Bulletin of Electrical Engineering and Informatics
Vol. 11, No. 1, February 2022, pp. 248~255
ISSN: 2302-9285, DOI: 10.11591/eei.v11i1.3234 a 248

Design and analysis of frequency reconfigurable antenna for
global positioning system applications

Najim Abdallah Jazea?, Ali Khalid Jassim?, Alaa Kareem Hassan?
!Department of Computer Techniques Engineering, Alhikma University College, Baghdad, Iraq
2Department of Electrical engineering, College of Engineering, Mustansiriyah University, Baghdad, Iraq

Article Info

ABSTRACT

Article history:

Received Oct 7, 2021
Revised Dec 10, 2021
Accepted Jan 6, 2022

Keywords:

Global positioning system

PIN diode

Reconfigurable antenna
Worldwide interoperability for
microwave access

Wireless local area network

A compact frequency reconfigurable antenna is designed and analyzed in
this paper to operate with global positioning system (GPS) and worldwide
interoperability for microwave access (WiMAX) applications. The designed
antenna is printed on flame resistant 4 (FR4) epoxy substrate with relative
permittivity is 4.3, loss tangent of 0.03 and overall substrate with ground
(GND) plane dimensions of (54.6x54.6x1.6) mm?® and patch dimensions of
(45x45) mm?. The antenna is designed and optimized using computer
simulation technology (CST) package through series of parametric studies in
order to cover the GPS, WiMAX bands with resonant frequency of 1.229
GHz, 1.575 GHz, and 3.34 GHz. Two triangular slots at the patch sides and
single elliptical slot at the middle are etched for the best antenna
performance. The designed antenna performs frequency re-configurability
by using PIN diode switch at the inset feed to change the operating
frequencies from double band operation at (1.575 and 3.34) GHz to single
band at 1.229 GHz under S11 <-10 dB. The proposed antenna produces

accepted simulation results with voltage standing wave ratio (VSWR),
maximum radiation efficiency and gain of less than 2.76% and 7.035 dBi
respectively.
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1. INTRODUCTION

The global positioning system (GPS) system requires only a receiver for the wireless signal received
from a satellite (one-way transmission from satellites to users) in order to determine the location (latitude,
longitude, altitude, and time) depends on 24 satellite constellations that every six satellites in each orbit that
circle the earth in near-circular inclined orbits. The GPS system is used for commercial navigation and land
systems. The GPS operates on the L-band microwave frequencies from 1-2 GHz [1]. The GPS receiver operates
at two frequencies (L1=1.575 GHz and L2=1.227 GHz). In the GPS receiver, the receiving antenna requires
high performance of radiation pattern matching and impedance, high regression ratio for cross polarization and
right circular polarization because the received signals are very weak. Two points must be taken into account in
order to design an antenna that meets these requirements or specifications, the first is to use a multi-channel
GPS receiver, while the other point is that the designed antenna must meet all the above specifications in order
to allow independent sectoral coverage of the required hemispherical radiation pattern so that it reduces antenna
requirements at the expense of a more complex circuit and a larger number of antennas [2].

In the past two decades, due to its compressibility, among other advantages, the microstrip patch
antenna has been widely used in synthetic aperture radar applications and personal communications systems.

Journal homepage: http://beei.org


https://creativecommons.org/licenses/by-sa/4.0/
mailto:2najim.abdulah@hiuc.edu.iq

Bulletin of Electr Eng & Inf ISSN: 2302-9285 a 249

Extensive research has been carried out to develop new technologies to overcome the disadvantages of
microstrip antennas, the narrowest of which is the microstrip. Optimizing return loss and bandwidth without
affecting the manufacturing process and increasing antenna size is important for its application to modern
mobile communication systems. The microstrip antenna has many preferred characteristics such as light
weight, low profile and low cost of integrating with wireless communication system, GPS, mobile applications
wireless local area network (WLAN), worldwide interoperability for microwave access (WiMAX), and long
term evolution (LTE), radar systems and satellite communication systems [3]. The reconfigurable antennas
recently have been received great attention in wireless communication systems by researchers due to their
capabilities for maintaining various functionalities of multiple frequencies, multiple patterns, and multiple
polarizations re-configurability. In addition the reconfigurable antennas are used to reduce the number of
antennas through utilizing single reconfigurable antenna instead of multiple multi-band antenna with better
characteristics [4], [5]- In another hand, the reconfigurable antenna has the ability to reduce the filter
requirement at the front-end system by providing the interference signals rejection for the unused bands [6].

