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Abstract
In order to satisfy the requirement of dual frequency, a novel 
and simple dual-band microstrip antenna using defected 
ground structure for wireless local area networks (WLAN) 
wireless communication (at 2.4 and 5 GHz) is presented in 
this paper. The proposed antenna consists of a microstrip-fed 
line ended with two different rectangular patches on the front 
the side, and a modified rectangular ground with a parasitic 
pentagonal ground plane on the other side. The designed 
antenna is very compact, which has a total size of only 20×10×1 
mm3 and is printed on FR-4 epoxy substrate (εr=4.4). Details 
of the proposed antenna design are presented and discussed, 
which can be a good candidate for the requirement of WLAN,   
operating in 2.4 and 5GHz.

Keywords
Dual band antenna, microstrip monopole antenna, WLAN 
antenna.

I. Introduction
Recently, wireless communication is very attractive techniques 
for wireless Internet access and has gained a wider and wider 
popularity. There are several standards already for WLAN 
applications, such as IEEE 802.11a and IEEE 802.11b/g. The 
band ranges from 2.4GHz to 2.484GHz for IEEE 802.11b/g 
and the frequency bands of 5.15 to 5.35GHz and 5.725 to 
5.825GHz for IEEE 802.11a have received wider attention. 
To meet these standards, there is a need for designing a 
multi-band  antenna that can cover all these bands. Compact 
printed monopole antenna is essential candidates for the 
application in WLAN; UWB and RFID applications because it 
has wide impedance bandwidth, Omni-directional radiation 
pattern, compact size, low cost, light weight, less fragile, low 
profile and finally, the fabrication methodology are simple. 
So far, numerous monopole antennas have been reported in 
literature, by employing various the feeds such as the probe, 
the microstrip, and the coplanar waveguide (CPW), and various 
the designs for example, F-shaped and T-shaped slot planar 
antenna, fractal, loop and inverted-F antennas, etc [1-8]. In 
this letter, a novel compact microstrip-fed monopole antenna 
for WLAN applications is presented. The radiating element 
was improved by using two different rectangular patches 
and also the ground plane was modified by using a parasitic 
pentagonal ground plane. By changing related parameters of 
the introduced structure, dual-band characteristics can be 
adjusted easily and by properly selecting the dimensions of 
the proposed antenna, good dual-band impedance bandwidth 
and radiation characteristics suitable for the wireless local-area 
network (WLAN) 2.4/5.2/5.8 GHz operations can be achieved. 
Details of the proposed antenna configuration, simulated and 
experimental results will be carefully examined and discussed 
in the following two sections. 

II. Antenna design 
The geometry and configuration of the proposed planar 
monopole antenna with its dimensional parameters for dual-
band is shown in fig.1. The structure of antenna is simple 
to design and to achieve a stable bandwidth for dual-band 
operations at the center frequencies of 2.4, 5.2, and 5.8 GHz, 
respectively. In this design, the radiator and ground plane 
are etched on the opposite sides of an FR4 epoxy substrate 
with parameters of overall size (LS×WS) 20×10mm2, relative 
permittivity (εr) of 4.4 and thickness (h) of 1mm and is fed by 
a microstrip line which has connected connector SMA 50 ohm 
to the patches.
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Fig. 1: Geometry of the proposed antenna with its design 
parameters (a). top view, (b). bottom view

The antenna consists of two the rectangular patches with 
dimensions (LP1×WP1) 4×6mm2 and (LP2×WP2) 5.5×8.5mm2, 
respectively, a truncated ground plane with an inverted 
triangular slot on it, and a parasitic pentagonal ground plate 
that it has a rectangular slot. The width (Wf) and length (Lf) of the 
microstrip feed line is 1mm and 9mm,  respectively. In addition, 
the two patches have a distance (KP) of 1.5mm between each 
other. The truncated ground plane plays an important role 
in the broadband characteristics of this antenna because it 
helps match the patches with the feed line at a wide range of 
frequencies. Also an inverted triangular notch with dimension 
of rule  (2×Wg1) 8mm and height (Lg1) 3.75mm is centrally 
embedded from the top edge of the ground element in order to 
improve the matching and also slightly reduces the lower-edge 
frequency [9]. As illustrated in fig. 1, the parasitic pentagonal 
ground plate is placed under the radiating patches and is also 
symmetrical with respect to the longitudinal direction. The effect 
of the parasitic ground is to create the resonance on the upper 
band (5GHz) that will be discussed more about it in the next 
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portion. The rectangular slot is removed from this parasitic plate 
as depicted in fig. 1. The antenna is located in x-y plane, and 
the normal direction is along the z-axis. Mentioned parameters 
are optimized using the finite element method and the popular 
simulator Ansoft High Frequency Structure Simulator (HFSS11) 
[10]. The presented antenna has been improved based on 
the background of the structure is presented in [ref. 11]. The 
proposed antenna size (20×10×1mm3) is about 21.6% of the 
antenna size (47×26×0.76mm3), which is presented in Ref. 
[11]. In fig. 2 photograph of fabricated antenna is shown.

Fig. 2:  Photograph of the fabricated antenna

In the next section will see that tuning the several essential 
parameters of the proposed antenna, bandwidth and the 
resonant frequencies can be controlled and adjusted on the 
lower band and also the upper band.

