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This paper presents a novel dual-band planar inverted-e-shaped antenna (PIEA) using defected ground structure (DGS) for
Bluetooth and wireless local area network (WLAN) applications. The PIEA can reduce electromagnetic interferences (EMIs) and
it is constructed on a compact printed circuit board (PCB) size of 10 × 5 × 4mm3. Experimental results indicate that the antenna
with a compact meandered slit can improve the operating impedance matching and bandwidths at 2.4 and 5.5GHz.The measured
power gains at 2.4 and 5.5GHz band are 1.99 and 3.71 dBi; antenna efficiencies are about 49.33% and 55.23%, respectively. Finally,
the good performances of the proposed antenna can highly promote for mobile device applications.

1. Introduction

In recent years, wireless local area networks (WLANs) have
tremendously advanced. The WLAN facilitates the wireless
connection between laptop computers, mobile devices, and
other equipment within a local area. Small volume antennas
are highly attractive for Bluetooth and wireless local area
network (WLAN)/worldwide interoperability mobile access
(WiMAX) applications [1–4]. Additionally, the frequency
bands located around 2.4GHz and 5GHz have been widely
used in Bluetooth and WLAN/WiMAX simultaneously. A
multiband antenna is thus more efficient than multiple
antennas specifically designed to operate on each frequency
band.

Dual-band antennas, composed of a pair of dipoles or
of a T-shaped monopole, have been presented to cover the
frequency band of 2.4 and 5GHz in [5, 6]. According to [7–
15], the meander slit antenna includes many basic folded ele-
ments in various patterns and it can produce various resonant
frequencies markedly lower than resonances frequency of a
single-element antenna under the same length. Apparently,
owing to the various current cancellation and reinforcements,
a larger number of higher resonances frequencies can occur
on a meander monopole antenna than on a simple monopole
of the same length [7–11]. The antenna with a meandered

slit can reduce the tag sizes. Moreover, meandered slit can
use open-end slots in the ground plane, generally located
under the radiating patch. The size reduction method is
highly promising for implementing practical antenna. Previ-
ous work [12–15] described the feasibility of using a slotted
ground plane for broadening the operational bandwidth of a
small terminal antenna.

Additionally, due to their small size, the planar inverted-
F antennas (PIFAs) or monopole antennas have a narrow
bandwidth, especially at 5GHz band. Numerous dual-band
designs have been developed for WLAN and Bluetooth
applications [16, 17]. Our previous studies have established
that dual-band F-shaped monopole antennas are character-
ized by a simple geometrical structure that assures a small
volume, a low cost, and a simple integration on a circuit
board, as required by the modern handset terminals [18, 19].
Recent studies have also demonstrated the effectiveness of
the WLAN antennas using an inverted-F strip integrated
on the circuit board of a communication device in further
reducing the antenna volume and decreasing the fabrication
cost. Therefore, owing to its sufficient bandwidth, radiation
efficiency, power gain, and electrostatic discharge (ESD) pro-
tection, the PIFA is highly attractive for WLAN applications
[20].
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Figure 1: Proposed dual-band meander inverted-e-shaped antenna.

This work presents a planar inverted-e-shaped antenna
(PIEA) based on a flaw earth structure to increase the band-
width of PIFA.The shape of the antenna resembles that of the
inverted alphabet e, explaining why the antenna is referred
to as an e antenna. The radiating part is shorted with the
ground plane to reduce the antenna size. Moreover, with its
satisfactory gain, the proposed PIEA can be accommodated
in small card shaped areas for different compact wireless
systems. The proposed antenna can also be considered as
a miniaturized and low-cost antenna model, applicable for
many small wireless systems requiring an omnidirectional
radiation pattern.

2. Antenna Design

Figure 1 shows the configuration of proposed dual-band
inverted-e-shaped antenna. All of the electromagnetic anal-
yses have been performed using a software package of Ansoft
high frequency structure simulator (HFSS), based on the
three-dimensional finite element method (3D FEM).The size
of a ground plane is 70 × 40mm2 considered as the printed
circuit board (PCB) of a practical handset, and the metal is
only printed on the front surface of an FR-4 substrate with
relative permittivity 4.6 and height of 0.8mm. The antenna
has a compact size of 10 × 5 × 4mm3. Figure 2 shows the
geometrical configuration with the designed shapes of L, U,
and e. Figures 2(a), 2(b), and 2(c) show the top view of the
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1
= 10mm,𝑊

