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Tri-band compact ACS-fed meander-line
antenna for wireless communications

AYMAN AYD R. SAAD', AHMED A. IBRAHIM’, OSAMA M. HARAZ> AND AYMAN ELBOUSHI™®

In this paper, a compact tri-band asymmetric coplanar strip (ACS)-fed meander-line antenna for wireless communications is
proposed. Two inverted-L-shaped resonators are added to a simple meandered radiator for standard tri-band operation.
Parametric studies indicate that operating frequencies of the proposed antenna are determined by the dimensions of the
two inverted-L-shaped resonators. The measured results show that the proposed antenna can achieve three frequency
bands; i.e. 1.48-1.63, 2.25-2.48, and 4.22-6.0 GHz. These bands can successfully cover the global positioning system L1, wire-
less local area network (WLAN), and HIPERLAN/2 operation bands, respectively. The proposed antenna exhibits good radi-
ation patterns with reasonable gain and high radiation efficiency across the operating bands. In addition, the proposed
antenna has compact size and simple feeding scheme, which make it suitable to be integrated within the portable device

for wireless communications.
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. INTRODUCTION

In the era of tremendous development in the wireless commu-
nications, design of low-profile multi-band antennas has
attracted great attention due to their capability of integration
in portable devices. There are several attractive features of a
coplanar waveguide (CPW)-fed antenna-like uniplanar
structure such as good impedance matching, multi-band
operation, and ease of implementation and integration with
MMIC (monolithic microwave integrated circuits). Based on
CPW-feeding structure, various techniques have been recently
proposed and presented in literature to support dual-, triple-,
or multi-band operation for standard applications such as,
global position system (GPS), wireless local area network
(WLAN), and worldwide interoperability for microwave
access (WiMAX) [1-13]. The most common technique
focuses on modifying the geometry of the radiating patch
or/and employing defected ground structure. G-shaped radi-
ating structure is configured for dual-band operation [1].
For tri-band operation, a fork-shaped antenna [2], and
M-shaped meander-line antenna [3] have been introduced.
In addition, some modifications in the feeding structure like
rhombic ring feeding structure in the open end of the CPW
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feed line [4] or etching slots [5-7] have been used to generate
multiple resonant modes. Other methods to produce multiple
resonate modes are by extending resonance branches or
adding parasitic resonators to provide several current paths.
These techniques include loading the antenna with an add-
itional V-shaped sleeve [8], an inverted U-shaped strip [9],
handstand stubs to ground plane aperture [10], a parasitic
E-shaped strip [11], and a modified mirrored L-shaped
conductor-back parasitic plane[12]. Different techniques to
generate multiple resonant modes have been used simultan-
eously in which a Y-shaped monopole radiator with a mean-
dering split-ring slot, as well as a pair of inverted-L strips
embedded in the modified rectangular slot, are employed in
the antenna design [13]. However, most of these designs are
either with large size owing to the most use of a big ground
or with complex structure.

From the aspect of miniaturization in electronic devices,
CPW-fed antenna can be reduced to one-half of its size
without deteriorating the antenna performance by using
asymmetric coplanar strip (ACS) feeding structure in contrast
to that of the CPW-fed structure. Using this technique, several
compact ACS-fed antennas for multiband communication
systems are recently presented [14-31]. However, some of
the reported antennas have complex structures, while others
are relatively large in size. Moreover, most of the introduced
antennas focus on covering the 2.4 GHz WLAN band by the
antenna’s first operating band.

In this paper, a meandered radiator is used in a compact
ACS-fed antenna for multi-band operation. The meander
technique as well as the ACS feeding technique is utilized to
minimize the antenna size. Two inverted-L-shaped resonators
are embedded into the design to adjust and control the
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Fig. 1. Geometrical configuration of proposed ACS-fed meander-line
antenna.

antenna resonant frequencies for standard tri-band operation
of GPS L1, WLAN, and HIPERLAN/2 applications. The effect
of these resonators in generating the operating bands are
studied and presented. Methodology of the antenna design
accomplished with simulated and measured results are inves-
tigated and discussed below.
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Fig. 3. Simulated reflection coefficient |S,,| of the proposed antenna with and
without the two inverted-L-shaped resonators.

. ANTENNA GEOMETRY

The geometry of the proposed antenna is shown in Fig. 1. The
antenna is designed on a 1.6 mm-thick FR-4 substrate with a
relative permittivity of 4.4, and overall dimensions of W x
L =15 x 35 mm®. The antenna structure comprises of an
ACS feeding structure that feeds a simple meander-line struc-
ture. The 50-{) ACS feeding line has a length, L;=17 and a
width, Wy=2.9mm with a gap distance, g=0.3 mm
between the strip and a coplanar one-side partial ground
plane have a length, L, = 4.5 mm. Two inverted-L-shaped
resonators are embedded into the design to improve the
antenna resonance frequencies for specific operation. By

Table 1. Dimensions of the proposed antenna parameters illustrated in Fig. 1.

