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Small Dual-Band Planar Antenna with Folded Patch Feed
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Abstract: A novel small dual-band folded planar antenna for WLAN/Bluetooth applications is introduced,
formed by modifying the geometry of a rectangular patch antenna to include a shorting wall, folded patch
feed and a slot. The size of the antenna is successfully reduced to a volume of 15 × 12 × 7 mm3. The
impedance bandwidth achieved were 3.29% and 28.4% (equivalent to return loss # -10 dB) for lower and
higher frequency respectively; these covers the IEEE 802.11a, IEEE 802.11b, IEEE 802.11g and IEEE
802.11n (MIMO) bands for wireless communication and future 4G wireless operation of mobile VoIP/Vo
WLAN handset phone. Details of the proposed antenna characteristics, including impedance bandwidth,
VSWR, gain and far field radiation patterns are presented and discussed. The tuning effects of the
geometry parameters on impedance matching of the proposed antenna are also investigated.   
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INTRODUCTION

Nowadays, modern mobile devices are becoming
more and more complex. With the rapid growth of
wireless communication systems, the demand for
antennas with small size, broad bandwidth, high power
gain and high efficiency has increased considerably.
The attractive features of internal mobile antennas
include low profile, low specific absorption rate (SAR),
conformal and compact shape, low cost and easy
integration into planar circuits[1]. Wireless local area
networks (WLAN) are being widely recognized as
viable, cost effective and high speed data connectivity
solution, enabling user mobility. The developments in
WLAN technologies demand the integration of IEEE
802.11 WLAN standards of the 2.4 GHz (2400-2484
MHz), 5.2 GHz (5150-5350 MHz) and 5.8 GHz (5725-
5825 MHz) bands into a single unit. To comply with
the above requirements, compact high performance
multiband antennas with good radiation characteristics
are required. Also, a dual/multiband antenna is better
than a wideband antenna if both of them are required
to cover two frequency bands that are far away from
each other.

Printed inverted-F antenna designs have low
profiles, good radiation characteristics, and wide
bandwidth[2]. This makes PIFA an attractive choice for
antenna designs targeting various mobile wireless
systems. However, the higher order resonant
frequencies of the standard PIFA design are not within
the range of its fundamental resonant frequency. In

addition, both the radiation performance and the return
loss of a standard PIFA may be render it inefficient for
use at higher order resonant frequencies[3]. Therefore,
the PIFA structure has to be modified to achieve the
requirement of antenna for many modern
communication systems. 

Several methods have been reported to develop this
type of antenna. They involved configuration of
multiple strips design[4], cutting a special slot[5] and
using stacked structure[6]. Although these antennas has
dual/multiband characteristic, its impedance bandwidth
of each frequency band is less than 10%. In order to
tackle this problem, a bandwidth widening technique is
needed. Recently, a new feeding technique has been
proposed namely folded-patch-feed. With the folded
patch feed design; the patch connected to the probe is
folded downward which shortened the probe length,
leads to a smaller probe inductance, thus widening the
impedance bandwidth of the antenna[7]. Many others
studies have been devoted and well illustrated in many
existing published paper, See et al[9], Janapsatya et al[10]

and Guo, et al[11].
In this paper, a novel dual-band planar antenna is

presented that consists of a double-L slot facing each
other when viewed from the top configured together
with folded-patch-feed and a shorting wall is presented.
All these modification will strongly contribute to
reduce antenna size and broaden the bandwidth,
compared with a simple patch. The geometrical
configuration, the size and the position of the probe
feed are the most significant factors to help realize the
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desired dual band operation covering both 2.4 GHz and
entire 5 GHz bands. Furthermore, the proposed antenna
has good characteristics of radiation pattern and gain
for WLAN/Bluetooth applications. 

MATERIAL AND METHODS

Planar antennas are easy to construct from a single
metal plate and introducing proper cuts in radiating
structure to obtained different resonating paths.
Recently, folded radiation elements has been widely
used by the researcher as the needed of compactness
has become very demanding. Folded patch feed, a
special feeding technique and particular slot
configuration is designed in order to obtain an
acceptable compromise between compact dimension
and good performance.

The initial geometry of the proposed antenna was
first designed implementing the equations from the
transmission line model (TEM) approximation in which
radiating element is viewed as a transmission line
resonator with no transverse field variations. The
approximation states that the width and length of the
patch antenna can be modeled according to the
specified central frequency by using the following
equations[8]:
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Where W is the width of the patch, L is the length
of the patch,  l is the additional length on each end
due to the fringing field along the widths, εr is the
dielectric constant of the substrate, εe is the effective
dielectric constant, c is the speed of light in vacuum,
fo is target frequency and h is the thickness of the
substrate.

The configuration of the proposed patch antenna is
illustrated in Fig. 1. The proposed antenna design
dimension is 15 × 12 × 7  mm3 which has been

optimised to operate within the WLAN frequency
range. The whole radiating element is centered on top
of 57 × 52 mm2 ground plane. The radiating patch
including the shorting wall is made of 0.2 mm copper
sheet and the substrate of the whole proposed antenna
is air. The idea of using copper plate is to have an
antenna that can be easily integrated on top of the
circuit board of mobile devices in order to reduce
packaging cost. The antenna is supported by the
coaxial probe and the shorting wall. A shorting wall is
connected to the ground plane, which is mainly used to
reduce the overall size of the antenna. The shorting
wall width also used as a key parameter in tuning the
antenna to the desired frequency resonance.