2
= 9mm,𝑊

3
=

7.75mm,𝑊
4
= 7.15mm,𝐿

1
= 5mm,𝐿

2
= 3.5mm,𝐿

3
= 2.5mm,

𝐿
4
= 0.65mm, 𝑆

1
= 0.5mm, 𝑆

2
= 0.25mm, 𝑆

3
= 0.25mm, 𝑆

4

= 0.25mm, and 𝑆
5
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shaped structure can obtain the resonance at 2.4 and 5.8GHz
in the small area. The structure causes the cancellation of the
current due to the length of the proposed antenna longer than
the quarter free-space wavelengths (31.25mm) at 2.4GHz,
which results the total length is 41mm. According to the
side view of the designed antenna shown in Figure 2(d), the
distance of 𝐷 between the feeding point and the shorting
point is 4.5mm, while the distance between the ground plane
and the radiating structure is 4mm.

The conventionalmeandered slit antenna produces a wire
configuration presenting capacitive and inductive reactance
effects, which mutually cancel out each other. Resonance
frequencies are therefore produced at markedly lower fre-
quencies than those in the case of straight wire antenna of
the same height at the expense of a narrow bandwidth and
low gain, especially when the antenna must be arranged in
a surface of few square centimeters. The proposed planar
inverted-e-shaped antenna (PIEA) uses a meander slit with
a DGS, in which an “e” folding of the meandered slit
confers to the radiating structure which differs from that of
a conventional straight dipole of the same length. Moreover,
the lowest resonant frequency can be tuned using the same
tuning elements.
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Figure 2: The geometry of designed ((a), (b), and (c)) top view and (b) side view of planar inverted-e antenna.
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Figure 3: The geometry of the designed top view of proposed DGS.

As mentioned earlier, the proposed antenna consists of
an inverted-e-shaped meander slit with a rectangular DGS.
Figure 3 schematically depicts the proposed DGS. A previous
work [12–15] has shown that the size and shape of the chassis
could play a significant role in broadening the bandwidth
of a terminal antenna. This means that slits in a ground
plane could facilitate efforts to optimize the bandwidth of the
antenna.

Figure 4 shows the simulation S-parameters for the
various antenna shapes of L, U, and e. It is clearly observable

that the return loss is changed for three designs. In the U-
shaped structure, slit is added to lengthen the path of the
average current for the resonance frequency at 3 and 7.4GHz.
In the e-shaped structure, the small area can obtain the
resonance at 2.4 and 5.99GHz.

The simulated real and imaginary impedance of pro-
posed PIEA without DGS in the ground plane are shown
in Figures 5(a) and 5(b). In order to change the resonant
frequencies, we adjust the capacitor and inductor parameters,
in the antenna circuit. Moreover, the real and imaginary
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Figure 4: The simulation return losses results for the proposed L, U, and e-shaped slit S-parameter.
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Figure 5: Simulation results of proposed slit shaped (a) real and (b) imaginary impedance.

impedance part of its admittance are approximately 50 and
0Ohm, respectively, according to simulation results.

The simulated results of the antenna are shown in Figure 6
by the tuned parameters of D in Figure 2(d) and Dw in
Figure 3, respectively. From Figure 6(a), we can see that
the optimal distance of D is 4.5mm to obtain the better
impedance matching. Moreover, the better bandwidth can be
achieved to adjust the distance of Dw at 1.5mm as shown in
Figure 6(b).

Figure 7 shows the simulated reflection coefficient 𝑆
11
of

proposed PIEA without DGS and with DGS in the ground
plane. According to this figure, the proposed antennawithout
DGSpresents two resonant peaks (see dotted line in Figure 7).
In particular, the first peak appears at about 2.45GHz with

a return loss of −11 dB, while the second peak appears at
5.99GHz where a return loss of about −27 dB is found.
From Figure 7 it appears that a bandwidth of 0.63GHz
(5.6–6.23GHz) is obtained only in the neighborhood of
5.99GHz. A different frequency behavior is observed for the
radiating structure equipped with DGS. In fact, in this case
the two peaks in the curve of the return loss (solid line in
Figure 7) are equal to about −14.9 dB at 2.4GHz and about
−18.2 dB at 5.62GHz, respectively. The bandwidths of these
frequencies are approximately 0.06 (2.39–2.45) and 0.9 (5.22–
6.12) GHz, respectively. Numerical results indicate a fairly
good impedance matching of the proposed PIEA with DGS,
excellent broadband characteristics, and enhanced resonant
performances.
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Figure 6: Simulation results by tuned parameters to the distance between (a) feeding and shorting plate. (b) DGS and inverted-e-shaped
edge.
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Figure 7: The simulated return losses 𝑆
11
for the proposed PIEA with DGS and without DGS in the ground plane.

