additional resonance

[
modes. Its dimensions were carefully calculated from equati &

to complement the central
patch and optimize the overall frequency response. The loop te¥’a coupling effect with the central
patch, which allows the antenna to operate at multiple.fre@c s or improve radiation characteristics
such as gain and efficiency. N

The feed position was chosen to ensure prope 'rCeGance matching and efficient power transfer
between the transmission line and the anterj%/ placing the feed at an optimal location, it was
possible to minimize reflection and maxdiaize radiation efficiency. The feed position was determined

through simulation and experimen@@.lst ents, ensuring that it achieves the desired resonance and

polarization characteristics. b

In order to select the a geometry, we use the following design equations (1-4).

To determin @tangular patch width, we take into consideration

1)

To determine the length of the rectangular patch,

L =L, —2AL @

Where



bt = e T (3)
CEE

¢ — velocity of light in air
f,- — resonant frequency

— relative dielectric constant (4.4)

The parameter AL is the extension of the length of the rectangular patch due to the fging' cts
that occur at the edges of the patch. These fringing fields make the effective electrical of the
patch slightly longer than its physical length. To account for this, AL is added ends of the
physical length of the patch to obtain the effective length. &
For a breakdown of the formula for AL x
(2, +03) W 0. 264
AL =0.412h (4)

(2, -0 258 +08

Where,

h - Substrate thickness or the height of the diel€etr terlal
w - Width of the rectangular patch %

e.eff - Effective dielectric constant

+1 ¢ -1
(%)
% ﬁz
This equation (5)4 ed experimentally, and ..t - generally lies between the dielectric constant

of the substr that of air.

. (2) Top view of the antenna geometry, (b) Bottom view of the antenna geometry
in the schematic of the dual-mode antenna.
2.1. Working Principle of the Antenna
To excite circular polarization from the radiating patch, the corners are truncated to the inner rectangular
patch. A small slit of 0.2 mm is implemented on diagonal edges with a distance of I mm from the

corner. To excite orthogonal modes on the inner radiating patch, the coaxial feed is offset from the axis



center. The location of the slit decides the current rotation on circular path which contributes the right
hand circular polarization. This is displayed in Figure 3. It is shown that the surface current is orthogonal
on the corner of the radiating element which is highlighted with the arrowheads. The current is
orthogonal between 0 degree and 180 degree and also between 270 degree and 360 degrees. To excite
the second mode of operation, an outer ring is placed to enclose the inner patch. The distance between
the patch and the ring is w4 = 1mm, to avoid mutual coupling. For a circular path of the ele @ld
vector as an equation of space to exist, the electric field must consist of two ortﬁ&b linear
components that are identical in amplitude, and the phase distinction must be 90 [24-25]. A

horizontal plane Ex and a vertical plane Ev have identical amplitudes and a ase quadrature

(£m/2). It can be used to describe either RHCP or LHCP components in ﬂ& ion(6).

1 .
ERHCP_E(EH—'_JEV) 4 (b

,‘,2 0

The horizontal and vertical responses real and i a@}%lements may be represented as (8):
E, =E,Cos(H,)+ in(H;) ®
E, =E,Cos(V, )¥ jV,Sin(V;)
The horizontal and vertical amplit@%@), as well as the phase elements (Hp, V), are obtained
at all directions in the antenna@fie d [26-28].
[From this design consider@ CP criteria is satisfied]
XN

Fig.3. E ﬁeltion of the designed antenna at 5.2 GHz (a) 0° (b) 180° (c) 270°(d) 360°

Dual ban ioning is illustrated in Figure 4 for various switching states in order to better
und ow it works. With the help of the maximum current distribution[29], we determine the
IengWeach slot contributing to each frequency band. According to the Fig. 4, state 1 is
characterized by the highest current density at the center of the rectangular patch. Antennas operate
at 3.5 GHz to cover the working frequency range. As a result of a change in the electrical length of a

current distribution, frequency and polarization reconfiguration occurs in the antenna structure[30].



