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Abstract — In this paper, a rectangular microstrip patch
antenna with defected ground structure (DGS) for wireless
application is proposed. A rectangular shaped DGS is
simulated using the Computer Simulation Technology (CST)
Microwave Studio software to enhance the antenna
bandwidth,
The simulation results is compared and analyzed. The
antennas  with  Rectangular DGS  could improve
approximately 64% of bandwidth and miniaturize the
antenna about 25%.
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L INTRODUCTION

Wireless revolution has become an essential in
connecting everyday devices through embedded wireless
technology. Embedded  wireless communication
technology such as WiMAX (IEEE 802.16), WLAN
(IEEE 802.11), and WPAN (IEEE 802.15) such as
Bluetooth, Zigbee, IrDa and RFID has widely use in
today’s application, from personal electronics and
medical devices, to the transportation infrastructure and
manufacturing. These devices require wider band and
good radiation performance. It has lead the study and
development in antenna field to improve antenna
performance.

Microstrip patch antenna (MPA) has widely used in
embedded wireless communication and microwave
devices because of its characteristics: such as light weight,
thin, low volume, low cost and easy manufacturability.
MPA provide great advantages over the traditional
antenna as it can be easily fabricated and integrated in
solid-state devices.

However, the conventional antenna has a narrow
bandwidth and low efficiency. Antenna bandwidth can be
increased by increasing the height of the substrate,
unfortunately this increment will larger the size of
antenna and decrease the antenna efficiency.

DGS is used to enhance the MPA performances.
DGS is realized by etching off a portion of the ground
plan of antenna mostly in form of rectangular[1][2],
triangle[3], dumbbell[4][5], circular[6-8], split ring[9],
hexagonalf10] or spiral{8][11][12]. The defected ground
will disturbs the shield current distribution in the ground
plane, which influences the input impendence and current
flow of the antenna [9][14-15]. The shape and dimension
of the defect will give different effects such as size

reduction [11][16], bandwidth enhancement[14][17][18]
and gain increasing[18-20].

The purpose of this work is to use rectangular shaped
defected ground structure to improve return loss, VSWR
and provides higher bandwidth over conventional
Rectangular Microstrip Patch Antenna (RMPA) operating
at 2.4GHz frequency band for WLAN(IEEE802.11)
application.

1L ANTENNA DESIGN AND GEOMETRY

The substrate FR4 with thickness 1.6 mm and
dielectric constant of 4.3 has been used. Patch length,
width and substrate height are given as L, W and A
respectively. The coordinate axis is selected such that the
length is along y, width is along x direction.
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Fig. 1: Rectangular microstrip patch antenna

In order to operate in the fundamental TM,, mode,
the length of the patch must be slightly less than A,/2
where A, is the wavelength in the dielectric medium and is
equal to Ao/\/e,eﬂ where 1, is the free space wavelength.
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The width of antenna patch must be kept small
enough to avoid excitation of transverse resonance.
Typically width must be less than A, The width is
calculated by transmission line model equation:
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where ¢ is the speed of light (3 X 108ms™1).

Reducing the width will increase the resonant
frequency, while, increasing the width will reduce the
resonance frequecy.

Effective dieleciric constant, &5y is given by the
equation:
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Calculation of Length extention, AL is as follows:

w
AL = 0.412 ('E_efwh )

(£ef ~0.258)(5+0.8)
The actual length of patch, L is given as:
L= Ly —2AL 6)

Reducing the length of patch will increase the
antenna resonance frequency, while increasing the length
will reduce the resonance frequency.

The ground plane dimension is given as:
Ly=6h+L @)
W, =6h+W 8

The width of feed line, w, is given as ;
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The size of feed line will influence the impedance of
antenna. The increments of feed size decrease the input
impedance.

o4

TABLE I: PARAMETERS AND DIMENSIONS

’ { Dimensions ]
Paramaters [ Calentated | Canventianal |

| | ! Antenna |
| Pacchwidth, W, | 3839 | 3100 |
| 7904 ] I
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In this work, the effect of DGS position has been
investigated.
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Fig. 2: Rectangular Patch Antenna with Rectangular Shaped DGS (a)
Front view, (b) Ground view

HI. RESULT AND DISCUSSIONS

The antennas are modelled and simulated using CST
Microwave Studio software. The simulation results of
conventional antenna are shown in Table III. The RMPA
resonates at frequency 2.4GHz and return loss is -25.75
dB.

The rectangular shaped DGS was etched in the
ground plane. The position of DGS was put in several
different positions along y-axis. The results are shown in
Fig.3. From the graph below, it can be concluded that the
position of DGS has affected the antenna performance.
The DGS at ¢ = 23.25 mm has the best antenna
performance in term of return loss and bandwidth. DGS at
¢ = 20.25 mm has the lowest resonance frequency. From
Fig. 4, it can be concluded that the resonance frequency
reduced when the DGS is put at the area with high H-field
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Fig. 4: (a) E-field (b) H-field wave propagation and (c) surface current

The DGS at point ¢ = 20.25 mm was then optimized
so that it resonates at center frequency of 2.4 GHz. The
final design of antenna’s parameters is shown in Table 1.
The antenna size is found to be reduced by 25.4%. Fig. 4
and Table III show the comparison of return loss and
bandwidth of conventional RMPA and RMPA with DGS.
It is found that the return loss reduced to -39.42 dB and
bandwidth enhanced to 86.457 MHz.

TABLE 11: PARAMETERS OF PROPOSED ANTENNA

Dimensions
Proposed
Parameters Conventional RMPA with
RMPA Rectangular
DGS
Ground Width, W 47 40.9
Ground Length, L 38.5 33
“Patch width, W, 31 32.5

Patch Length, L,, 25 24.667
Insert cut Length, w, 9.5 10
Feed Line Width, w, 3.055 3.055

Proposed
Conventional RMPA with
RMPA Rectangular
DGS
Return Loss,
S1.1 (dB) -25.75 -39.417
VSWR 1.183 1.022
Bandwidth
(MHz) 52.617 86.457
Gain (dB) 3.061 1.348
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Fig. 6: E-filed and H-Field for RMPA with DGS

Tv. CONCLUSION

In this work it is found that the implementation of
Rectangular Shaped DGS on a Rectangular Microstrip
Patch Antenna (RMPA) significantly improves the
antenna bandwidth by 64.3%, reducing the return loss by
53%, thus improved the impedance matching. Overall, the
objective of this work to design a low cost and compact
antenna with wider bandwidth is achieved, even though
the performance of designed antenna does not show
improvement. A future work recommendation is focusing
on various shapes of DGSs to increase more bandwidth as
well as gain and directivity suitable for WLAN and
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