Journal of Information Hiding and Multimedia Signal Processing (©2015 ISSN 2073-4212
Ubiquitous International Volume 6, Number 4, July 2015

Design and Application of Triple-Band
Planar Dipole Antennas

Yuh-Yih Lu, Jun-Yi Kuo

Department of Electrical Engineering
Minghsin University of Science and Technology
Hsinchu 304, Taiwan, R.O.C.
yylu@must.edu.tw

Hsiang-Cheh Huang!

Department of Electrical Engineering
National University of Kaohsiung
Kaohsiung 811, Taiwan, R.O.C.
huang.hc@gmail.com

Received September 2014; revised April 2015

ABSTRACT. In this paper, we propose the low-profile planar triple symmetric arms dipole
antennas for wireless communication applications. Three symmetric arms are etched on
the metallic layer of a single sided printed circuit board to form the planar dipole antenna.
For different applications, we present two antennas based on similar design concepts. For
the first antenna, it can be operated at 2.45/5.5/5.8 GHz, and for the second one, it can
be operated at 0.9/1.8/2.45 GHz, respectively. The size parameters of symmetric arms
are changed to design and fabricate the antenna operating at these specific frequencies.
We use IE3D software to design the two triple-band planar antennas and choose the better
parameters to manufacture the proposed ones. We also discuss about the influences of
dimension parameter of the proposed antennas on the resonant frequencies and impedance
bandwidths of our implementations. Proposed antennas are small in sizes, and they can
be applicable in GSM, RFID and WLAN frequency bands.

Keywords: Symmetric arm; Planar dipole antenna; GSM; RFID; WLAN.

1. Introduction. There are important factors for the design of antenna in wireless com-
munications, including compact size, lower cost, and ease of fabrication. Planar antennas
possess the attractive features. Hence, many studies about planar antennas had been
proposed and widely used in Wireless Local Area Network (WLAN) [1, 2, 3, 4], Radio
Frequency Identification (RFID) [5, 6, 7], Worldwide Interoperability for Microwave Ac-
cess (WIMAX) [8, 9, 10], Global System for Mobile Communication (GSM) [11, 12], and
Ultra Wide Band (UWB) systems [13, 14, 15]. In modern wireless communication devices,
they should be capable of operating at multiple frequency bands [16, 17, 18]. Therefore,
relating researches have been published for multi-band planar antennas [19, 20, 21].

In this paper, based on similar concepts, we propose the implementations of two an-
tennas; one is a simple uniplane dipole antenna with symmetric arms, and the other is
a simple planar triple symmetric arms dipole (TSAD) antenna. The return loss, reso-
nant frequency, impedance bandwidth, and radiation pattern are obtained from IE3D
simulations. The lower, middle and upper arms of the proposed antennas control the
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resonant frequencies. The suitable geometric parameters of the symmetric arms are se-
lected to fabricate the first antenna operating at 2.45/3.5/5.8 GHz with small size of
40.6mmx 13mmx0.6mm, and to fabricate the second antenna operating at 0.9/1.8/2.45
GHz with size of 43mm x20mmx 1.6mm for the applications in wireless communications.
Proposed antennas can be built on a single sided printed circuit board. The single metal
layer structure is suitable for mass production and reduces the manufacturing cost.

The rest of the paper is organized as follows. In Sec. 2 and Sec. 3, we present the design
concept, simulations, and measurements of the first and the second antennas, respectively.
In Sec. 4, we briefly address the comparisons between the two antennas presented in this
paper. Finally, we give the conclusion of this paper in Sec. 5.