Single Rectangular Loop (SRL) antenna element is viable for the placement of the PIN diode
(BAR64-02V)[31]. By activating or deactivating the outer rectangular patch, the electrical length of
the proposed microstrip patch antenna can be adjusted. During forward bias, diode series inductance
is L = 0.45 nH, while the resistance is Rs= 1.5 ohm. During reverse bias, the impedance is Ct = 0.25

N4

Fig. 4. RLC (lumped equivalent) model of PIN diodes (a) ON Condition (b) @ndition

pF. The circuit involves RF choke inductor and a DC blocking capacitor.

The RF PIN diode is shown in Figure 4 as a lumped equivalent model [@53]. In the event
that both diodes are ON, the antenna will act as narrow band with 3.8 GH hen both diodes are
OFF, the antennas working frequency changes from 3.8 GHz to Hz due to the effect of

rectangular ring resonators[34]. QK‘
Fig. 5. Circuit diagram f(fr&@asing

Figure 5 shows a schematic representation of biasing circuit[35]. An example of a simulation
of a reflection coefficient plot at various states can be seen in figure 5. 5.2 GHz is achieved by the
band stop filter by turning OFF di ‘%yd D2 at the same time[36]. Since the rectangular ring
resonators act as a band stop famtenna operates at 3.8 GHz when diode D1 and D2 is ON.

3. RESULTS AND DI%S ION

As part of the fa n and testing process, the antenna is tested for its merits such as reflection
coefficient a @ion characteristics. Field Fox network analyzer MS2027C VNA Master is used
for refle@ coefficient measurements[37-39]. A schematic of the antenna fabrication and
meawnt setup can be seen in Figure 6. Fabrication and testing of the suggested antenna are
conducted in anechoic chambers[40]. This antenna is tested in the frequency range upto 6 GHz with

an impedance of 50 Q using the Amkom horn antenna as a reference antenna.

Fig.6. (2) VNA setup for antenna characterization, (b) Anechoic chamber setup, (c) Front

view of the fabricated DRL antenna, (d) Back view of the fabricated DRL antenna.



In mode 1, the center patch is excited, and the diodes are OFF which gives resonance centered at 5.23
GHz with a bandwidth ranging from 5 GHz to 5.43 GHz. A comparison is made between the
simulation and measurement results in Table 2. In the other mode, PIN diodes are placed between
the patch and the rectangular ring. This increased the overall electrical dimension of the antenna. This
gives resonance at 3.8 GHz with the bandwidth of 110 MHz at S band which is shown in Fig. 7. It
gives additional ripples in the reflection characteristics due to the diode action, but this doe ct
the resonance and the antenna bandwidth[41-42]. ¢ é

The evaluation steps of the proposed antenna and the reflection coefficient are-depicted in
Fig. 7(a). The proposed antenna is implemented with four steps. In stepl, tangular patch
antenna was designed for 5.2 GHz with coaxial feed which creates wide anee and below -10 dB
is observed. In step2, a slit is introduced on right side top corner of the«gectarigular patch which leads
to poor impedance matching. Another slit is introduced on left i‘ %m corner of the rectangular
patch, resonant frequency of 5.2 GHz is observed with less dB axial ratio in step 3[43-44].

Finally, in step 4, outer rectangular loop is introducgd ndpatch, a best impedance matching is

o

Fig . 7. S-Parameter (S haracteristics of the Proposed Antenna

attained.

(a) Variat ith respect to evolutionary Steps
(b) Vaptations with respect to Mode 1 and Mode 2

The proposed anten N@in the range of 5 GHz and 5.43 GHz. The absolute bandwidth is
approximately 4 , Peak return loss is -21 dB. Furthermore, this device provides linear
polarization &he frequency range of 3.75 GHz to 3.86 GHz. The antenna exhibits 110 MHz of
bandwidt r@ GHz (S band) and peak return loss is -20 dB. The VSWR value falls within the

ran%lo 2 for the frequency range of 3 to 6 GHz.

