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Abstract

A triple-frequency operated concentric annular ring microstrip antenna which is single fed is
presented. The proposed antenna with three concentric annular rings and two symmetrical
notches on its outer ring and having a cross slot in its ground surface shows triple band at
resonance frequency 1.22760, 1.57542, and 2.18 GHz, respectively. At the first two bands
(GPS L2 and GPS L1), circular polarization characteristic is observed and the third band
observes linear polarization finding its application in Universal Mobile Telecommunication
System (UMTS). The complete dimension of the antenna designed and fabricated is only
51.6 x 51.6 x 1.6 mm”. Experimental results depict the proposed antenna gain of 3.31, 3.55,
and 3.50 dBi in three bands, respectively, and closely matches with the theoretical results.

Introduction

In the present scenario, circularly polarized (CP) antennas have widely gained attention find-
ing their application in various wireless systems such as Satellite Communication, Global
Positioning System (GPS), etc. Compactness followed by multiband operation of CP antenna
has been an inspiration for various researchers in wireless communication systems. Various
antennas such as slot antenna [1-5], fractal antenna [6-8], monopole antenna [9, 10] have
been extensively designed to obtain multiband. The use of annular ring antennas [11-13]
has also become a very promising applicant for multiband applications because of their simple
structure and design flexibility in obtaining miniaturization. For generation of CP waves, many
techniques were adopted by researchers which included the perturbation method [14, 15], slots
[16, 17], slits [18], metamaterial [19-21], stacking [22,23], etc. Using the above techniques,
many designs have been reported by various researchers to obtain triple-band [24, 25] and
dual-band [26, 27] CP antennas. In [28] by using quadrature feeding, an F antenna was
designed and was able to generate right-hand circularly polarized (RHCP) waves in all the
three GPS bands L1, L2, and L5 but led to poor gain in the L1 band due to the air gap in
the stacking of two substrates. In [29] dual-band circular patch antenna with two concentric
annular rings with slot-loaded ground plane was designed to achieve dual-band CP but it suf-
fered from poor front-to-back ratio due to diffraction from the slots in the ground plane. In
[30] a dual-band CP antenna is discussed for GPS L5 and SDARS bands. In [31] a dual-band
CP antenna having concentric annular rings and fed by four apertures was designed to obtain
RHCP waves in the two bands. The above design lacked simplicity as phase shifters and
Wilkinson power combiners were implemented to produce the required circular polarization.
In [32] a cavity-backed annular slot antenna was designed with a dimension of 80 x 80 mm?
dual-band L1 and L2, and CP is achieved with low gain in the two bands. In [33] the GPS
antenna is proposed by modifying an annular ring and the SDARS antenna is placed at the
ring center using a slot-loaded degenerate mode square patch. In [34] a Y-shaped monopole
antenna was designed which achieved triple band at 2.4, 3.5, and 5.8 GHz and with dual-
polarization at the first and third band but <2.5 dBi gain in all the bands. In [35], a triple-band
CP antenna was designed by stacking a truncated square microstrip antenna with an ellipse-
shaped microstrip antenna. The above antenna showed CP characteristics at the first two
bands 4.2 and 4.8 GHz with linear polarization characteristic in the third band of 5.8 GHz,
but the stacking process led to a lack of compactness in size. Thus, the literature survey led
to the conclusion that to obtain multiband antenna generating CP waves along with the per-
formance of antenna in terms of gain, impedance bandwidth, AR bandwidth improving and
achieving miniaturization of the antenna is a challenging task.
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Fig. 1. Geometry of proposed antenna. (a) Top view. (b) Bottom view.
Table 1. Parameters of the proposed antenna
Parameters R1 R2 R3 R4 R5 R6
Value (mm) 0.99 5.74 11.28 14.88 16.88 22.40
Parameters L lcl wcl lc2 we2 h
Value (mm) 516 0.86 34.57 36.65 1.34 1.6

In this article, with the aim of achieving compactness followed
by achieving multiband and observing CP characteristic, a novel
triple-band dual-polarized annular ring antenna is proposed. In
this design by implementing two layers of concentric ring around
an annular ring leads to the generation of three bands showing
circular polarization in the first two bands and linear polarization
in the third band. A detailed theoretical approach is presented by
the approach of the equivalent circuit and the simulation analysis
is done using CST Microwave Studio matching well the measured
results. The proposed antenna has an attractive feature of being
simple with a low profile for achieving the desired frequency of
L2 and L1 bands and thus making the above structure finding
its application for GPS with RHCP in the two bands having 3
dB beamwidth of 107.70 and 119.32° respectively.

