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Abstract: - A rectangular frequency and polarization reconfigurable microstrip patch antenna with dimensions
9.12x6.49mm has been designed which is suitable for X band applications. The final design has been presented
in three gradual steps by cutting slots on the four corners of the patch and the ground. A dielectric material “FR4
epoxy” with dielectric constant of 4.4 is used as a substrate for the proposed antenna. The designed antenna
parameters are calculated at 10ghz frequency with offset microstrip line feed mechanism. In this paper, the current
on radiating patch is redistributed by using PIN diodes. By changing the state of the diodes, both frequency and
polarization reconfiguration is achieved.
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Reconfigurable Frequency, Reconfigurable Polarization.

I. INTRODUCTION

A few decades back, wired technology prevailed, and it was hard to imagine communication between two devices
(Usually electrical or electromechanical equipment) without any physical contact between them. With the
emergence of electronic devices and the advancements of wireless technologies, communication devices became
more efficient, sophisticated, and compact. Also, user got more freedom as the communication devices (User
Equipment) became portable i.e., Mobile. This revolution was brought about with the everlasting contribution of
Antennas. Antennas made sharing of information between two electronic devises possible without any physical
contacts being required for transmission of electromagnetic signals, rather the atmosphere became the medium.

Multidimensional and wide range of applications and features attracted a huge audience and as a result
number of wireless devices have increased exponentially. Multi-Function antennas have been in demand ever
since the wireless technologies started to boom. Compact size and economic nature of microstrip antennas made
them easily integrated, portable and easily available for communication devices. However, these are categorized
under narrow band antennas and their working range is usually limited to a single band. Thus, in order to build a
multi-band system, a collection or an array of such single-band antennas with proper configuration is required.
Integration of parasitic elements and/or addition of slots in patches or ground plane can be an approach to solve
the problem but with a cost of compromised polarization purity, reduced bandwidth, and increased dimensions.
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Rectangular Patch

L: Resonant Dimension

W: Width

Fig 1. A typical microstrip antenna

A relatively new class of antennas, called reconfigurable antennas have gained much popularity in no time, the
ability to adjust their operating frequency, radiation pattern and polarization dynamically by altering the radiated
field of effective aperture has been the reason of this popularity [1]. These antennas salvage their dimensions at
different operating bands. These are designed such that different parts of the body resonates at different desired
calculated frequencies.

In the past few decades, this category of antennas is gaining popularity due to their ability to reconfigure
certain characteristics dynamically as mentioned above. In this paper microstrip patch antenna is used as a
platform to design reconfigurable antenna. A typical microstrip patch antenna has been shown in Fig. 1. The
necessity of improved bandwidth gain performance can be accomplished with the accommodation of
reconfigurable antenna. Solid state switches like pin diode [2], varactor diode and Radio Frequency
Microelectromechanical System [3] are used to produce reconfigurable performance parameters of the antenna.

II. LITERATURE REVIEW

The versatile nature and wide range of applications of reconfigurable microstrip antennas has resulted in an
exponential increase in their demand. With the advancement of electronic device fabrication processes, many
scientists, researchers, and scholars have shown interest in exploring the possibilities and enhancing the
capabilities of microstrip antennas in order to meet the demands of next generation communication devices. In
this section some recent contributions are discussed in brief which have also being a motivation for the proposed
design.

A recent literature proposed a reconfigurable circular microstrip patch antenna which finds application
in the S, C and X bands. The proposed design has the ability to operate on 23 different frequencies starting from
3.24 GHz to 9.3 GHz. The proposed antenna can also exhibit polarization reconfiguration between one of four
polarizations: RHCP, LHCP, Linear Polarization and Elliptical Polarization at different frequencies and different
modes. In addition to the mentioned capabilities, it also shows pattern diversity. The simulation results were
compared with those of reference antennas and were found fit for various applications for example, LTE, WIFI
etc. and in upcoming 5G enabled communication devices [4].

