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ARTICLE INFO ABSTRACT

Received 01 March 2018 Annular ring antenna concept has been utilized in many applications. This paper presentsthe
Eg‘é‘ Sidedzg ?Ap”lrilzgéig adoption of annular ring concept on a dual-band microstrip antenna. The antennais designed
Avaﬁpabl e on“n‘; 28 May 2018 to operate at 1.9 GHz and 2.1 GHz operating frequencies. The objective of thisresearch isto

observe the method potential of combining two patches operate at different frequencies as a

single dual-band antenna. While the purpose of the annular concept is to enhance the

bandwidth of an antenna, analysis from this work shows that for a dual-band antenna with

operating frequencies close one to the other, the obtained bandwidths are relatively narrow,
/}imﬁg‘;ip antenna, dual-band, down to_of apout 5%. Nevertheless, the antenna is capable to operate at both designated
annular ring frequencies with good return losses down to -24.40dB.
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1. Introduction

Annular ring microstrip antenna has been used in many applications including
for satellite communication [1], wireless sensor network (WSN) application[2] and
also has been proposed for aircraft [3] and integrated GPS and SDARS automotive
applications[4]. The concept isadopted widely to obtain ultrawide band operating
frequency [5]-[7] and also for its circular polarization capability [1], [8], [9].

This paper presents an analysis of dual-band annular ring microstrip antenna
operating at 1.9 GHz and 2.1 GHz. These bands are employed for cellular
communication in Indonesia. In different with [ 10] where the dual-band isachieved
by applying notches in the antenna patch, the proposed antenna in this work has
managed to obtain the dual-band characteristic by combining two annular ring
patches with different sizes as a single microstrip antenna. Each patch is
corresponding to its own operating frequency while at the same time affecting the
characteristic of the other frequency. The design process was started by calculating
the antenna geometry using standard equations which can be easily found in the
textbook. The parameters were then varied to obtain the most suitable
characteristic. This varying process was conducted using the simulator. After the
optimum design was obtained, the proposed design was fabricated and gone
through standard measurement process.

2. Antenna Architecture

The proposed antenna is developed by etching two annular ring patches into a
substrate connected by a stripline feeder, as shown in Figure 1. Consequently, these
patches are a so sharing the same groundplane. It can be seen that one of the patches
is smaller than the other. This smaller patch is responsible for operating frequency
(2.1 GHz), while the bigger one corresponding to the lower frequency responds
(1.9 GHz). Since they are sharing the same substrate and groundplane, the mutual
coupling is quite pronounced that any slight changes on one patch will directly
affect the other. The optimized parameters for the proposed antenna are listed in
Table 1. For the substrate, the FR4 material is utilized. The groundplane is full
without any defection.

Figure 1 Geometry of the proposed antenna
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Table 1 The proposed antenna parameters

Parameter Dimension
W (Substrate width) 100 mm
L (Substrate length) 150 mm
H (conductor thickness) 0.035 mm
T (substrate thickness) 1.6 mm
al( inner radius of 2.1 GHz) 0.104 A
bl (outer Radius of 2.1 GHz) 0.064)1
a2(.inner radius of 1.9 GHz) 0.106 A
b2 (outer radius of 1.9 MHz) 0.065 A
W_QWT1 (width of 2.1 GHz) 0.0154 1
W1( stripline width of 2.1 GHz) 0.0436)
W_QWT?2 (width of 1.9 GHz) 0.0191A
W2(stripline width 1.9 GHz) 0.0445)
Wp (width stripline parallel ) 7.4 mm
Wz (feeding stripline width) 7.2mm
Lp ( stripline paralel Length) 67.57 mm
Tp (feeding stripline Length) 17 mm

3. Result & Discussion

Figure 2 shows the ssimulated return loss for the proposed geometry. The peaks
are actually higher than the designated frequencies. Nevertheless, it can be seen
that return losses lower than -10 dB has been achieved for both operating
frequencies. At 1.9 GHz and 2.1 GHz, the obtained return losses are of about -22

dB and -11.47 dB respectively.

Figure 2 Simulated return loss of the proposed antenna

The proposed geometry was then fabricated and measured, as shown in Figure
3. Figure 4 depicts the measured return losses, which are better than the simulated
result. -24.40 dB return loss has been achieved at 1.9 GHz with a bandwidth of
about 100 MHz (5.2% bandwidth). Gain at this frequency is 2.67 dB. At 2.1 GHz,
the measured return loss was -16.70 dB with a bandwidth of about 150 MHz (7%
bandwidth) and gain of about 1.84 dB. The both obtained gains are within typical
range for a microstrip antenna.
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Figure 3 Fabricated antenna under measurement
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Figure 4 Measurement result (Return Loss)

The radiation patterns of the proposed antenna were also have been simulated
and measured. However, the measurements were conducted not inside an anechoic
chamber and hence the results were slightly different from simulation. Since afull
groundplane is used in the proposed geometry, it is expected that the radiation
patterns are directional towards the direction where the patches are facing on, with
a small level of minor lobes. However, simulation and measurement show a
different characteristic than theoretical.

Figure 5 and 6 depict the azimuthal and elevation radiation patterns for the 1.9
GHz frequency, while the same orientation of radiation patterns for 2.1 GHz
operating frequency are depicted in Figure 7 and 8 respectively. It can be seen that
there are strong features of side lobes on the azimuth patterns and back 1obe on the
elevation patterns for both operating frequencies. There are two possibilities for
this shortcoming. First, it was purely due to the non-ideal condition of the
measurements. Outside an anechoic chamber, measurement is prone to reflected
signals from surrounding and hence will differentiate the results from what
supposedly obtained. The second possibility isthat the patches are also acting as a
parasitic element. The smaller driven element is acting as parasitic element for the
bigger driven element and vice versa. The existence of parasitic element may pull
theradiated or received signal toward its direction and hence disturb the directional
pattern of the proposed antenna.
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Figure 5 Radiation patterns at 1.9 GHz (Azimuth orientation)

Figure 6 Radiation patterns at 1.9 GHz (Elevation orientation)

Figure 7 Radiation patterns at 2.1 GHz (Azimuth orientation)
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Figure 8 Radiation patterns at 2.1 GHz (Elevation orientation)

4. Conclusion

Performance of a dual-band annular ring microstrip antenna operates at cellular
communication band in Indonesia has been analyzed in this paper. The antenna is
ableto work at 1.9 GHz and 2.1 GHz with good return losses (down to -24.4 dB)
but inherits narrow bandwidths (down to 5.2%). The obtained gain (2.67 dB and
1.84 dB) are aso typical for a microstrip antenna, but not at the poor side. The
radiation patterns of the proposed antenna are not unidirectional despite the
utilization of full groundplane, which lead to possibility of the patches acting as a
parasitic element. Nevertheless, the patterns are still suitable for cellular
communication application.
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