2. The 2.45/3.5/5.8 GHz Antenna.

2.1. Antenna Design. The first antenna has a compact size of 40.6mm x 13mm x 0.6mm.
It is a planar dipole antenna, and its structure can be printed on a single metallic layer of
FR4 dielectric substrate with the permittivity of 4.4 and thickness of 0.6mm. The config-
uration of this proposed antenna is depicted in Fig. 1. Three symmetric arms in Fig. 1 are
etched on the metallic layer to create the operating frequency bands at 2.45/3.5/5.8 GHz.
Points A and B are the feeding points of the planar dipole antenna. Three parameters
including the lower arm length parameter L1, the middle arm length parameter L2, and
the upper arm corner parameter S are adjusted to observe the variations with respect
to the resonant frequency and impedance bandwidth. The dimension parameters of the
proposed antenna shown in Fig. 1 are listed below.

e For the parameters in horizontal direction (z-direction): L3 = 14.5mm, L4 = 3mm,
L5 = 2mm, and G = 1mm.

e For the parameters in vertical direction (y-direction): W = 10mm, W1 = 2mm, W2
= 2mm, W3 = 2mm, W4 = 2mm, W5 = 3mm, W6 = 7mm, and W7 = Imm.

In addition, the 50 ohm coaxial connector was adopted for testing.

FIGURE 1. Geometry of the proposed planar dipole antenna.

2.2. The Simulations. We adopted various dimension parameters L1, L2 and S depicted
in Fig. 1 to observe the characteristics of the first antenna. Numerical simulations and
analysis for the first antenna are performed using IE3D simulation software. In order
to design the proposed antenna that can be used in 2.45/3.5/5.8 GHz, we choose L1 =
16mm, L2 = 11.7mm, and S = Imm to fabricate the triple-band planar symmetric dipole
antenna. Simulation curves of return loss against frequency for varying the lower arm
parameter L1 of the proposed antenna with L2 = 11.7mm and S = 1mm are depicted
in Fig. 2(a). Three obvious operating frequency bands are observed in Fig. 2(a) and the
lower resonant frequency is slightly decreased with increase of LL1. Simulation curves of
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FIGURE 2. Simulated curves of return loss against frequency with different
conditions. (a) By varying L1 with L2 = 11.7mm, and S = 1lmm. (b) By
varying L2 with L1 = 16mm and S = 1lmm. (¢) By varying S with L1 =
16mm and L2 = 11.7mm.

return loss against frequency by varying the middle arm parameter L2 with L1 = 16mm
and S = Imm, and by varying the upper arm parameter S with L1 = 16mm and L2 =
11.7mm, are depicted in Fig. 2(b) and Fig. 2(c), respectively.

From Fig. 2(b) and Fig. 2(c), three obvious operating frequency bands are also observed.
The lower, middle and upper resonant frequencies are slightly decrease with the increase
of L2 in Fig. 2(b). As depicted in Fig. 2(c), the lower and middle resonant frequencies
are nearly unchanged while the upper resonant frequency is slightly increased with the
increase of S. Simulation results, including resonant frequency (f.), return loss (RL), and
impedance bandwidth (BW), of the lower, middle, and upper operating frequency bands
are listed in Table 1.

The radiation patterns are computed using IE3D software for the proposed antenna with
L1 = 16mm, L2 = 11.7mm, and S = 1lmm. Figs. 3(a) and 3(b) illustrate the simulated
radiation patterns of x — z and y — z planes at 2.45 GHz, in addition, Figs. 4(a), 4(b) and
Figs. 5(a), 5(b) illustrate their counterparts at 3.5 GHz and 5.8 GHz, respectively. The
peak gains at the operating frequency obtained from the radiation patterns are classified
as Table 2. It can be seen that the radiation patterns are almost omnidirectional in the
y— z plane as depicted in Figs. 3(b), 4(b), and 5(b). From the simulation results, it is easy
to find that the simulated return loss, impedance bandwidth and peak gain at the lower,
middle and upper frequency bands show good performance and they can be employed for
2.45/3.5/5.8 GHz applications.
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TABLE 1. Simulated results for varying dimension parameters of the first antenna.