Parameter L w L, W, L, W, w, L,, W Ly We L, g s
Value (mm) 35 15 6 11.5 10 8 2 14 2 17 2.9 4.5 0.3 2
¥y
L—» i v
-4
(a) (b) (c) (d)

Fig. 2. Design evolution process. (a) Conventional ACS-fed meander-line antenna. (b) Conventional antenna with the first inverted-L-shaped resonator. (c)
Conventional antenna with the second inverted-L-shaped resonator. (d) Proposed antenna with the two inverted-L-shaped resonators.
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Fig. 4. Simulated reflection coefficient |S,,| of the proposed antenna. (a) For

various widths, W, of the first inverted-L-shaped resonator. (b) For various
lengths, L, of the second inverted-L-shaped resonator.
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adjusting the dimensions and locations of these resonators,
three resonant frequencies can be achieved. The dimensions
of the proposed antenna parameters are listed in Table 1.

. DESIGN METHODOLOGY

Figure 2 shows the design evolution of the proposed antenna
including four antenna configurations, which are denoted as
antenna #1, antenna #2, antenna #3, and the proposed
antenna, respectively. Antenna #1 in Fig. 2(a) is the initial
design of the proposed antenna, which consists of an
ACS-fed with a simple meander-line radiator. Based on the
simulated results in Fig. 3, antenna #1 has dual resonant fre-
quencies at 1.6 and 3 GHz for S,, < —10dB. In order to
increase and adjust the antenna resonant frequencies for
standard tri-band operation, two inverted-L-shaped resona-
tors are added to the antenna #1. The first resonator consists
of L, and W, is embedded above the coplanar ground plane
(antenna #2) as shown in Fig. 2(b) to operate at 5 GHz. The
second resonator consists of L, and W, is inserted above the
lower edge of the meandered radiator with distance s
(antenna #3) as shown in Fig. 2(c), which is designed to
operate at 4 GHz. As shown in Fig. 3, for the triple-frequency
bands structure (proposed antenna) shown in Fig. 2(d), we
have found that by properly adjusting the dimension of s to
be 2 mm the resonant frequency of 2.45 GHz can be deter-
mined by lower shift the frequency 3 GHz. On the other
hand, the resonant frequency at 1.6 GHz is shifted down to
become 1.54 GHz. The third frequency band from 4.1 to
5.95 GHz is mainly generated by the overlapping of the reson-
ance bands of the two resonators, depending on their dimen-
sions and locations.

The performance of the antenna is affected by several key
parameters. Figure 4 studies the parametric effects of the
two inverted-L-shaped resonators. Parameters W, and L,
are investigated to evaluate their impact on the antenna reson-
ance frequencies. The effect of each parameter is shown with
excluding the effect of the other ones. The effect of the param-
eter W, is shown in Fig. 4(a). From the shown figure, it can be

A
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Fig. 5. Simulated surface current distributions at different frequencies. (a) Conventional meander-line antenna, antenna #1 and (b) proposed antenna.
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Fig. 6. (a) Picture of the fabricated prototype. (b) Simulated and measured
reflection coefficients [S,,| of the proposed antenna.

seen that the 5 GHz-band can be generated and controlled by
adjusting the width W, of the first resonator. As W, increases,
the performance gets better, which is possibly due to increas-
ing the coupling with the feed line. Optimal result is obtained
for W, = 11.5 mm. Due to the indirect coupling with the
antenna radiator, it can be observed that the first resonator
has almost no effect on the conventional meander-line
antenna resonant modes. A similar effect can be found for
the length L, of the second resonator as shown in Fig. 4(b)
in which the 4 GHz band is generated. With the increase of
L,, the capacitance between the second resonator and mean-
dered radiator increases and the resonance frequency
becomes smaller. Moreover, it shows that the second band
of the conventional meander-line antenna shifts to lower fre-
quencies with increasing L,; while the first band is affected
slightly by changing the length of L,. This may be due to
the current distribution of the antenna is changed by changing
the current paths due to the direct coupling of the resonator
with the antenna radiator. The simulated results obtained in
Fig. 3 for the proposed antenna with and without the two
inverted-L-shaped resonators indicate that the wide band-
width from 4.1 to 5.95 GHz is mainly generated by the over-
lapping of the resonant frequencies of the two resonators.
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In order to better understand the antenna behavior, the
current distributions of the dual-band meander-line antenna
at frequencies of 1.6 and 3 GHz are simulated and shown in
Fig. 5(a). It can be clearly seen that the current is mainly dis-
tributes along the meandered radiator, and thus the resonant
modes at 1.6 and 3 GHz are excited. Longer current path is
observed for the lower resonant mode of 1.6 GHz. To investi-
gate the tri-band operation mechanism, the simulated surface
current distributions of the proposed antenna at the resonant
frequencies 1.54, 2.45, 4.25, 5.1, and 5.8 GHz are depicted in
Fig. 5(b). It can be seen that the surface current distributions
at the resonant frequencies are different. At 1.54 GHz, the
surface current distributions are mainly concentrated along
the meander-line and the second inverted-L-shaped resonator
consists of L, and W,, which longing the current path and
enables the proposed antenna to lower shift the first resonant
frequency of the conventional meander-line antenna from 1.6
to 1.54 GHz. Similar effect can be found for the frequency of
2.45 GHz, in which the longer current path enables the
antenna to lower shift the second resonant frequency from 3
to 2.45 GHz. In contrast, for the tri-band antenna, the
average length of current path, which enables the antenna to
resonate at the frequency band of 2.45 GHz, is shorter than
that of the lower frequency band of 1.54 GHz as expected.
This demonstrates that the meander-line and the second
inverted-L-shaped resonator are the key radiating elements
for the lower resonant modes. While at higher resonant
modes, the frequency of 4.25 GHz is mainly generated by
the second inverted-L-shaped resonator. Whereas the fre-
quency of 5.8 GHz is generate due to the effect of the first
inverted-L-shaped resonator consists of L, and W,. For the
middle frequency of 5.1 GHz, it can be clearly seen that the
current is almost uniformly distribute along the meandered
radiator and the two resonators.