Design and theoretical analysis

Figure 1 shows concentric annular ring microstrip antenna
(CARMSA). The inner annular ring patch antenna (P1) is
coaxially fed whereas the other two concentric rings (P2 and
P3) surround the patch. The outermost concentric annular ring
P3 is having two notches placed symmetrically on it to get the
desired resonating frequency and improved axial ratio. The pro-
posed structure is built on FR4 substrate (relative permittivity
4.4) of height 1.6 mm. The ground plane of L x L is embedded
with a cross slot of Ic1 x wcl and Ic2 x wc2. To get the desired res-
onant frequency, the two notches are etched inside the outermost
concentric annular ring. The vertex of symmetrical notches is at
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(16.82, 0.75), (16.82, —0.75), (17.43, —1), and (17.43, 1) in mm.
Table 1 shows the dimensional parameters of the proposed antenna.

DGS unit can be modeled as parallel R, L, and C resonant cir-
cuit as in Fig. 2(a), which is connected at both ends to transmis-
sion lines [36].

The concentric annular ring microstrip patch can be repre-
sented by an equivalent circuit as shown in Fig. 2(b). This circuit
includes a parallel combination of resistance R1, inductance L1,
and capacitance Cl, which represent the unit cell of annular
ring patch P1. Annular ring P2 is represented as a parallel com-
bination of resistance R2, inductance L2, and capacitance C2.
Rings P1 and P2 are coupled with a parallel plate capacitance
(Csl) and two fringing capacitances (Cpl). Similarly, the outer
most ring P3 (parallel combination of R3, L3, and C3) is coupled
with P1 and P2 by a parallel plate capacitance (Cs2) and two frin-
ging capacitances (Cp2) [37]. A coupling capacitance (Cs3) is con-
sidered between the slot integrated ring and without the slot
integrated ring which is connected in series with parallel combin-
ation of Rn, Ln, and Cn. Coaxial feed is represented by series com-
bination of resistance Rf and inductance Lf as shown in Fig. 2(a).

The total input impedance of the equivalent circuit (Z,) can
be expressed as [38]:

Zn(Zp + (1/jwCs3))

Zoy = Rf +ijf+(Zp+Zn+(1/ijs3)) ,

where Zn = (1/Rn + joLn + (1/joCn)) is the input impedance of
symmetrical notches.
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Fig. 2. Equivalent circuit model of (a) cross slot and (b) proposed CARMSA.
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Fig. 3. Variation of simulated S;; with frequency of evolution of antennas.

Z,, = equivalent impedance of coupled P1, P2, and P3.
Components of the equivalent circuit R1, L1, and C1 can be
expressed as [38]:

_ S2ugh {F@)y*
C TR [~ (2 /RP)ED)Y — a1 — (2 /RP){F@)]

where F(b) = (ju(kb)y, (ka) — ya(ka)j, (kb)),
where a is the inner radius and b the outer radius of annular
ring, £, is the relative permittivity of the substrate, €, is the free
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Frequency [GHz]

Fig. 4. Variation of axial ratio with frequency of evolution of antennas.

space permittivity, d is the feed point, k is the resonant wave num-
ber, h is the thickness of the substrate, uq is the permeability of
free space, &, = V2 (for n#0), &,=1 (for n=0).

