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Design of a Triple-Band Antenna Based on Its Current Distribution

Xubao Sun”

Abstract—A triple-band patch antenna operating at 0.9, 1.8 and 2.4 GHz is presented. The triple-band
characteristic is realized by using a radiating patch and two meander lines achieved by embedding slots
in its radiating patch. According to the current distribution of the radiating patch, the locations of two
meander lines are chosen. The proposed antenna has the advantages of the easy control of each resonant
frequency and relatively simple antenna structure. The measured —10 dB impedance bandwidths are 30,
40, and 30 MHz at 0.9, 1.8, and 2.4 GHz, respectively. The simulated and measured radiation patterns
and gains are also presented and discussed.

1. INTRODUCTION

With the rapid development of modern wireless communication systems, there are increasing
requirements for antennas with multi-band operating frequencies in recent years. Patch antennas are
good candidates for these applications, because they have small weight and size, low cost, low profile,
and ease of fabrication and integration, which are widely used in wireless communication systems.
Multi-band patch antennas, in wireless local area network (WLAN) bands at 2.4, 5.2 and 5.8 GHz and
worldwide interoperability for microwave access (WiMAX) at 2.5, 3.5 and 5.5 GHz, have been introduced
in the literature [1-4]. Various techniques have been reported to achieve multi-band antenna, such as
using different slots cut in patch [5, 6], microstrip feed line [7] or ground patch [8, 9], stacked patch [10],
and parasitic elements [11]. In [12], a triple-band antenna is presented by using a corner-truncated
circular disc sector patch. As a similar technique, in [13], the multi-band performance can be achieved
by embedding differently shaped slots in a radiating patch and its ground plane, by properly optimizing
sizes and locations of the slots, which result in three resonant frequencies. In triple-band antenna
designs, the main challenge is tuning each band independently without affecting the other operating
frequencies. In the study by [10], although three independent bands are obtained, the antenna has a
relatively complex structure.

In this research, we present a novel triple-band patch antenna operating at 0.9, 1.8, and 2.4 GHz.
The three resonant frequencies can serve global systems for mobile communication (GSM), digital
communication system (DCS), and wireless local area network (WLAN), respectively. By choosing
locations of the slots etched in the patch according to the current distribution of the rectangular patch
antenna at 1.8 GHz, the proposed antenna possesses two advantages. First, it is very easy to realize
triple-band characteristics, and second, it is a simple antenna structure. Table 1 shows the comparison
of antenna operating frequencies and S1; between the presented antenna and reported antennas.

2. ANTENNA STRUCTURE

The schematic configuration of the proposed antenna is shown in Fig. 1(a), where the top and side
views are presented, and the fabricated prototype is shown in Fig. 1(b). The antenna is printed on an
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Table 1. Comparison with reported triple-band antennas.

Antenna | Triple frequencies (GHz) S11/dB Frequency differences (GHz)
1| f I3 i | o | fs | fo— N 3= f2
[5] 2.45 | 3.5 5.8 —20 | —15 | —12 1.05 2.2
[6] 24 | 3.6 5.2 —16 | =19 | —19 1.2 1.6
[10] 1.2 | 1.6 2.5 —20 | =20 | —25 0.4 0.9
This work | 0.9 | 1.8 2.4 —35 | —45 | =25 0.9 0.6
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Figure 1. (a) Schematic diagram of the antenna: top view and side view. (b) Fabricated antenna: top
view and bottom view.

FR-4 substrate having height h = 1.6 mm, dielectric constant 4.4, and loss tangent 0.02. This antenna
structure is a rectangular patch with dimensions of 42 x 15 x 1.6 mm?®. The antenna is fed by a coaxial
cable. By cutting slots on the patch, each slot width is 0.5 mm, and two meander structures are installed
on the left top and right bottom of the patch as shown in Fig. 1. The designed and optimized parameter
values are as follows: D1 = 42mm, D2 = 15mm, D3 = 19.2mm, D4 = 7.6 mm, D5 = 10.6 mm,
D6 = 5.2mm, h = 1.6 mm, and the feed point coordinate is (z = 2.62mm, y = 3.37 mm).