There are a lot of reconfigurable antennas proposed to operate with different wireless
communication systems such as in [4], a circular disc-shaped reconfigurable antenna with beam steering the
radiation pattern for GPS applications using three PIN diode. For mobile applications, a foldable
reconfigurable indoor loop antenna is designed which can operate in the heptad range, including GPS, global
system for mobile (GSM850), GSM900, PCS, digital cellular system (DCS), WLAN, and universal mobile
telecommunications system (UMTS) with return loss less than 6 dBm [7]. At 1.57 GHz and 2.33 GHz or
satellite digital audio radio (SDAR), a reconfigurable monopole antenna with switchable frequency and
circular polarization is designed for GPS applications [8]. For frequencies from 1.9 GHz to 2.4 GHz for S11
wireless applications below -6 dB using a PIN diode a small reconfigurable ribbon patch antenna was
introduced as Yagi Uda [6]. A reconfigurable multi-band inverted antenna (PIFA) operating in wireless
fidelity (WiFi), GPS, GSM, third generation (3G), 4 UMTS, and LTE applications using PIN diodes has been
proposed [9]. It has been suggested for hexaband mobile wireless and X-bands applications such as WLAN
at 5.5 GHz, WiFi at 2.402 GHz, GPS at 1.56 GHz, X-bands at 10.7 GHz, and WIMAX at 3.48 GHz, 7.3 GHz
[10]. The frequency for tablet computers and reconfigurable multi user, multiple input, multiple output
(MIMO) wireless terminals is presented eg wireless wide area network (WWAN)/LTE/global navigation
satellite system (GLONASS)/GPS/GSM using PIN diodes. The proposed antenna covers the
GLONASS/GSM850/900/GPS and LTE2300/2500/3400 in the off state while supporting DCS/PCS/UMTS
frequency bands in the PIN diode ON state [11].

In this paper, a frequency reconfigurable microstrip antenna is proposed and designed to cover the
GPS and WLAN or WiMAX frequencies through using PIN diode for frequency tuning. The contributions
behind this research are summarized as shown intion: design and analysis a new compact frequency
reconfigurable antenna structure for GPS applications with overall dimensions of substrate and GND plane
dimensions of (54.6x54.6x1.6) mm?® and patch dimensions of (45x45) mm?. The antenna operates with three
resonant frequencies using single PIN diode at the inset feed with (1.575 and 3.34) GHz and 1.229 GHz for
both ON and OFF states of the PIN diode under S11< -10 dB with maximum gain of 7.7 dBi.

2. THE ANTENNA DESIGN CONSIDERATION

The proposed frequency reconfigurable antenna is designed using CST using “(1)” to “(5)” [13],
[14] with front and back sides shown in Figure 1(a). Designed antenna using square FR4 substrate with loss
tangent of 0.002, 1.6 mm thickness and overall dimensions of substrate and GND plane dimensions of
(58.1x58.1x1.6) mm3, patch dimensions of (48.5x48.5) mm?, and 50 Q micro strip line feed.
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Where, W is the patch width, & the dielectric constant V, is velocity of light, et is the effective dielectric
constant, fr is the resonant frequency, AL is the length, h is the substrate height, L is the actual patch length,
Lest is the effect patch.
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After that an inset feed length is designed using “(6)” [17] with length of (Lgap=18.23 mm and
Wgap=1 mm) is produced for impedance matching enhancement as presented in Figure 1(b).

R(y = o) = R(y = 0) cos* (=) (6)

Where, R;(y = y,)~500: is desired input impedance, R;(y = 0)~530 Q: is the resistance of the patch
antenna, y,: is the inset length which is equal to Lgap, L: is the patch length.

e — | .
(@) (b)

Figure 1. The proposed microstrip antenna structure (a) without inset feed and (b) with inset feed

An elliptical slot at the patch center is produced to obtain the double band with S11< -10 dB at 1.5
GHz and 3.25 GHz as shown in Figure 2(a) and cancelling the 4.5 GHz. The elliptical slot is designed with
optimum radii of (Ru=6 mm and Rv=3.5 mm) through using parametric study as presented in Figure 2(b) and
Figure 2(c). After that the patch dimensions (L and W) are optimized through several parametric studies in
order to maintain the GPS band so that the optimum patch dimensions are (45x45 mm?) as shown in Figure 3.
In Table 1, the overall optimum dimensions of the antenna are summarized.