_ goe,m [VP(1 — (B /IPE)EB)Y — a*(1 — (' /K*0*){F(a)}’]
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where Qq is a factor including radiation, conductor, and dielectric 0
losses.
B
Evolution stages of the proposed antenna %
— -10
The evolution of our proposed antenna started with a coaxial fed =
annular ring antenna (i) of inner radius R1 and outer radius R2. v 15 ) i
The ground plane of the antenna was loaded with cross slot. As =—Simnlated '
. . = =Measured 4 :
seen in the figure, this proposed antenna resonates at 2.16 GHz 220 L=
and achieves a bandwidth of 78.279 MHz (2.1183-2.1966 GHz) 1 12515175 2 22525

with linear polarization at 2.16 GHz. A concentric ring of inner
radius R3 and outer radius R4 is made to surround the antenna
(i) to shift the resonant frequency of the antenna to the lower
side of 1.295 GHz. As depicted in Fig. 3, the impedance bandwidth
achieved is 71.12 MHz (1.2572-1.3283 GHz). The axial ratio of 5.62
dB at 1.295 GHz is obtained. To get triple band, a second concentric
annular ring of inner radius R5 and outer radius R6 is introduced
which generates three bands at 1.22760, 1.57542, and 2.18 GHz of
impedance bandwidth 54.032, 105.43, and 52.057 MHz, respectively.
Figure 4 depicts that CP waves are also generated at 1.22760 GHz
having an AR bandwidth of 12 MHz (1.222-1.234 GHz) with LP
waves generated at 1.57542 and 2.18 GHz. A notch is introduced
in the second concentric ring, and it is observed that the resonant
frequency shifts to desired three bands being generated at 1.22760,
1.57542, and 2.18 GHz. It is also observed from this figure, dual
CP band is at 1.22760 and 1.57542 GHz with AR bandwidth of
14.30 MHz (1.2221-1.2364 GHz) and 13.60 MHz (1.5630-1.5766
GHz), respectively. The axial ratio of 0.73 dB at 1.22760 GHz and
2.81dB at 1.57542 GHz is obtained.

Parametric study of proposed antenna

To get the desired frequency band, a parametric analysis was car-
ried on the proposed antenna by varying the dimensions of the
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Frequency [GHZz]

Fig. 7. Simulated and measured S;, of proposed antenna.

cross slot in the ground plane and their effect on §;; and axial
ratio with frequency was studied.

Influence of length lc2

Variation of Ic2 on the §;; and axial ratio with frequency is
observed in Figs 5(a) and 5(b). As Ic2 is considered at 35.50,
35.75, 36, 36.25, and 36.65 mm, it is observed that the resonant
frequency of the proposed antenna is achieved at 1.2350,
1.2325, 1.2310, 1.2295, and 1.22760 GHz, respectively. Thus, it
is observed that as length increases from 35.50 to 36.65 mm, res-
onating frequency shifts toward lower frequency to achieve GPS
L2 band at resonating frequency of 1.22760 GHz. From Fig. 5
(b) it is also observed that axial ratio improves at 36.65 mm
with axial ratio value approaching the ideal value of 0.73 dB
from 5.62 dB as length increases. Thus, the value of Ic2 is set to
36.65 mm.
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Fig. 10. Simulated and measured axial ratio of proposed antenna.

Fig. 11. Axial ratio of the designed antenna exhibits wider beamwidth.

Infl f length wcl
fituence of fength we and 34.57 mm, the value of S;; shifts toward upper frequency to

Variation of wcl on the S;; and axial ratio with frequency is observed  achieve GPS L1 band at resonating frequency 1.57542 GHz and bet-
in Figs 6(a) and 6(b). As wcl is considered at 33.50, 33.75, 34, 34.25,  ter impedance matching is observed at 34.57 mm. It is also observed
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Simulated and Measured Radiation Pattern
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Fig. 12. Radiation pattern of proposed antenna at GPS L2, GPS L1, and UMTS bands.

that axial ratio improves at 34.57 mm with axial ratio value
approaching the ideal value of 2.81dB at desired frequency
1.57542 GHz from 5.56 dB as the value of wcl increases from
33.50 to 34.57 mm. Thus, the value of wcl is finalized to 34.57 mm.