L1 L2 S Frequency fe RL BW
(mm) | (mm) | (mm) band (GHz) | (dB) | (MHz)
lower 2.53 | —22.6 145
15.0 | 11.7 1.0 middle 3.50 | —24.2 184
upper 6.00 | —16.8 1398
lower 245 | =270 170
16.0 | 11.7 1.0 middle 3.50 | —28.6 170
upper 6.00 | —19.1 1435
lower 2.36 | —30.8 189
17.0 | 11.7 1.0 middle 3.50 | —35.9 161
upper 5.96 | —22.6 1389
lower 243 | —21.7 139
16.0 | 12.7 1.0 middle 3.38 | —154 330
upper 5.71 | —17.5 1285
lower 2.37 | —16.6 88
16.0 | 13.7 1.0 middle 3.20 | —15.1 427
upper 5.65 | —17.8 1282
lower 2.45 | —26.3 169
16.0 | 11.7 0.5 middle 3.50 | —23.2 149
upper 5.78 | —17.1 1308
lower 2.44 | —28.1 171
16.0 | 11.7 1.5 middle 3.50 | —29.5 179
upper 6.20 | —21.7 1491

TABLE 2. Simulated gains of the first antenna with L1 = 16mm, L2

11.7mm, and S = Imm at operating frequencies.

| / (GHz) | « — z plane gain (dBi) | y — z plane gain (dBi) |

2.45 1.79 1.97
3.50 0.64 2.08
5.80 1.57 2.35

TABLE 3. Measured gains of the first antenna with L1 = 16mm, L2

11.7mm, and S = 1mm at operating frequencies.

| f (GHz) | 2 — z plane gain (dBi) | y — z plane gain (dBi) |

2.45 2.46 2.80
3.50 1.02 3.50
5.80 5.20 6.45
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The measured radiation patterns of the fabricated antenna are illustrated in Fig. 3(c)
and 3(d) at 2.45 GHz, Fig. 4(c) and 4(d) at 3.5 GHz, and Fig. 5(c) and 5(d) at 5.8
GHz, respectively. The measured peak gains for testing frequencies at * — z and y — 2
planes of the fabricated antenna are listed in Table 3. There are discrepancies between
the simulated and measured results which may occur because of the effect of the coaxial
connector soldering process and fabrication tolerance.

2.3. Experimental Results. From the simulation results, we use the appropriate geo-
metric parameters to fabricate the proposed antenna. To reach the operating frequencies
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FIGURE 3. Radiation patterns of the first antenna at 2.45 GHz. (a)(b):
Simulation. (c¢)(d) Measurement.

(a) © — z plane, f = 3.5 GHz

F (dB):1.019 F (d8)3.509 E) =
B (dB):0.701 20 B (dB):1.709 e —
F-B (dB10.318 F.B (dB):1.800 —— i

(¢) x — z plane, f = 3.5 GHz (d) y — z plane, f = 3.5 GHz

FIGURE 4. Radiation patterns of the first antenna at 3.5 GHz. (a)(b):
Simulation. (c)(d) Measurement.

covering 2.45/3.5/5.8 GHz, we choose L1 = 16mm, L2 = 11.7mm and S = lmm to fab-
ricate the desired antenna. The photography of fabricated antenna is demonstrated in
Fig. 6. The curves of return loss against frequency of the simulated and fabricated an-
tenna are illustrated in Fig. 7. Finally, the simulated and measured results are listed in
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Ficure 5. Radiation patterns of the first antenna at 3.5 GHz. (a)(b):
Simulation. (c¢)(d) Measurement.

FIGURE 6. Photography of fabricated planar dipole antenna.

Table 4. From these data, we observe that the trend of simulated and measured oper-
ating frequency band and return loss are in good agreement. The measured impedance
bandwidths of the fabricated antenna for return loss less than —10 dB at lower, middle
and upper frequency band are 320 MHz, 230 MHz and 3160 MHz, respectively. The
measured return loss and impedance bandwidth of the fabricated antenna represent the
better performance than that in the simulation conditions.