The probe feed with diameter 0.8 mm is located
on the horizontal central line of the folded patch feed
with 10 mm away from the left edge. A longer probe
length will cause more probe inductance. With the aid
of folded patch feed design, the probe length is
shortened, leading to a smaller probe inductance. It is
important to note that the overall height of the
proposed antenna is 7 mm, whereas the length of the
probe used is only 4 mm. Therefore a thick antenna is
achieved without increasing the probe inductance. This
helps to widen the impedance bandwidth of the antenna
significantly. The horizontal section of the feeding plate
increases the capacitance at the feed point to
compensate for the increase in the inductance owing to
the long probe across a broad impedance bandwidth.
Further enhancement of impedance bandwidth is
achieved due to the extra electromagnetic coupling
between folded patchof the design. The proposed
antenna has double-L slot structure when viewed from
the top. This specific shape allow us to obtain a
satisfactory matching across the frequency band of
interest. A probe length of 4 mm was set to define the
distance between the radiating patch and the ground
plane that determines the antenna’s impedance match.
The probe length keeps the real part of the input
impedance close to 50.

The first resonance is mainly determined by the
size of the L-slot of the upper patch, while the second
resonance is mainly governed by the size of the lower
patch, which is also associated with the second L-slot.
The slot also appears to introduce a capacitive
reactance which reduces the inductive reactance of the
probe.  

RESULTS AND DISCUSSIONS

The proposed antenna has been analyzed and
optimized using 3D Electromagnetic Field Simulator
(CST Microwave Studio 2009). The corresponding S11
parameter of the proposed antenna is depicted in Fig.
2. Obviously, two dips are clearly seen at frequency of 
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Fig. 1: Geometry of proposed antenna (a) top view (b) side view (c) 3D view

Fig. 2: Return loss of the proposed antenna

2.45 GHz and 5.5 GHz. The lower mode has an
impedance bandwidth (# -10dB return loss) of 80 MHz
(2.39-2.48 GHz), or about 3.29% with respect to the
center frequency of at 2.43 GHz, while for the higher
mode, a wider continuous bandwidth has been reached
to be 1425 MHz (5.03-6.45 GHz), or about 24.8%
referred to the best resonance frequency at 5.74 GHz.

The obtained bandwidths can sufficiently cover the
bandwidth requirement for WLAN standards IEEE
802.11a (5.15-5.35 GHz and 5.47-5.825 GHz), IEEE
802.11b/g (2.4-2.484 GHz) and IEEE 802.11n (2.4-
2.484 GHz, 5.15 -5.35 GHz and 5.47-5.825 GHz). 

Fig. 3(a) and (b) illustrates the SWR and
maximum antenna gain for frequencies across both of 

1977



J. Appl. Sci. Res., 6(12): 1975-1980, 2010

Fig. 3: SWR and gain of the proposed antenna

Fig. 4: Radiation pattern (a) x-y plane at 2.4 GHz (b) x-y plane at 5.5 GHz (c) y-z plane at 2.4 GHz (d) y-z
plane at 5.5 GHz

the operating bands. The maximum 7dB gain is
achieved in higher frequency band with SWR 1.0467,
which is nearly 1 (absolute impedance matching). This
shows almost all input power has been transmitted to
the patch. In the 2.4 GHz band, the peak gain reaches
about 2.507 dB. The low gain in the 2.4 GHz is

mainly caused by the cancellation of the current by the
meandering structure to reduce the dimension of the
proposed antenna. 

E and H plane of radiation pattern patterns of the
proposed antenna at 2.45GHz and 5.5GHz has been
shown  in  Fig. 4. It can  be  seen  that the radiation 
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Fig. 5: Effect of simulated return loss (a) Loss with varying width of the upper L-slot (b) Loss with varying
width of the shorting wall (c) Loss with varying feed position

patterns in x-y plane are nearly Omni directional, and
in the y-z plane symmetrical radiation patterns are
clearly seen due to the structural symmetry. The
advantage of symmetrical radiation pattern is that the
maximum power direction would always be at the bore
sight direction and would not shift to any different
direction across the frequencies.

A parametric study on the proposed antenna has
been performed to investigate the effects of the antenna
parameters on the impedance matching. In Fig. 5 (a),
the lower and upper edge frequencies are affected by
changing the width of upper L-slot. By decreasing the
width slot, the upper edge frequency experiences better
matching but reduce the matching for the lower
resonance. Furthermore, clearly seen from the figure,
by decreasing the width slot also will shifting the
frequencies about 50 MHz especially for lower
resonance. Thus, 2 mm for the width of upper L-slot
is chosen as an optimum value this antenna design. As

shown in Fig. 5 (b), the width of the shorting wall
equal to 3 mm is used as the control model. Increasing
the width of the shorting wall will increase the
resistance and inductance for both resonances result in
deterioration in the matching, thereby also resulting in
reduction of the bandwidth. In addition, by decreasing
0.5 mm width from the control model, the upper
frequency resonant will be shifted.

Fig. 5 (c) shows the effects of the return loss with
varying the distance of the feeding point from the
folded edge. As can be seen from the figure, the
impedance matching is very sensitive at the upper
frequency with the changes of the feed position. But,
the sweeping effects does not change the lower
frequency very much. By decreasing the distance of the
feed position, bandwidth diminishing for the upper
frequency is also experienced. Hence, an optimum
value of 4 mm for the distance of the feed position
from the folded edge is chosen for the antenna design.
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Conclusion: A compact double-L slot patch antenna
configuration with folded patch feed has been designed
in this paper. The particular feeding technique, the
optimized shape of the patch slot and folded structure
made it possible to satisfy VSWR and radiation pattern
requirements in the pertinent frequency band of 3.3%
and 28% bandwidth covering dual frequency range
from 2.39-2.48 GHz and 5.03-6.45 GHz. The proposed
antenna with enhanced performance is suitable to be
deployed on the wall or ceiling in an indoor
environment. Despite the small area and thickness, this
antenna can be made from copper sheet, therefore it is
easier to fabricate.
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