Results and discussion

By using the Agilent vector analyzer (N5230A: PNA-L), the fabri-
cated model of the proposed antenna is obtained. Figure 7 depicts
the top and bottom view of the fabricated prototype of the proposed
antenna. Figures 8 and 9 show the vector surface current and electric

https://doi.org/10.1017/51759078721001756 Published online by Cambridge University Press

field distribution that are analyzed by varying the time phase at 0,
90, 180, 270° at 1.22760 and 1.57542 GHz, respectively. At 0 and
90°, the vector surface current and electric field are of the equal mag-
nitude and are in-phase opposition at 180 and 270°, respectively.
This concludes that as there is change in the phase, and the simu-
lated surface current vectors and electric field rotate in the anticlock-
wise direction, demonstrating that RHCP is achieved.

Figures 7 and 10 depict that the proposed antenna achieves
measured impedance bandwidth of 49.50 MHz (1.1994-1.2489
GHz), 9410MHz (1.5444-1.6385GHz), and 52.60 MHz
(2.1550-2.2076 GHz) and AR bandwidth of 15.50 MHz
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Table 2. Comparison of our proposed antenna with some reported CP antennas in the literature

Dielectric Resonating Impedance 3 dB Axial ratio Gain Beamwidth
Ref. Size (mm°) constant freq. (GHz) bandwidth (MHz) bandwidth (MHz) (dBic) (degree)
[28] 38x38x20 25 1.17 24 - 2 110
12 1.22 24 2 90
1.57 24 0
[29] 60 x 60 x 1.52 4.0 1.22 72 12 1.35 -
1.48 90 16 3.5 -
[30] 65x65x1.6 4.4 1.17645 48 13 4.2 116
2.3325 51 25 6.6 120
[31] 53x53x5 4.5 - - 75 5 110
58 110
[32] 80x80x1.6 4.4 1.21 40 11 2.95 -
1.57 20 9 1.5
[33] 116x 116 % 3.7 - 1.57542 20 - 7.2 -
2.3325 35 6.5
[34] 35x45x1.6 4.4 2.4 230 110 <3 -
35 170 -
5.8 4170 400
[35] 30x30x1.52 2.2 4.2 - - 7 -
4.8 -
5.8 -
Proposed 51.6x51.6x1.6 4.4 1.22760 49.50 15.50 3.32 107.70
antenna 1.57542 94.10 14.20 3.54 119.32
2.18 52.60 - 3.83 -
(1.2239-1.2394 GHz) and 1420MHz (1.5651-1.5793 GHz) Conflict of interest. None.

which has good agreement with simulated ones. These results sat-
isfy the desired frequency of GPS L2, GPS L1, and UMTS bands.
Figure 11 depicts the simulated axial ratio beamwidth of 107.70
and 119.32° for GPS L2 and GPS L1 bands.

The gain of the proposed antenna varying with frequency is illu-
strated in Fig. 12. It is observed from radiation patterns that the
simulated gain attains the value of 3.32 dBic in the first band, 3.54
dBic in the second band, and 3.83 dBic in the third band. The simu-
lated results match closely with the measured gain of 3.31, 3.55, and
3.5 dBic in the three bands. This figure shows the radiation pattern at
1.22760, 1.57542, and 2.18 GHz for E and H planes.

Figures 12(d) and 12(e) depict the radiation pattern for simu-
lated RHCP of the proposed antenna for both GPS L2 and GPS L1
frequency bands. Observation shows that the pattern is symmet-
rical for GPS L2 band and its RHCP is greater than left-hand
CP by 27 dB and for GPS L1 band RHCP is greater than left-hand
CP by 16 dB in the © = 0° direction for both planes. In Table 2
comparison of the proposed antenna with the previously reported
antenna is listed. LHCP 0° means that at a constant value of ¢ = 0°
radiation pattern is dominating in RHCP than left-hand CP and
LHCP 90° means that at a constant value of ¢ = 90° radiation pat-
tern is dominating in RHCP than left-hand CP.

Conclusion

A novel structure single-feed triple-band CARMSA has been pre-
sented. The proposed antenna depicts a simple structure with com-
pactness and shows RHCP for two bands with linear polarization in
one band. Gain of 3.32, 3.54, and 3.83 dBi is achieved in three bands
at 1.22760, 1.57542, and 2.18 GHz, respectively. Thus, the proposed
antenna finds a good prospective for GPS L2, GPS L1, and UMTS
bands which make this suitable for the automotive applications.
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