The electrical technique for achieving frequency configurability is used, through using RF PIN
diode as electronic switch for frequency tuning. The proposed antenna with PIN diode model is shown in

Figure 4, which produces the on-state and off-state [13], [14].
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Figure 2. The parametric study of using elliptical slots with; (a) the proposed antenna with elliptical slot,
(b) Ru=6 mm, and (c) Rv=3.5 mm
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Table 1. Optimum dimension’s parameters
Parameter  Value (mm)  Parameter  Value (mm)
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Figure 3. The parametric study of patch dimensions with (a) width dimensions W=45 mm and (b) length
dimensions L=45 mm
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Figure 4. Designed antenna with, (a) PIN diode modelling, (b) on-state, and (c) off-state

3. RESULTS AND DISCUSSION

The simulation results are obtained using CST package after making the parametric study and
getting the optimum dimensions as shown in Table 1. Figure 5(a) shows the input reflection coefficient in
relation with frequency, the antenna produces three resonant frequencies for the PIN diode. There are double
band at the off-state of 1.57 and 3.34 GHz, while only single band at the on-state of 1.229 GHz under
S11 <-10 dB, they are used for GPS (L1 and L2) and WiMAX applications. The proposed antenna operates
VSWR, maximum radiation efficiency and maximum gain of less than 2.76% and 7.035 dBi respectively.
Figure 5(b) presents the relation between gain and frequency. The surface current distribution and radiation
pattern at 1.575 GHz can be shown in Figures 6(a) and 6(b) respectively.
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Figure 5. Designed antenna with (a) S11 input reflection coffecient and (b) simulated gain

The proposed antenna simulation results are compared with other references as presented in table.
The simulation results are discussed is being as: As shown in Figure 5(a) the S11 under -20 dB at all resonant
frequencies, this means accepted impedance matching. The proposed antenna operates with maximum
radiation efficiency of 76%, its accepted performance for wireless radiation. As presented in Figure 5(b) the
antenna produces simulation gain from (3.5-7.035) dBi which is accepted for GPS applications. In Figure 6
suggested antenna operates with approximately omnidirectional radiation pattern such that it's important for
GPS applications. As presented in Figure 7 the proposed antenna shows it's surface current distribution for
both PIN diode cases such that the on-state case at Figure 7(b) present different current distribution when the
PIN diode is ON and as a result the resonant frequency is changed. Table 2. The comparison of the proposed

antenna with other references

(b)

Figure 6. 2D and 3D radiation pattern at (a) E-plane at F,=1.229 GHz and (b) H-plane at F,=1.229 GHz
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Figure 6. 2D and 3D radiation pattern at (c) E-plane at F,=1.575 GHz and F=3.335 GHz and (d) H-plane at
F=1.575 GHz and F=3.335 GHz (continue)
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Figure 7. The antenna surface current distribution at, (a) F=1.229 GHz, (b) F=1.575 GHz, and (c) F=3.335
GHz
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Table 2. The comparison of the proposed antenna with other references

Antenna dimensions

No. and type

Resonant frequencies

Peak gain

References (mm?) of switches (GHz) (dB) Applications
GND Patch
[4] 63x63 R=30 3-PIN 1.52,1.576 1.456 GPS
[7] 100x60 60x5 2-PIN 0.770-0.885, 1.520— 15 GSM850, GSM900,
1.660, 2.260-2.560, GPS, DCS, PCS, UMTS,
0.875-1.010 1.705 2.410 and WLAN
[8] 75x45 40x60 2-PIN 1.57,2.33 24 GPS, SDAR
[9] 60x25 25x15 2-PIN 0.850, 1.57, 1.9, 2.4, 3.8, 4 GPS, 3G, Wi-Fi, GSM and
55 4G (UMTS and LTE)
[10] 56x44 48x18 2-PIN 5.5,1.56,2.4,3.48,7.3, 4.696 WLAN, GPS,
10.7 WIFI, WIMAX, xbands
[11] 150x200  61.5x40.5 1-PIN 09,18,19,23,25 - GSM850/900,
3.4, 3.55, GPS/GLONASS,
LTE2300/2500/3400,
DCS/PCS/UMTS
Proposed antenna  54.6x54.6 45x45 1-PIN 1.29,1.575,3.34 7.035 GPS, WiMAX

4. CONCLUSION

In this paper, new structure of frequency reconfigurable antenna to GPS and WiMAX applications.
The proposed antenna covers the two bands at frequencies (L1=1.227 GHz and L2=1.575 GHz) of the GPS
receiver in addition to the 3.5 GHz WiMAX through the two PIN diode states. The proposed design presents
accepted performance for wireless applications such as S11, VSWR, gain, and radiation efficiency. The
antenna operates with three resonant frequencies using only single PIN diode for frequency tuning. The
experimental results show that the designed antenna can be easily fabricated and tested to maintain the
measurement and then compared with the simulated one.
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