3.1 Antenna Performance
Axial ratio bandwidth is playing an important role in circularly polarized antennas. The suggested

antenna is developed to exhibit circular polarization in mode 1 where the inner patch alone get excited



with orthogonal modes [45]. To obtain CP, small slit of 0.2 mm is etched on the diagonal corners for

the desirable operation of the antenna.

Fig. 8. Axial Ratio for Various Slot Widths (S1 = 0.1 mm, 0.2 mm, and 0.3 mm)
The position of the slit determines the axial ratio bandwidth centered at 5 GHz which is experimented
with different locations and different length. The frequency ranges from (4.92-5.23) abne
absolute bandwidth of 310 MHz is attained. The effect of various slot widths in axial'r&i' shown
in Fig. 8. It is referred from figure that the axial ratio is less than 3 dB for the slit mm. Fig. 9
shows the gain of the antenna in two radiating modes with the gain of ig@l and 5.96 dBi

respectively. ’x

Fig.9. Gain and Efficiency Parametric Analys@%ured vs. Simulated)

[ 4
The simulation and testing outcomes of the are presented in Table 2. As a result, the
measured and simulated outcomes are in ag Iow-quality factor value for the diodes and
losses in the biasing circuit cause the differencesetween the simulation and measurement results.

Table 2. Parametric Ms Antenna under Various Operating Conditions of

Diode
Figure 10 ill the simulated and measured antenna radiation characteristics in both
modes. The E p ws the main beam is oriented along 0° for 5.2 GHz and 3.8 GHz which is
evident fro e As expected, cross-polarization scores are significantly lower than co-
polarizati s all angles. This results in a directional radiation pattern that meets the required

initWia.

Fig. 10. 2D Radiation Pattern for Observing the parametric Characteristics of the
Antenna (a) 5.2 GHz (b) 3.8 GHz
In Table 3, the proposed work is compared with the existing work in terms of performance. We have

considered similar frequency ranges for effective comparison. From the table, proposed antenna



10

exhibits two polarizations with high gain and impedance bandwidth compared with the work listed
in the table.3.

Table 3. Comparative Analysis of the Proposed Antenna with a Relevant Antenna in

N4

4. CONCLUSION /\

This paper presented the design of dual frequency dual polarized antenna L@gle rectangular
loop for S band and WLAN communications. Single rectangular Ioop’% lement is proposed

with full ground plane with coaxial feed. Small slits are imposed on‘ﬁce ter rectangular patch to

Observing Parametric Characteristics

induce the orthogonal modes which gives circular polarizati ‘N. GHz. The re-configurable
mechanism is controlled by a pair of PIN diodes which conneetth&inner patch and outer loop. In the
ON state, the antenna exhibits right hand circular polari@ HCP) as a narrow band antenna. It
is capable of operating at frequencies between 5 and 5.43 GHz. Furthermore, this device
provides linear polarization (LP) in the freque ge of 3.75 GHz to 3.86 GHz. The antenna
exhibits 110 MHz of bandwidth in 3.8 GHz (SQand) and provides 430 MHz bandwidth in 5.2 GHz

WLAN operating frequencies. The pro antenna provides an average gain of 7 dBi. The antenna

gives a reasonable AR bandwidth Hz. The rectangular loop embedded to the envelope of
the rectangular patch excited @ves resonance at 3.8 GHz. The antenna provides reasonable gain
of 8.56 dBi and 5.96 dBi

performance is negligibl&in this work.
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[7] 0.40 x 0.51 1.97-2.72 3 8 315 29.8
[11] 1.21x1.21 5.2 2 5.9 22 61
[18] 1.96 x 1.07 2.3-3 2 7.2 26.4 37
[20] 0.87 x 0.87 5.1-5.2 3 7.5-4 24-35 64
[21] 0.80 x 0.80 2.4-5.8 2 6.4-7 09-30 36-43
This

0.63 x 0.50 5.23, 3.86 2 8.56, 5.96 31.10e 8.39
Work