From Figs. 3(d), 4(d) and 5(d), we can observe that the radiation patterns are al-
most omnidirectional in the y — z plane. The omnidirectional antenna radiation pattern
indicates that the fabricated antenna is good for mobile devices.

3. The 0.9/1.8/2.45 GHz Antenna.
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TABLE 4. Simulated and measured results of the first antenna.

| Condition | f. (GHz) | RL (dB) | BW (MHz) |

2.45 —-27.0 170

Simulation 3.50 —28.6 170
6.00 —-19.1 1435

2.52 -27.3 320

Measurement 3.50 —26.0 230
5.65 —31.6 3160

— — — Simulation
Measurement

Return Loss(dB)

Frequrency (GHz)

FIGURE 7. Simulated and measured return loss of the proposed antenna.

3.1. Antenna Design. The second antenna has a compact size of 43mm x20mm x 1.6mm.
Like the first antenna in Sec. 2, the planar dipole antenna structure is printed on a single
metallic layer of FR4 dielectric substrate with the permittivity of 4.4 and thickness of
1.6mm. Configuration of the second antenna is depicted in Fig. 8. Three symmetric arms
are etched on the metallic layer to create the operating frequency bands in Fig. 8. Points
A and B are the feeding points of the planar dipole antenna. Similar to the counterparts
of the first antenna, three parameters, including the lower arm length parameter L1, the
middle arm length parameter L2, and the upper arm corner parameter S are adjusted to
observe the variations with respect to the resonant frequency and impedance bandwidth.

S —
L I
|r - {0

z

- X

F1cURE 8. Configuration for the proposed TSAD antenna.

The dimension parameters of the proposed antenna shown in Fig. 8 are listed below.

e For the parameters in horizontal direction (z-direction): L3 = 3lmm, L4 = 4mm,
L5 = Tmm, L6 = 9mm, L7 = 4mm, and G = 0.5mm.

e For the parameters in vertical direction (y-direction): W = 20mm, W1 = 2mm, W2
= 3mm, W3 = 2.5mm, W4 = 2.5mm, W5 = 3mm, W6 = 7Tmm, and W7 = 18mm.
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FIGURE 9. Simulated curves of return loss against frequency under different
conditions. (a) By varying L1 with L2 = 23mm and S = 2mm. (b) By
varying L2 with L1 = 39mm and S = 2mm. (c¢) By varying S with L1 =
39mm and L2 = 23mm.

In addition, the 50 ohm coaxial connector was adopted for testing.

3.2. The Simulations. We adopted various dimension parameters L1, L2 and S depicted
in Fig. 8 of the TSAD antenna to observe the characteristic variations of these antennas.
The numerical simulation and analysis for the TSAD antennas are performed using IE3D
simulation software.

Simulation curves of return loss against frequency for varying the lower arm parameter
L1 of the TSAD antenna with L2 = 23mm and S = 2mm are depicted in Fig. 9(a). Three
obvious operating frequency bands are observed and the lower operating frequency gets
slightly reduced with increasing the value of L1 in Fig. 9(a). Correspondingly, curves of
return loss against frequency for varying the middle arm parameter L2 of the proposed
antenna with L1 = 39mm and S = 2mm, and for varying the upper arm parameter S of the
proposed antenna with L1 = 39mm and L2 = 23mm, are demonstrated in Fig. 9(b) and
Fig. 9(c), respectively. In Fig. 9(b), like its counterparts in Fig. 9(a), with the increase of
L2, the middle operating frequency gets reduced. In Fig. 9(c), there seems little influences
to the operating frequencies with the increase of S. The lower, middle and upper operating
frequency band simulated results are listed in Table 5. These simulated results include
resonant frequency (f.), return loss (RL), and impedance bandwidth (BW).

