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Abstract — Microstrip patch antennas are of high demand for its
light weight, cheap manufacturing, small size, high gain and high
directivity gain. It also offers circular polarization apart from
linear polarization. These antennas can be used in satellite
applications, space craft, aircraft, wireless applications such as
WLAN, WiMAX, Wi-Fi and etc., The proposed antenna operates
at 2.4GHz and 5.2GHz which are reserved for IEEE802.11b/g
and IEEE802.11a WLAN standard. This paper presents a dual
band slotted rectangular patch antenna with partial ground. The
basic theory and design are analysed, and simulation can be done
by using ADS simulation software.

Index terms — Microstrip Antenna, Light Weight, Wi-Fi, Dual
Band, Slotted Rectangular Antenna, Partial Ground, ADS

1. INTRODUCTION

Patch antennas are assigned different names such as printed
antennas, microstrip patch antennas or simply microstrip
antennas (MSA). Microstrip antennas are often used where
thickness and conformability to the host surfaces are the key
requirements. Since patch antennas can be directly printed
onto a circuit board, these are becoming increasingly popular
within the mobile phone market. They are low cost, have a low
profile and are easily fabricated. Apart from these all merits,
the microstrip antenna has some limitations too, that is, they
suffer from narrow bandwidth operation, low efficiency,
surface wave excitations and poor end fire radiations.
Microstrip patch antennas have a very high quality factor. The
quality factor ‘Q’ represents the losses associated with the
antenna. A large Q leads to narrow bandwidth, and a low
efficiency Q can be reduced by increasing the thickness of the
dielectric substrate. There are different shapes of antenna
depending on its applications. The rectangular shape is the
simplest and most widely used configuration for fabrication of
microstrip antennas. It is important to have the proper antenna
for a device. The proper antenna will improve transmission
and reception, reduce power consumption, improved lifetime
and improved efficiency of the communication device. In this
paper, a dual band microstrip patch antenna for WLAN
application is designed and simulated using Advanced Design
System (ADS) Software.
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2.MICROSTRIP PATCH ANTENNA

A patch antenna basically is a metal patch suspended over a
ground plane. The assembly is usually contained in a plastic
radome, which protects the structure from damage. Microstrip
patch antenna consists of a radiating patch which is built on
the dielectric substrate and substrate is attached on the ground
plane as shown in Figure 1.The patch is generally made of
conducting material such as copper or gold.
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/
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/

Fig 1: Structure of microstrip patch antenna

Ground Plane

The radiating patch and the feed lines are usually photo etched
on the dielectric substrate. The relative permittivity of the
dielectric substrate is very important for the calculations of the
antenna dimensions. In order to simplify analysis, the patch is
generally square, rectangular, circular, triangular, and elliptical
or some other common shape. Microstrip patch antennas
radiate primarily because of the fringing fields between the
patch edge and the ground plane. For good antenna
performance, a thick dielectric substrate having a low
dielectric constant is desirable since this provides better
efficiency, larger bandwidth and better radiation. The
microstrip antenna is constructed on a thin dielectric sheet
using a printed circuit board. The most common board is a
dual copper-coated polytetrafluoroethylene (Teflon) surface.
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3. ANTENNA DESIGN
The proposed antenna is designed to  resonate at
frequencies 2.4GHz and 5,2GHz. The substrate material FR4
which has the relative permittivity of & =4.6. The substrate
thickness is designed as 2.4mm. The dimensions of the patch
and the antenna cane be calculated using the following
formulas.

Width of the Patch:
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Where,
vo = free-space velocity of light

fr = resonating frequency
&r = relative permittivity of free space
Ho = relative permeability of free space

Effective dielectric Constant:
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Where,

h = Thickness of the substrate

W= Width of the patch.
Effective Length:
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Patch length extension:
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4. METHOD OF FEEDING

Microstrip patch antennas can be fed in different ways. These
feeding methods can be classified under the categories of
contacting and non-contacting feeds. Feeding technique
influences the polarization mechanisms and the input
impedance of the desired antenna. There are three feeding
techniques which are most commonly used. They are coaxial
probe feeds, microstrip line feeds, and aperture coupled feeds.
Microstrip line feeds are more suitable for the patch antennas
when compared to the other feeding techniques because of its
advantages like easy fabrication and lower costs.In this paper,
microstrip line feeding technique is used to radiate the power.