Another similar literature proposed a reconfigurable patch antenna having LHCP, RHCP and Linear
Polarization states. The ground plane consists of loop slots having two perturbation elements used for exiting
circular polarization waves. Each slot consists of a PIN diode in order to change the direction of current flow
which in turn decides the polarization state at any instant. Antenna performance is not affected by the slots and
PIN diodes, the reason being that they are not on the patch. The effectiveness of the anticipated design was verified
with the results simulated and the measured values calculated. The proposed reconfigurable patch antenna has
good performance, compact dimension and dynamic reconfigurable polarization which can find application in 2.4
GHz wireless communication systems [5].
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A recent publication proposed a single-fed antenna with ring-slot having the ability to reconfigure the
polarization at predefined frequencies [6]-[8]. The switching of polarization is being done by toggling the two
inherent states of a PIN diode namely ON state and the OFF state on the ring-slot. The proposed design consisted
of a probe-fed slotted circular patch, ground plane and PIN diode switches. The feasibility of the proposed deign
was demonstrated using a prototype operating at 2.4GHz band [9]. Another publication proposed a novel
reconfigurable microstrip antenna having the ability to change its polarization. The design has a simple structure
consisting of a corner-truncated square patch, a microstrip line feed and slight triangular conductors four in
number. Patch has individual and independent biased PIN diodes which enables the structure to yield linear or
left-sense/right-sense polarization in accordance with the bias voltages. Results show low cross-polarization levels
while operating for the linear state and decent axial ratios for the circular state [10]. Another publication explores
the possibility of expanding the bandwidth by using the concept of planar monopole patch [11].

A lot of research and development has been taking place on frequency reconfigurable antennas as well,
one such work was presented in a recent publication. The publication proposed a design of an X-band frequency
reconfigurable patch antenna. The working of the proposed design was demonstrated using PIN diodes. In order
to comprehend the PIN diode effect, square slot was introduced. While realization of frequency tuning was done
by changing the effective electrical length, which in turn was controlled by switching between distinct inherent
states of PIN diodes by the application of proper bias voltages along the slot of antenna. In forward bias of the
PIN diode, the current passed through outer ring giving a +60 MHz tuning of frequency corresponding to an
applied bias of 3 Volts [12].

Another recent literature proposed a pentagon shaped microstrip antenna having an operating frequency
of 7.5GHz, a demonstrated -43.48dB return loss, 3.49dBi gain and 6.8627dBi directivity, for a single band
operation. In order to further increase the gain and directivity of the proposed antenna a 1x2 and 1x4 array has
been designed. Using varactor diodes, the conventional patch antennas have been frequently reconfigured to
operate in dual bands. Such kinds of antennas can be used for defence and related applications. This can also find
application in communication in X band (8 GHz to 12 GHz) for example the satellite communication and for
RADAR applications [13].

A hexagonal reconfigurable patch fed by CPW, simulated on RT Duroid5880 was proposed in one of the
reviewed literatures which finds application in WLAN, C and WiMAX bands. The radiation efficiency of the
proposed antenna was found to be in the range of 78 to 94% with a gain of 3.4 to 6.32dBi. The dimensions of the
proposed antenna are very compact with a radiation pattern in E-plane resembling that of a decent dipole with less
co polarization. Excluding the interfering bands for WLAN, C and WiMAX the fractional bandwidth of the
proposed design was about 153.62%. in addition, on the complete operating band, a group delay of less than or
equal to unity has been maintained, it must be noted that antennas with such attributes like high bit rate and short-
range communication exclusively find application and are demanded in military and radar systems [14]-[18].

Describing a novel frequency reconfigurable circularly polarized microstrip patch antenna, another
publication has put forward an antenna design which consists of varactor diodes (four in numbers), lumped
capacitors (two in numbers) and a square radiating patch. The square patch can be exited in dual-orthogonal
resonant modes simultaneously with a coaxial probe [19]-[23]. Generating and tuning a circular polarization
operating frequency is done by decreasing the resonant frequencies of the two modes which in turn is done by
increasing the equivalent capacitance values of the four varactor diodes meanwhile the two lumped capacitors
come in action to produce a difference between the two resonant frequencies [24], [25]. In the proposed design,
single DC voltage is needed to change circular polarization operating frequency. The circular polarization
frequency was found to be reconfigurable between 1.97 GHz and 2.53 GHz as a result of experimentation, also
the results show appreciable circular polarization performances at each reconfigurable frequency [26], [27].

Stair slots on the ground were experimented with and proposed by a recent publication for a polarization
reconfigurable rectangular patch antenna. Along with the slots two PIN diodes are used in order to switch the
polarization of antenna between Linear Polarization, LHCP and RHCP [28].