V. RESULTS AND DISCUSSION

All simulations are performed using CST Microwave Studio
(MWS), an industry-standard software simulator which is
based on FIT (Finite Integration Technique) that is equivalent
to FDTD (Finite Difference Time Domain) method [32]. To
evaluate the performance of the proposed tri-band antenna,
a prototype is fabricated and measured. The photograph of
the proposed antenna is shown in Fig. 6(a). The reflection
coefficient [S,,| of the tri-band antenna was measured by
Agilent Vector Network Analyzer PNA-X Ns5242 with port
impedance of 50-(). A comparison of simulated and measured
reflection coefficients results is given in Fig. 6(b). Good agree-
ment is achieved between the simulation results and the mea-
sured data. The slight discrepancy between the simulated and
measured curves may be attributed to the errors of the man-
ufactured antenna. It can be seen form Fig. 6(b) that the pro-
posed antenna has three operating bands. The measured
impedance bandwidths, which are defined by the reflection
coefficient of —10 dB are 150 MHz (1.48-1.63 GHz, 9.61%)
at the center frequency of 1.56 GHz, 230 MHz (2.25-
2.48 GHz, 9.74%) at the center frequency of 2.36, and
1.78 GHz (4.22-6.0 GHz, 34.83%) at the center frequency of
5.11 GHz. These characteristics meet the required bandwidth
specifications of 1.575 GHz GPS L1, 2.4 GHz WLAN, and
5 GHz HIPERLANY/2 applications.
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Fig. 7. Simulated and measured co- and cross-polarization normalized radiation patterns of the proposed antenna in both xz- and yz-planes at frequencies of (a)

1.56 GHz, (b) 2.36 GHz, and (c) 5.8 GHz.

The simulated and measured co-polarization and cross-
polarization normalized radiation patterns of the proposed
antenna in both xz-plane (E-plane) and yz-plane (H-plane)
at frequencies of 1.56, 2.36, and 5.8 GHz are illustrated in
Fig. 7. The patterns in the xz-plane are nearly omnidirectional
at all frequencies, and monopole-like patterns in the yz-plane
plane are also obtained. The high-level cross-polarizations in
the yz-plane are mainly due to the current distributions at
the top of the meandered radiator, which are perpendicular
to the direction of the main radiation current as shown in
Fig. 5(b). The discrepancy between the simulated results and
the measured ones is due to the connector existence and the
edge diffraction from the antenna edges and some minor
imperfections in the Anechoic Chamber (NSI near-field
Anechoic Chamber system in this case). On the other hand,
the asymmetry of the ground plane and its small size can
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cause the currents to flow back to the outer surface of the
feeding cable (standard 50-() lossless cables in this case),
resulting in some ripples, which appear clearly at 5.8 GHz,
the higher resonant frequency. Regarding to the feeding
cable effect on the measurement accuracy of the reflection
coefficient |S,,|, it may results in some minor errors as touch-
ing or moving the cable (semi-flexible in this case), also |S,,|
measurements are not done in Anechoic Chamber, so multi-
path and loading effects may have some effect. However, these
errors will not be large enough to alter the general character-
istics of the |S,,| behavior or the main resonance frequencies
locations.