In order to design the second antenna operating at 0.9/1.8/2.45 GHz, we select the
better size parameters L1 = 43mm, L2 = 23mm and S = 2mm to observe the radiation
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TABLE 5. Simulated results for varying dimension parameters of the second antenna.
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L1 L2 S Frequency fe RL BW
(mm) | (mm) | (mm) band (GHz) | (dB) | (MHz)
lower 099 | —-274 80
39.0 | 23.0 2.0 middle 1.48 | —26.8 58
upper 2.53 | —12.8 941
lower 0.98 | —25.3 74
39.0 | 25.0 2.0 middle 143 | —33.4 90
upper 2.59 | —12.9 897
lower 0.97 | —22.6 62
39.0 | 28.0 2.0 middle 1.39 | —34.5 110
upper 2.59 | —13.1 869
lower 0.99 | -25.7 79
39.0 | 23.0 0.5 middle 1.49 | —23.9 55
upper 2.44 | —15.0 917
lower 0.99 | —26.3 79
39.0 | 23.0 1.0 middle 1.49 | —25.0 58
upper 2.51 | —14.4 925
lower 0.96 | —27.8 80
41.0 | 23.0 2.0 middle 1.48 | —26.3 55
upper 2.53 | —11.6 837
lower 0.93 | —28.4 80
43.0 | 23.0 2.0 middle 1.48 | —25.9 53
upper 2.44 | —10.7 730

TABLE 6. Simulated gains of the second antenna with L1 = 43mm, L2 =

23mm, and S = 2mm at operating frequencies.

] f (GHz) \ x — z plane gain (dBi) \ y — z plane gain (dBi) ‘

0.90 1.93 1.94
1.80 1.51 2.12
2.45 1.98 2.66

TABLE 7. Measured gains of the second antenna with L1 = 43mm, L2 =

23mm, and S = 2mm at operating frequency.

| f (GHz) | 2 — z plane gain (dBi) | y — z plane gain (dBi) |

0.90 3.41 4.96
1.80 2.64 3.58
2.45 3.24 4.68

pattern of this TSAD antenna. The radiation patterns are computed using IE3D soft-
ware for the proposed TSAD antenna. Figures 10(a) and 10(b) illustrate the simulated
radiation patterns at 0.9 GHz. Figs. 11(a), 11(b) and Figs. 12(a), 12(b) present their
counterparts at 1.8 GHz and 2.45 GHz, respectively.

The computed peak gains at the operating frequency obtained from the radiation pat-
terns are arranged in Table 6. It can be observed that the radiation patterns are almost
omnidirectional in the y — z plane as depicted in Fig. 10(b), Fig. 11(b), and Fig. 12(b),
respectively. From the simulation results, it is easy to find that the simulated return loss,
impedance bandwidth and peak gain of the proposed TSAD antenna present the better
performance, and it can be applicable at 0.9/1.8/2.45 GHz.
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F1cure 10. Radiation patterns of the second antenna at 0.9 GHz. (a)(b):
Simulation. (c)(d) Measurement.

(a) x — z plane, f = 1.8 GHz  (b) y — 2z plane, f = 1.8 GHz
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Ficure 11. Radiation patterns of the second antenna at 1.8 GHz. (a)(b):
Simulation. (c¢)(d) Measurement.

Figures 10(c) and 10(d) depict the measured radiation patterns of the fabricated TSAD
antenna with L1 = 43mm, L2 = 23mm, and S = 2mm at 0.9 GHz, Fig. 11(c) and 11(d)
present their counterparts at 1.8 GHz, and Fig. 12(c) and 12(d) display their counterparts
at 2.45 GHz, respectively. The measured peak gains for testing frequencies at  — z and
y — z plane of the fabricated TSAD antenna are listed in Table 7.
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FIGURE 12. Radiation patterns of the second antenna at 2.45 GHz. (a)(b):
Simulation. (c¢)(d) Measurement.

TABLE 8. Measured results of the second antenna at operating frequencies.