III. Results and discussion
In the first of this section is discussed about the current 
distribution at three frequencies of 2.4, 5.2, and 5.8 GHz for 
the proposed antenna as shown in fig. 3 and then a series of 
parametric studies is carried out to achieve antenna desired 
performance, particularly tuning the resonant frequencies and 
the reflection coefficient characteristics. The parameters of 
proposed antenna are studied by changing one parameter 
at a time and fixing the others. At the end of this portion, the 
simulated and experimental results of the reflection coefficient 
and radiation characteristics are presented. As depicted in fig. 
3, the current distribution at two frequencies of 2.4, and 5.8 
GHz are shown. It can be obtained that current distribution on 
the patch and the feed line at 2.4 GHz frequency are absolutely 
in the same direction and without any phase difference. 
This shows that the current distribution has been flowed in 
the dominant mode. As mentioned in previous section, the 
proposed antenna was printed with feed line width of Wf=1mm, 
on the FR4 substrate with εr=4.4 and thickness of h=1mm. On 
the lower frequency band i.e. 2.4GHz, whole the lengths of the 
feed line and the two patches, (LS=Lf+LP1+KP+LP2), which are 
20mm resonate with λ/4 wavelength. For proving this task, it 
is helped with the formulas referred to [11].
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The resonant frequency for the λ/4 wave length is calculated 
almost 2.597 GHz that by considering the simulated resonant 
frequency (2.64GHz), there is a trivial mismatches between 
them which is acceptable. Meanwhile the effect of coupling 
patches with the grounds is completely illustrated in fig. 3(a) 
with a 180 degree phase difference between the current 
directions of the patches and the grounds.

  
             (a)                              (b)
Fig. 3: Simulated current distribution of the proposed antenna 
at frequencies (a). 2.4, (b). 5.8GHz.

The distribution of surface current at the 5.8 GHz frequency is 
depicted in fig. 3(b) With regard to the fig. 3(b), the 180 degree 
phase difference on the direction of the currents in the parasitic 
ground (C points) is clearly apparent which shows the creation 
of a resonance by the parasitic ground. For realizing more this 
fact it is needed to be observed the effect of parasitic ground 
on the reflection coefficient by the simulator software (fig. 4). 
As shown the distribution current at the 5.8 GHz frequency in 
the fig. 3(b), the second resonance or the upper frequency band 
is made by the parasitic ground or it can be said that without 
the parasitic ground there is no upper band to cover the 5.8 
and 5.2 GHz WLAN. To prove this statement, can refer to fig. 
4 which shown the effect of parasitic ground on the reflection 
coefficient.
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Fig. 4: Simulated reflection coefficient curves of antenna with 
and without parasitic ground.
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As you remember it was said in the fig. 3(a) that the current 
distribution does not change the phase in the feed line and two 
rectangular patches and by the formulas (1 to 4) was depicted 
that it is excited by λ/4 wave length. Now to consider the effect of 
Lf on the reflection coefficient, the different values are allocated 
to it. Note when Lf parameter changes other parameters such 
as LP1, LP2 and KP are fixed. From fig. 5 can be concluded that 
by increasing the length of Lf, the starting point of the lower 
band or resonant frequency of the lower band is decreased. 
This behavior is compatible with the   formula 4. Another point 
that by changing values of Lf, bandwidth of the upper band is 
disturbed. This is because of the parasitic ground is fixed that 
causes matching and coupling on the upper band be low.
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Fig. 5: Simulated reflection coefficients for the proposed  
antenna with change the dimensions of Lf

By considering the fig. 6, the effect of KP is more obvious on the 
upper resonance. By increasing the KP, the resonant frequency 
on the upper band decreases significantly. As was previously 
said and with regard to fig. 3(b), the resonance is made by 
the parasitic ground which is distinguished by C points and 
squares. By changing values of KP the length and location of 
resonance (C points) on the parasitic ground are displaced. 
The fig. 7 illustrates the effect of distance between the main 
and parasitic grounds (Kg) on the reflection coefficient. It can 
be concluded from that, the usage of Kg is more for impedance 
matching that by increasing the Kg, the impedance matching 
or in other words the bandwidth improves. But by considering 
the defined bandwidth for WLAN, the best value for Kg is 
2.75mm. Ultimately, the antenna was fabricated, and tested. 
Then measured and simulated results for reflection coefficient 
were compared with each other in fig. 8, showing acceptable 
agreement between them.

Fig. 6: Simulated reflection coefficients for the proposed 
antenna with varying dimensions of KP.
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Fig. 7: Simulated reflection coefficients for the proposed 
antenna with varying dimensions of Kg
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Fig. 8: Comparison between measured and simulated reflection 
coefficient versus frequency.

The negligible difference between these curves is because of 
not being ideal SMA and procedure of fabrication. The measured 
radiation patterns at three frequencies 2450, 5200, 5800 MHz 
on both E-plane and H-plane are shown in fig. 9.
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Fig.9: Measured radiation patterns at 2450, 5200, and 5800 
MHz for, (a). E–plane, and (b). H–plane.

It is obvious that the proposed antenna on H-plane is non 
direction and on E-plane is almost bidirectional that this result 
is desirable.
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VI. Conclusion
A novel very compact printed antenna for dual band operation 
has been presented, implemented, and tested. With the skills 
of defecting the ground plane by employing a slotted parasitic 
ground plate and using the two different rectangular patches, 
the proposed antenna can excite dual resonance to cater to 
the operation requirements of 2.4/5.2/5.8 GHz bands for 
WLAN communication system. The measurements on the 
fabricated antenna showed a generally good agreement with 
the simulated data. This parametric study is valuable in the 
design of dual band compact antennas. This antenna has 
usages such as low-cost, easy to fabricate, and integrate 
with the application-specific circuit because of using FR-4 
substrate, planar structure, and of size only 20mm×10 mm 
respectively. Therefore, the proposed antenna is very suitable 
for applications in the dual-band WLAN system.
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