3. RESULTS AND DISCUSSION

All parameters of the proposed antenna are simulated and optimized by the software ANSOFT High-
Frequency Structure Simulator (HFSS). In order to better explain the working of proposed triple-band
radiator, we first introduce the current distribution of a rectangular patch antenna. By optimizing
dimensions of the antenna, the rectangular patch antenna with a size 42 x 15 x 1.6 mm? (D1 = 42 mm,
D2 = 15mm, h = 1.6 mm) is shown in Fig. 2(a); the FR-4 substrate height is 1.6 mm; the dielectric
constant is 4.4; loss tangent is 0.02; and its working center frequency is 1.8 GHz. The location of feeding
point is at (2.51 mm, 3.1 mm). The current distribution of the rectangular patch antenna is simulated
by the HFSS in Fig. 2(b), and we can find that the current mainly concentrates on the center of the
patch. Hence, by etching slots on the area of the lowest current, two meander structures are formed as
shown in Fig. 1. In general, each length of the meander is about a half wavelength corresponding to its
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operating frequency. The evolution of the proposed antenna is described in Fig. 3. Fig. 3(a) shows the
rectangular patch antenna, Fig. 3(b) the rectangular patch antenna with meander 1, and Fig. 3(c) the
antenna with meander 1 and meander 2. Compared to the antenna in Fig. 3(a), the proposed antenna
in Fig. 3(c) provides triple-band performance. Fig. 4 shows the simulated results of the S1; with and
without meander 1. It can be observed that there are two resonant frequencies at 1.8 and 0.9 GHz by
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Figure 2. (a) Configuration of the rectangular patch antenna at 1.8 GHz. (b) Current distribution of
the rectangular patch antenna at 1.8 GHz.
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Figure 3. Evolution of the proposed antenna. (a) Stage 1: the rectangular patch antenna at 1.8 GHz.
(b) Stage 2: with meander 1. (c) Stage 3: with meander 1 and 2.
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adding meander 1, and it can be noted that the resonant frequency 1.8 GHz is almost unaffected. This
result is what we expected. Continuing, meander 2 is added in the patch. It is worth mentioning that
without tuning other parameter values, we only optimize the location of feeding point for satisfying
the requirement of S11, and the optimized result is that a new feeding point moves to (2.62,3.37) from
(2.51,3.1), and the desirable triple frequency bands are obtained at 0.9, 1.8, and 2.4 GHz, as shown in
Fig. 5. Fig. 5 depicts the simulated diagrams of S1; with one and two meanders. From ours design
procedure, it is obvious that it is very easy to construct three resonant frequencies independently. In
other words, the proposed antenna has independent triple-band characteristics, and the three resonant
frequencies have almost no interaction with each other. In order to better examine the mechanism of the
triple-band antenna, the simulated current distributions on the rectangular patch at 0.9 and 2.4 GHz
are depicted in Fig. 6. From Figs. 6(a) and (b), it can be seen that at the lower and higher bands, the
current is mainly distributed along the region of meander 1 and the region of meander 2, respectively.
Meander 1 is related with GSM band at center frequency 0.9 GHz, whereas meander 2 can control the
WLAN band at center frequency 2.4 GHz. The total rectangular patch can control DCS band at center
frequency 1.8 GHz.
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Figure 4. Simulated diagrams of S1; with and without one meander.
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Figure 5. Simulated diagrams of S1; with one meander and two meanders.
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Figure 6. Simulated current distributions. (a) 0.9 GHz, (b) 2.4 GHz.
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Figure 7. Measured and simulated diagrams of Si;.

The final dimensions are based on the proposed antenna, which is fabricated and measured. Fig. 7
shows the measured and simulated results of Si;, showing good agreement at the three targeted
frequencies. The measured —10dB impedance bandwidths are 30, 40, and 30 MHz at 0.9, 1.8, and
2.4 GHz, respectively. Although each bandwidth of the proposed triple-band antenna is less than that
reported in past [1, 3], these centre frequencies of the proposed antenna are different from their reports.
If antenna needs wide bandwidth, it is easy to increase bandwidth by using conventional methods, such
as adding slots in patch or ground [14, 15], increasing dielectric thickness and method based monopole
antenna [5, 16].

In addition, the far-field radiation patterns of the proposed antenna are also given through
measurement in an anechoic chamber. The measured and simulated radiation patterns at 0.9, 1.8, and
2.4 GHz are plotted in Fig. 8. It can be found that the proposed antenna has a good omnidirectional
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Figure 8. Measured and simulated radiation patterns of the proposed antenna at (a) 0.9 GHz, (b)
1.8 GHz, (c) 2.4 GHz.

radiation pattern in the yoz-plane. The measured peak gains are 1.62 dBi, 2.12dBi, and 1.89 dBi at 0.9,
1.8, and 2.4 GHz, respectively.

Table 1 shows the comparison with reported triple-band antennas. In our work, the frequency
difference of the proposed antenna is smaller, and S7; is better than antennas.

4. CONCLUSION

In this article, a triple-band microstrip patch antenna for GSM, DCS, and WLAN applications is
proposed. The triple-band function is achieved by using two meander structures, and it exhibits
independent triple-band characteristics, simple antenna structure, and good radiation performances. All
measured results show good agreement with the simulations at the three service bands. The proposed
antenna is suitable for wireless communication applications.
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