[T1 (mm) [ /. (GHz) [ RL (dB) | BW (MHz) |

1.02 —27.8 106
39.0 1.50 —28.0 80
1.99 —-16.3 931
0.96 —36.4 137
41.0 1.50 —17.5 95
2.38 —21.5 657
0.91 —29.5 122
43.0 1.38 —23.8 69
2.25 —17.6 799

3.3. Experimental Results. From the simulation results, we use the appropriate geo-
metric parameters to fabricate the proposed TSAD antenna. To reach the operating
frequencies covering 0.9/1.8/2.45 GHz, we choose L2 = 23mm and S = 2mm with varying
L1 to fabricate the desired antennas. Figure 13 demonstrates the photography of the
fabricated TSAD antennas. The curves of return loss against frequency of the fabricated
antennas are illustrated in Fig. 14. The measured results are listed in Table 8. From
these data, we observe that the measured operating frequency band and return loss have
the same tendency as the simulated results. There are some discrepancies between the
computed and measured results, and these may occur because of the effect of the coaxial
connector soldering process and fabrication tolerance. The fabricated TSAD antenna with
L1 = 43mm, L2 = 23mm and S = 2mm meets the requirement of the desired antenna
that can be used at 0.9/1.8/2.45 GHz.

From Figs. 10(d), 11(d), and 12(d), we can observe that the radiation patterns are
almost omnidirectional in the y — z plane. The omnidirectional antenna radiation pattern
indicates that the fabricated antenna is good for mobile devices. The measured peak gains
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FIGURE 13. Photography of fabricated TSAD antennas. (a) L1 = 39mm.
(b) L1 = 41mm. (c¢) L1 = 43mm.
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FIGURE 14. Measured curves of return loss against frequency for varying
L1 of the fabricated TSAD antennas.

of the fabricated TSAD antenna at 0.9 GHz, 1.8 GHz and, 2.45 GHz are 4.96 dBi, 3.58
dBi, and 4.68 dBi, respectively. Therefore, the fabricated antenna can be used for GSM
0.9/1.8 GHz and RFID 0.9/2.45 GHz applications.

4. Comparisons and Discussions. With the similar design concepts, we present two
antennas which can operate at triple-bands for different applications in wireless commu-
nications. Considering the maximal and minimal frequency bands, we take 5.8 GHz and
0.9 GHz as an instance. For 5.8 GHz, the half wavelength corresponds to 25.86 mm in
the design of dipole antennas, and for 0.9 GHz, it corresponds to 166.67 mm. And this is
the major reason for selecting L1, L2, and L3 in Fig. 1 and Fig. 8, respectively.

Here we also provide the current distribution patterns in Fig. 15 for the first antenna in
Sec. 2, and in Fig. 16 for the second antenna in Sec. 3. We can observe that the patterns
correspond with the desired frequency bands accordingly.

5. Conclusions. In this paper, we presented two fabricated triple-band planar dipole
antennas for 2.45/3.5/5.8 GHz and 0.9/1.8/2.45 GHz applications. They exhibit sim-
ple structure and small in size. With the careful chosen of designed parameters of the



804 Y. Y. Lu, J. Y. Kuo, and H. C. Huang

F1GURE 15. The current distribution patterns of the first antenna in Sec. 2.
(a) At 2.45 GHz. (b) At 3.5 GHz. (c) At 5.8 GHz.

F1GURE 16. The current distribution patterns of the first antenna in Sec. 3.
(a) At 0.9 GHz. (b) At 1.8 GHz. (c) At 2.45 GHz.

symmetric arm, operating frequencies would lie into the triple bands as designed. After
the simulations with IE3D software, the two antennas are fabricated, and the measured
results have high correlations with the simulated ones. Therefore, the performances of
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proposed antennas can be verified. Finally, the fabricated planar dipole antennas can be
built as an on-board antenna, and this would reduce the manufacturing cost of a device.
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