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Abstract—In this paper, a single element proximity coupled
rectangular patch antenna is designed for future radar
application, where high gain and wide bandwidth is required. A
proximity coupled fed antenna is used to enhance the antenna’s
gain and bandwidth. The gain of the single patch antenna is 4.22
dBi. By adding side parasitic patch, the bandwidth of the antenna
can be improved up to 375%. The antenna works from 2.8 to 3.1
GHz this band is used for air surveillance radar. Moreover The
gain of the side parasitic patch antenna is 5,57 dBi
Keywords—Proximity coupled, microstrip antenna, bandwidth
enhancement, high gain, parasitic side patch

papers have discussed about these methods, such as direct
parasitic [11], indirect coupled parasitic [12], but they are of
only implemented for direct feeding technique. In this paper a
proximity coupled microstrip antenna using side parasitic patch
is designed to enhance bandwidth and antenna gain.
II. PROXIMITY COUPLED MICROSTRIP ANTENNA
There are several feeding techniques used for microstrip
single antenna which is shown in Fig 1. The shaded area refers
to the copper sheet and the white area is the dielectric material
of the substrate.

I.
INTRODUCTION
Some applications in telecommunication need high gain
antenna for their system, such us for radar application. Many
high gain radar applications have relied upon parabolic
reflectors. But these antennas have drawbacks especially for its
bulky and heavy weight. For low profile antenna, to mitigate
the disadvantages of parabolic reflector antenna, the microstrip
array antenna can be used.
However, the microstrip antenna has also several
drawbacks, especially the ability to achieve high gain with wide
bandwidth. To solve these drawbacks, the first step is to
characterize the single element to achieved wide bandwith and
high gain antenna. Some techniques can be used to achieve high
gain antenna. Some paper have been proposed to enhanced
bandwidth and gain of a single element antenna, one of that is
by using aperture coupled patch with hour glass slot [1]. But
these methods do not achieve optimum performance for
bandwidth and gain of single element.
There are numerous and well-known methods to increase
the bandwidth of antennas, such as increase of the substrate
thickness [2], the use of a low dielectric substrate [2], the use of
various impedance-matching and feeding techniques [3], the
use of multiple resonators [4]–[8], and the use of slot antenna
geometry [9]. However, the bandwidth and the size of an
antenna are generally mutually conflicting properties, that is,
improvement of one of the characteristics normally results in
degradation of the other.

(a)

(b)

(c)

(d)

Figure 1. Feeding techniques in microstrip antenna : (a) probe feed (b)
microtrip line feed (c) aperture coupled feed (d) proximity coupled feed

Among all of these techniques, proximity coupled has the
best performance in term of wider bandwidth and higher
antenna gain. The performance comparison can be shown in
Table 1.

Some methode can be used to enhance the bandwith of the
antenna, one of that is by using parasitic patch [10], Some
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TABLE 1. PERFORMANCE COMPARISON OF SEVERAL FEEDING TECHNIQUES
Feeding technique

Performance

probe
feed

frequency
(GHz)
bandwidth
(MHz)
directivity
(dBi)

2.971
3.045

gain (dB)
azimuth
HPBW
(degree)
elevasi HPBW
(degree)
side lobe level
(dB)

microstrip
line

-

2.962
3.011

-

aperture
coupled

proximity
coupled

2.973 - 3.036

2.937 - 3.038

74

49

63

101

-

6.274

6.339

6.378

-

2.884

3.53

3.921

-

95.3

95.7

92.3

-

94.4

91.8

94.9

-

-14.3

-13.9

-14.6

Figure 1d shows the geometry of the basic proximity
coupled patch antenna. The Antenna consists of two layer
substrate. The radiating microstrip patch element is etched on
top of the first layer substrate, while the microstrip feed line is
etched on the top of the second layer substrate with the ground
plane on the bottom of the second layer substrate. The thickness
and dielectric constants of these two substrates may thus be
chosen independently to optimize the distinct electrical function
of radiation and circuity. The proximity coupled microstrip
antenna is influenced by many variation of parameters such as
microstrip patch length, microstip patch width, feed line width,
etc.

The software CST Microwave Studio has been used to
model the single patch antenna with proper boundary condition.
Using equation (1) to (4), the calculation result yields Lp by 15
mm and Wp by 23 mm.
The structure of the antenna is depicted in Fig. 3.

Figure 3. Design of single patch antenna with proximity coupled feed

Based on the structure and performance of the single patch
antenna design, to broaden the bandwidth, therefore the
parasitic patch is added in the right and left side of the main
patch. The structure of the side parasitic patch antenna is shown
in Fig 4.

The size of the patch can be calculated by using equation (1)
to (4) as follows [5]:
=
=

(1)
− 2∇

∇ = ℎ × 0.412
=

(2)
.

.
.

(3)
(4)
Figure 4. design of side parasitic patch antenna with proximity coupled
feed

where, λ0 is free space wavelength and c is speed light in free
space 3 x 108 m/s. Wp and Lp correspond to the width and the
length of the patch.

The dimension of the single patch antenna and the side
parasitic patch antenna is shown in Table 2.

III. ANTENNA DESIGN
Before designing a side parasitic patch, a single rectangular
patch element antenna is designed to resonate at 3 GHz using
Fr-4 substrate (εr = 4.6 and tan δ = 0.0009) with height 1.6 mm.
Both of the patch and feed substrate consist of the same
material and size, which is separated by a ground plane made
from copper.
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TABLE 2. D IMENSION OF ANTENNA STRUCTURE
dimension
label

Single patch
(mm)

Parasitic patch
(mm)

Lsb

75

75

Wsb

75

75

Lp

15

8

Wp

23

24.2

Lp1

-

3

Wp1
Lp2

-

24.2
7

Wp2

-

24.2

Hp

1.6

1.6

Hf

1.6

1.6

Lf

37.5

37.5

Wf

1.33

1.33

IV.

Figure 6. Radiation pattern of the single patch antenna

SIMULATION RESULTS

By using the finite integration technique with the CST
software, the simulation results will be discussed in this
section.
The first design, the single patch antenna with proximity
coupled shows return loss characteristic in Fig. 5. The result
excites 3% of fractional bandwidth for VSWR<1.5 from 2.91
GHz to 2.99 GHz.

The simulation result of the side parasitic patch antenna
is depicted in Figure 7 and Figure 8. Figure 7 shows that the
antenna resonates at 3 GHz with the fractional bandwidthof
10% from 2.8 GHz to 3.1 GHz for VSWR < 1.5. This result
satisfies the required bandwidth for the air surveillance radar.
Comparing the bandwidth result from the single patch antenna
of 80 MHz to the side parasitic patch antenna of 300MHz,
therefore, the side parasitic patch antenna has improved the
bandwidth up to 375%.

Figure 7. Return loss of the antenna
Figure 5. Return loss of the single patch antenna

The radiation pattern of the single patch antenna is
depicted in Figure 6. From the simulation result, it can be seen
that the single patch antenna has gain of 4.23 dBi width side
lobe level -17.5 dB and half power beamwidth of 84.90.

The simulated radiation pattern and gain of the antenna is
shown in Figure 8. The result shows that the antenna gain is
5.57 dBi at the center frequency 2.836 GHz. The antenna
beam is broadside direction with the half power beamwidth
is 86º. In addition, the first side lobe level (FSLL) is -17.3 dB
below the main lobe. Moreover, the side parasitic patch
antenna has improved the antenna gain from 4.23 dBi to 5.57
dBi.
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