Fig 2 : Microstrip line feed

5. PROPOSED ANTENNA
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Fig 3 : Proposed antenna top view
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The proposed patch antenna with partial ground plane is
fabricated on a FR4 substrate which has an & = 4.6 and a loss
tangent of 0.02 and the overall dimension (L x W x H),where
L,W and H are the length, width and height of the antenna
respectively, and is 29mm x 30mm x 2.4mm.The square patch
has been etched on the top layer of the substrate. For the
antenna to resonate at dual frequencies a X shaped slot has
been cut over the square patch. The dimensions of L1, L2, L3,
L4 and L5 are 3.4mm, 20mm, 10mm, 23.4mm and 17mm
respectively. The other dimensions W1, W2, W3, W4, W5,
W6 and W7 are 24mm, 9mm, 12.5mm, 1.7mm, 1.5mm,
2.5mm and 3mm respectively. Partial ground plane of size (P1
x P2) whre P1 = 29mm and P2 = 23mm is etched on the
bottom of the substrate. Fig 3 gives the proposed antenna
geometry. The slot can be of different shapes like U, +, X,
ring shaped etc,. In this paper, a X shaped slot has been cut on
the patch. To resonate at particular frequencies the shape,
position and orientation of the slot can be changed. The slot
dimensions from S1 to S8 are 2.3mm, 4mm, 4mm, 3.9mm,
5.7mm, 3mm, 4.3mm and 3.3mm respectively. The proposed
antenna has been designed and simulated with Advanced
Design System (ADS). Fig 4 shows the view of 3D - view of
the antenna using the software.

Fig 4 : 3D view of the simulated antenna

6. SIMULATED RESULTS

The return loss S11 was calculated for the designed using
ADS software. A plot of frequency versus the return loss is
shown in the fig 5. It can be seen that the antenna resonates at
2.4GHz and 5.2GHz with a return loss of -26 dB and -22 dB.
From the simulated plot it is clear that the antenna shows dual-
band characteristic in the frequency band of 2.4 - 5GHz. When
the antenna operates at 2.4 GHz frequency it has a bandwidth
of 2.39 — 2.49GHz and when it operates at 5.2GHz frequency
it has a bandwidth of 5.07 — 5.26GHz. Both the bands have
sufficient bandwidth to cover the wi-fi applications.
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Fig 5 : Frequency versus return plot

7. RADIATION PATTERN AND GAIN OF ANTENNA
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Fig 6 : E and H field patern at 2.4 GHz
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Fig 7 : E and H field pattern at 5.2 GHz

Fig 6 and fig 7 shows the E and H field pattern of the antenna
at the frequencies 2.4 and 5.2GHz. The peak gain,
corresponding frequencies, directivity and other parameters
are shown in the fig 8 and 9.
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Frequency (GHz) 2.37037
Input power (Watts) 0.00206232
Radiated power (Watts) 0.00094627
Directivity(dBi) 6.2502
Gain (dB]) 2,86679
Radiation effidency (%) 45,5838
Fig 8 : Parameters of antenna at 2.4GHz band
Frequency (GHz) 5.11111
Input power (Watts) 0.00167707
Radiated power (Watts) 0.000699564
Directivity (d8i) 8.37638
Gain (dBi) 4,57913
Radiation effidency (%) 41,7134

Fig 9 : Parameters of antenna at 5GHz band

8. CONCLUSION

The proposed antenna shows dual band characteristic in 2.4
/5GHz. Bandwidth improvement is done by using a partial
ground plane. The antenna has a good return loss of -28 and
-24dB which is promising for WLAN applications with a
nominal gain. The introduction of the X shaped slot and
microstrip feed lines allows us to achieve the dual-polarized
radiation. Through optimizing the size of ground plane and the
dimension of feeding structure, a broadband impedance
matching can be achieved. Results also show that the proposed
design has a reduced antenna size for the dual-band operation
with a fixed lower-band operating frequency. Therefore, the
proposed compact dual-band microstrip antenna is very
suitable for Wi-Fi applications.
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