3. Results and Discussion

To demonstrate the performances of the proposed PIEA, a
prototype antenna which is performed by numerical simu-
lation has been realized as shown in Figure 8. Constructed
on a FR4 substrate having 𝜀 = 4.6 and height = 0.8mm,
the fabricated antenna was measured in 3D anechoic cham-
ber using the Agilent E5071C Network Analyzer. Figure 9
shows the simulated and measured reflection coefficients
𝑆
11
. The measured bandwidths at return loss of −10 dB

are 83 and 675MHz at the center frequency of 2.44 and
5.5GHz, respectively. This figure reveals that the measured
reflection coefficient of 𝑆

11
is rather close to the simulation

results of 𝑆
11
. Above results indicate that the antenna is well

matched to 50Ω presenting bandwidths that are adequate for
applications working at 2.4 and 5.5GHz.

Figures 10(a) and 10(b) display the surface current distri-
butions of the proposed antenna at the working frequency
of 2.4 and 5.5GHz, respectively. Figure 10 indicates that a
stronger current distribution in an inverted-e-shaped stub
than any other area implies, for the antenna impedance
matching, a closer relation of the voltage to the current at the
input to the antenna.

Figure 11 shows the measured 2D radiation power pat-
terns in the X-Z and X-Y plane at 2.402, 2.441, 2.45,
2.48, and 5.5GHz band. The proposed antenna has an
almost monopole-like of radiation pattern in the X-Z (cross-
polarization) and X-Y (co- and cross-polarization) plane
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Figure 8: Numerical simulation and experimental measurement return losses for the proposed PIEA with DGS.
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Figure 9: Photograph of the fabricated planar inverted-e-shaped antenna with DGS.
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Figure 10: Current distributions at (a) 2.4GHz and (b) 5.5 GHz.
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(b) At 2.441 GHz
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Figure 11: Continued.
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Figure 11: The measured 2D radiation patterns of the proposed antenna.

due to the meander slit of a full-wavelength radiator. The
antenna also exhibits a better directivity radiation power
gain pattern at X-Z (copolarization) plane. Our proposed
antenna is an asymmetric architecture from the current
distributions shown in Figure 10(a). The reference direction
is along the direction of maximum current in the radiating
structure and a stronger radiation pattern can produce on
the copolarization. The obtained radiation patterns are near
omnidirectional in X-Z plane, and the radiation patterns
exhibit monopole-like patterns in the X-Y plane. Above
experimental results indicate that the maximum antenna
power gains at 2.4 and 5.5GHz band are 1.99 and 3.71 dBi;
in addition, antenna efficiencies are 49.33 and 55.23%,

respectively. Measurement results demonstrate that the radi-
ation characteristics of the proposed antenna at the operating
frequencies of 2.4 and 5.5GHz are quite stable.Themeasured
peak gain and antenna efficiency for the e-shaped antenna
are plotted in Figure 12. The peak gain is about 2∼2.2 dBi
for the lower band and 0.9∼3.7 dBi for the upper band.
The antenna efficiency is about 40% for the lower band
and 40∼55% for the upper band. In general, the measured
radiation patterns of horizontally polarized omnidirectional
cover complementary space regions.Therefore, the proposed
antenna can provide pattern diversity in a wireless communi-
cation system.The proposed antenna can satisfy the required
specifications of fixed and mobile devices.
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4. Conclusion

A novel planar compact meander inverted-e-shaped antenna
with a DGS size of 10 × 5 × 4mm3 in the ground plane
has been presented. The proposed antenna with DGS can
enhance the antenna performance in terms of its suppressed
broadened impedance bandwidth. The measured antenna
efficiencies at 2.4 and 5.5GHz are about 49.33 and 55.23%,
respectively. Additionally, experimental results correlate well
with the simulation results. Moreover, desired characteristics
such as excellent radiation patterns, moderate antenna gain,
and low cost make the proposed antenna highly promising
for Bluetooth and WLAN/WiMAX applications.
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