III. DESIGN AND SIMULATION
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In this literature we propose three different designs of a frequency and polarization reconfigurable microstrip
patch antenna for X-band application. The proposed design has been simulated on ‘ANSYS HFSS’ software. The
radiation takes place due to fringing fields along the edges of length of patch. The proposed antenna utilizes the
offset microstrip line feeding mechanism in which the radio frequency power is directly fed to the patch. This
literature focuses on comparing, plotting, and analysing the results of three designs of the microstrip patch antenna.

A. Antenna Design: We propose three different antenna designs which are simulated using HFSS, a popular
antenna simulation software for research and development. The three proposed antenna designs can be
derived from a base design. The designs have been explained below in detail.

1) Antenna Design 1: The first antenna design acts as a base design for rest of the three antenna designs.

2)

an offset microstrip line feed mechanism has been used as contacting method. The feed parameters
corresponding to the design are as follows; feed width = 0.68mm, feed length = (Ag/4) mm, where Ag is
guided wavelength. The simulated antenna comprises of a metal patch of dimension 6.48mmx9.12mm,
usually made of copper and is united with a feed line and a 50Q impedance transmission line. This
arrangement is then stacked on a substrate having a thickness of 1.5mm. This is usually done in the
laboratory using a highly controlled chemical process called ‘photo etching’. At the other side of the
substrate there is a thin plane with negligible thickness acting as the ground plane. A prototype of the
antenna design is shown in Fig. 2.

[
0 10 20 (mm)

Fig 2. Simulation prototype top view of first antenna design

Antenna Design 2: In order to derive the second proposed antenna design, the four corners of the patch
are cut into four separate square segments. The four corners’ segments hence formed are separated from
the patch by a narrow slot. Four diodes namely, D1,D2,D3 and D4 are integrated between the patch and
the corner segments. The placement of the diodes has been done in a way that their directions are
alternate. The simulation prototype of antenna design two is shown in Fig. 3. The PIN diodes assume
resistive properties in forward and capacitive properties in reverse biased conditions as shown in Fig4.
The value of forward resistance in the proposed model is taken as 1 ohm and the reverse capacitance is
taken as 0.03 pf.

C
0 10 20 (mm)

Fig 3. Simulation prototype top view of second antenna design
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Fig 4. Forward and reverse bias behavior of a PIN Diode

3) Antenna Design 3: The final design i.e., the third design, has been derived by modification of the second
design. In order to derive this design, we introduce slots in the ground plane. The position of slots in the
ground plane is chosen in such a way that the edges of slots in the patch overlap with the edges of slots
in the ground plane. Simulation prototype of antenna design three is shown in Fig. 5. After successful
simulation of the proposed designs, the final antenna design was fabricated. The top, bottom and side
view of the fabricated antenna has been shown in Fig. 6, Fig.7 and Fig8 respectively.

| —

0 10 20 (mm)
Fig 5. Simulation prototype top view of third antenna design

() (b)

Fig 6. (a) Top view of fabricated antenna (b) bottom view of fabricated antenna
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Fig 7. Side view of final fabricated antenna

B. Design Parameters: The design parameters and equations referred during the design process of the proposed
antennas are given below.
Wavelength of resonant frequency:

c 1)
1=— (
f
Where c is the speed of light and f'is the Resonant Frequency.
1) Calculation for Patch:
e @
YEoF e+
Where,
€,= Dielectric Constant of the Substrate
w = width of the patch
L = Length of the patch
AL = Normalixed Extension in length
Less = Ef fective Length
[ @
[(Zf) (ereff)]
Where, €,.¢rr= Ef fective Dielectric Constant
when % < 1, we use
1
€+1 €-1 hy\ "2 WA 2 ®)

€repy= 5+~ (1 + 125) +0.04(1-7)

The normalized extension in length is given by:
(€refr+ 0.3)(F + 0.264) (6)

w
(€rers— 0.258)(3 + 0.8)

AL = 0.412h

2) Calculation for Feed:
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L¢(Length of feed) = A,/4
N 300 U]

g _— —
thZ\/ Ereff

3) Transmission Line:

7.48 X h ®)

Wy = —(Z '—Er+1-41) —1.25x%xt
e

87

Where,
wy= width of transmission line
t = trace thickness

4) Substrate: The ground plane dimensions can be given as in the Equation(9), (10) and (11):

Ly =L+ 6h' 9)
W, =w+ 6h' (10)
, _ 0.06064 (17)
Ve
5) Radiation Box: Radiation Box dimensions are as given by the Equation (12), (13) and (14):
Ay Ag (12)
LTb = AE + AE + Lg
13
Wy, = ?" + ?" + W, (13)

Ay (14)
6

IV. RESULTS AND DISCUSSION
The three proposed designs have been simulated using ANSYS HFSS software. This section describes the
simulation results of the three proposed designs.