The simulated realized gain and efficiency of the designed
antenna is shown in Fig. 8. The antenna gains are about 0.8,
1.6, and 2.9 dBi for the 1.54, 2.45, and 5.4 GHz bands, respect-
ively. The maximum gain observed is 3.4 dBi at the frequency
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NA
NA
NA
NA
NA
70/90/87

—3.5/—1.5/—2
2.02/1.69/2.52
1.8/4.3
2.53/2.82/2.72
0.8/1.6/2.9

1.1/2.9

120/4900
110/30/90
500/700/2370
2200/5200
430/730/310
50/180/1850

1.5/4.9
1.5/1.8/2.45
2.6/3.6/5.5
6.2/10.2
2.4/3.5/5.8
1.54/2.45/5.1

28.5 X 44 (0.14A, X 0.22A,)
25 X 24 (0.13A, X 0.121,)
21 X 31 (0.18A, X 0.27A,)
15 X 15 (0.31A, X 0.31A,)
23 X 36.5 (0.18A, X 0.29A,)

15 X 35 (0.081, X 0.181,)

Proposed work

[11]
[12]
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Table 3. Comparison of proposed antenna’s size and performance with referenced ACS-fed multi-band antennas.

Published Size (mm?*) (W X L) Operating frequencies 10 dB impedance Gain variation Rad. efficiency
literature (GHz) BW (MHz) (dBi) (%)

[14] 24.5 X 37.5 (0.154, X 0.23A,) 1.8/2.4 180/162 1.08/1.21 73/83
[15] 19 X 35 (0.154, X 0.28A,) 2.4/3.5/5 120/320/1750 1.1/2.3/3/1 NA

[16] 13 X 27.5 (0.11Ay X 0.23A,) 2.45/3.5/5.8 180/510/1230 0.7/1.95/2.36 NA

[17] 12 X 17 (0.10A, X 0.14A,) 2.4/5.8 160/200 1.82/2.2 NA

[18] 12 X 20 (0.14A, X 0.23A,) 3.5/5.8 700/600 2.3/2.8 NA

[19] 10 X 18.5 (0.08A, X 0.15A,) 2.4/3.5/5.2 160/250/340 1.60/1.77/2.13 NA

[20] 12 X 32 (0.10A, X 0.26A,) 2.4/3.5/5.5 340/390/1110 0.94/1.45/2.61 NA

[21] 12 X 26.5 (0.10A, X 0.21A,) 2.4/3.5/5.8 170/300/400 1.73/ 1.93/ 2.39 NA

[22] 12 X 22.1 (0.10A, X 0.18A,) 2.4/3.5/5.7 90/310/1460 1.79/ 2.12/ 2.43 NA

[23] 12 X 23 (0.10A, X 0.18),) 2.4/3.5/5.5 150/330/1040 0.77/ 1.98/ 1.56 40/60/70
[24] 14 X 26 (0.12A, X 0.22A,) 2.5/5.2/8 285/380/3500 —2/0/2 80/84/87
[25] 17.2 X 30 (0.11A, X 0.19A,) 1.9/3.35/5.9 250/300/1800 1.5/3/6 NA

[26] 13.4 X 22.7 (0.12A4 X 0.20A,) 2.6/4.25/5.8 250/3100 1.3/1.8/4.0 NA

[27] 10 X 17.5 (0.08A, X 0.14A,) 2.35/3.5/5.8 120/450/1500 1/1.5/5 NA

[28] 17.2 X 30 (0.11A, X 0.19A,) 1.86/3.35/5.3 120/550/1800 NA NA

[29] 13 X 30 (0.11A, X 0.11A,) 2.4/3.5/5.6 150/420/1200 1.1/2.2/2.7 NA

[30] 14.75 X 26 (0.12A, X 0.21A,) 2.36/3.75 320/900 1.1/1.6 70/ 75
[31] 5.7 X 35 (0.05A, X 0.28A,) 2.4/5.8 80/250 1.6/3.4 NA
Proposed work 15 X 35 (0.08A, X 0.18),) 1.54/2.45/5.1 50/180/1850 0.8/1.6/2.9 70/ 90/ 87

compact 15 x 35 mm*> ACS-fed tri-band meander-line
antenna is presented in this paper.

V. CONCLUSION

A simple and compact ACS-fed antenna has been designed
using a meandered radiating structure and two inverted-L-
shaped resonators. Parametric studies to show the effect of
dimensions of the inverted-L-shaped resonators in the mean-
dered radiating performance have been performed and dis-
cussed. The antenna can achieve three sufficient impedance
bandwidths cover the 1.575 GPS L1, 2.4 GHz WLAN, and
5 GHz HIPERLAN/2 operating bands, with good radiation
characteristics, reasonable gain, and high efficiency. Finally,
it can be concluded that using the meandered structure and
the ACS feeding scheme can provide miniaturization in
printed antenna size compared with conventional CPW-fed
antenna working in the same frequency bands, which has
advantages of easy integration into printed circuit boards.
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