A) Antenna Design 1: Fig 8(a) shows the S Parameter Plot of the first design. The frequency at -10dB ranges
from 9.11GHz to 9.67GHz giving a bandwidth of 0.56GHz while the values of resonating frequency and
return loss are 9.38GHz and -25.5038dB respectively. Fig 8(b) shows that for all values of phi the
maximum gain is 4.0961dBat theta equals to 8 degrees.

S Parameter Plot 1 Wssongr! A
0.00
5001 [ Cuvelnfo |
N \ LT
8 ty Setup? : sweep|
e A~10.00~
@As‘oo-
%20-00 Name X | Y
ml 9.3833 -255038
-25.00 !
5
-30.00 ' ; i i !
8.00 9.00 10.00 11.00 12.00

Freq [GHz]

Fig 8 (a). Side view of final fabricated antenna
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Fig 8 (b). Side view of final fabricated antenna

B) Antenna Design 2: The simulation results for antenna design two are shown in Fig. 9(a), 9(b) and 9(c).
Bandwidth of the proposed antenna design can be calculated for the frequency range 9.22GHz to
9.78GHz, as seen in Fig. 9(a). Bandwidth is found to be 0.56GHz while the values of the resonating
frequency and return loss are 9.4927GHz and -24.1196dB respectively. Fig. 9(b) gives the gain plot for
antenna design two, it shows that for all values of phi the maximum gain is 3.8463dB at theta equals to

0 degrees. Fig. 9(c) gives the Axial Ratio Plot for the antenna design under consideration. Fig. 9(d) gives

the axial ratio vs frequency plot for the antenna design.
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Fig 9 (d). Axial ratio vs frequency plot

C) Antenna Design 3: Simulation results for the third antenna design are shown in Fig. 10(a), 10(b) and
10(c). Bandwidth of the proposed antenna design there is 0.47GHz using the S parameter plot given in
Fig. 10(a) for the frequency range 9.68GHz to 10.15 GHz. The values of the resonating frequency and
return loss are 9.9066GHz and -47.0513dB respectively. Fig. 10(b) shows the gain plot for antenna design
two, it’s clear that for all values of phi the maximum gain is 2.5739dB at theta equals to 0 degrees. Fig.
10(c) gives the Axial Ratio Plot for the antenna design under consideration.
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Fig 10 (a). Side view of final fabricated antenna
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Fig 10 (c). Side view of final fabricated antenna

V. CONCLUSION

Three frequency and polarization reconfigurable rectangular patch antennas have been designed and analyzed.
The first antenna is a simple rectangular microstrip patch antenna having a bandwidth of 0.56GHz, resonating
frequency of 9.38GHz, return loss 0f-25.5038dB and a maximum gain of 4.0961dB. The second proposed antenna
design has been derived from the basic structure of the first antenna by cutting four L-shaped slots at the four
corners of the patch. On simulation it is found that for almost same bandwidth as of the first design the resonating
frequency becomes 9.4927GHz, return loss becomes -24.1196dB, while the maximum gain drops to 3.8463dB.
The final design i.e., the third design has been derived from the modification of second antenna design by cutting
four L-shaped slots at the four corners of the ground. The slots have been cut in a way that they overlap with the
slots of the patch. The simulation of this design having a bandwidth of 0.47GHz has a resonant frequency of
9.9066GHz, a return loss of -47.0513dB and the maximum gain reduces further to 2.5739dB. The proposed design
is suitable for X band (8-12 GHz) applications like fixed and mobile satellite communication, RADAR
engineering and X sub-bands applications for example in civil, military, and government institutions for weather
monitoring, air traffic control, maritime vessel traffic control, defence tracking, and vehicle speed detection for
law enforcement.
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