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Abstract — In this paper, a single element aperture
coupled rectangular patch is designed for future radar
application, where its high gain and wide bandwidth is
required. An aperture-coupled fed antenna is used to
enhance the antenna’s gain and bandwidth. The antenna
has a slot with hour-glass shape. By adding the hourglass shaped slot, the bandwidth of the antenna can be
improved from 5% to 10%. The gain of the antenna can
be achieved to 11.21 dBi when it is added with a back
cavity dielectric in the middle of the structure. The
antenna works from 2.80 – 3.10 GHz, where this band is
a specification band for military radar application in
Indonesia. The dimension of the antenna is 100mm x 100
mm by using Duroid 5880 substrate with dielectric
constant 2.20 and total height of 1.524 mm.
Keywords — Aperture coupled microstrip antenna, bandwidth
enhancement, high gain, hour-glass shape slot, back cavity
dielectric

I.

INTRODUCTION

Most of radar applications need high gain antenna for
their system. Many high gain radar applications have relied
upon parabolic reflectors [1]. However, such an antenna has
important drawbacks especially for its bulky and heavy
weight and its difficulty for fabrication as well. In order to
mitigate the disadvantages of these drawbacks, the microstrip
technology can be the solution. This is mostly due to their
versatile in terms of possible geometries that makes them
applicable for many different situations. The microstrip
antenna has a lightweight construction and it is suitable for
integration with microwave integrated circuits and other
numerous advantages [2].
However, the microstrip antenna has also several
drawbacks, especially the ability to achieve high gain and
wide bandwidth. To solve these drawbacks, some techniques
can be used for bandwidth broadening. One of the most
common techniques is by using an aperture coupled fed
patch antenna. The common aperture coupled feeding
technique usually has 3−5 % bandwidth. Some papers have

shown that the aperture coupled feed with stacked patch can
achieve the impedance bandwidth by 50−70% [3], [4].
However, the barrier of such antennas is poor from the front
to back ratio and the back radiation. In order to solve this
problem, the aperture coupled slot antenna can be combined
with a cavity back configuration [5]. An appropriate size of
the cavity can make the aperture has enough coupling to the
patch, which makes the aperture and patch resonate
mutually. Besides that, the back cavity will enhance the gain
of the antenna, because the antenna radiation will be directed
to the patch, instead of the back of antenna.
In order to improve the coupling in the aperture slot,
some variation in geometry has been suggested. In this
paper, variation in slot’s shape is designed for its aperture in
the middle of antenna construction. There are several shape
types of slots that can be used, such as “dog-bone”, bow-tie,
or H-shaped [6]−[8]. The shape variation of the aperture slot
has a significant impact on the strength of coupling between
the feed line at lower layer and the patch at the upper layer
[9]. Good coupling can affect the bandwidth of the antenna.
This paper will design an hour glass shaped slot for the
aperture coupled fed rectangular patch antenna. The hour
glass shaped slot combines the advantages of H-shaped and
“bowtie” shape slot. The sharp discontinues have been
removed in “hour glass” shaped aperture allowing the field
distribution inside the aperture to be more uniform.
Therefore, a strong coupling can be achieved.
II.

APERTURE COUPLED MICROSTRIP ANTENNA

The aperture coupled microstrip antenna employs a non
contacting feeding technique, with either two parallel
substrates, or two perpendicular techniques [2]. A strip line
or microstrip feed line on one substrate is coupled through a
small aperture in the ground plane that separates the two
substrates to the microstrip patch element on the second
substrate. A conventional geometry of the basic aperture
coupled microstrip antenna is shown in Fig. 1 [10].
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Figure 1 shows the geometry of the basic aperture
coupled patch antenna. The radiating microstrip patch
element is etched on the top of the antenna substrate, and the
microstrip feed line is etched on the bottom of the feed
substrate. The thickness and dielectric constant of these to
substrates may thus be chosen independently to optimize the
distinct electrical function of radiation and circuity. In
designing the aperture coupled microstrip antenna, many
variation of parameters influences the design, such as
antenna’s substrate dielectric constant, antenna’s substrate
thickness, microstrip patch length, microstrip antenna length,
microstip antenna width, feed substrate dielectric constant,
slot length, slot width, feed line width, feed line position
relative to the slot, length of the stub, etc.

where, λ0 is free space wavelength and c is speed of the light
in free space by 3×108 m/s. W and L correspond to the width
and the length of the patch.

(a) Bird-eye view

(b) Side view

Figure 1. Geometry of aperture coupled antenna [10].
The aperture coupled microstrip can be modified to
evolve the requirement parameters. One of the modification
that can be done is the slot shape. The shape of the coupling
aperture has a significant impact on the strenght of coupling
between the feed line and the patch. Thin rectangular
coupling slots have been used in the majority of aperture
coupled microstrip antenna, as this gives better coupling than
the rounded aperture.
The size of the patch of the antenna can be calculated by
using equation (1) to (4) as follows [11]:
(1)

(2)

(3)
(4)

Figure 2. The proposed antenna structure (a) bird-eye view
(b) side view
One of the useful features of the aperture coupled
microstrip antenna is that it can provide substantially
improved impedance bandwidth. While single layer probe
fed element has limited impedance bandwidth of 2−5%, an
aperture coupled element with modified slot is able to
increase the impedance bandwidth [4]. This bandwidth
improvement is primarily a result of the additional degrees of
freedom that is offered by the feed line’s length and strong
coupling from the aperture slot, which it depends on its size.
The tuning feed line’s length can be adjusted by an offset of
the inductive shift on the impedance Smith chart, which it
generally occurs when a thick antenna substrate is used.
Then, the aperture slot can be closely brought to the
resonance frequency allowing a double tuning effect.
III.

ANTENNA DESIGN

A. Element Configuration
This paper proposes a rectangular patch element antenna,
which is designed to resonate at 3 GHz using Duroid 5880
substrate (εr = 2.2 and tan δ = 0.0009) as a dielectric
substrate with height 0.508 mm. Both of patch and feed
substrates have the same material and size, which is
separated by a ground plane from the copper. Configuration
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of the proposed aperture coupled antenna is shown in Fig.
2.
Design of the patch element
The rectangular patch is used for the patch element, since
it is the simplest configuration. The patch geometry is
calculated using the equations (1)−(4). The rectangular patch
has a radiating edge L and a non-radiating edge W as shown
in Fig. 3. A commercially available CST Microwave Studio
has been used to numerically analyze a single element with a
proper boundary condition. Using the equations (1) to (4),
the calculation result yields L by 38.90 mm and W by 39.50
mm. The detail of the antenna structure is described in Fig. 3.
Design of the feed line
The radiating patch is fed by a 50 Ω microstrip line. The
width of the feed line is calculated using a transmission line
calculator. As for 50 Ω impedance microstrip line, the width
of line is obtained by 1.5785 mm.
Design of the aperture slot
The slot dimension determines the amount of coupling to
the patch from the feed line and the resonant frequency as
well. The antenna is designed using an hour glass shaped
slot, as previously mentioned in Introduction. The main
parameter that influences the coupling level from the feed
line to the patch is ratio between the outer width of the slot
and the inner width the slot, noticed by a/b ratio in Fig. 3.
Optimum coupling will yield the larger impedance
bandwidth. The simulation result shows that when the a/b
ratio is 3, the electromagnetic energy is optimally coupled to
the patch.

The size of the patch, especially the width (W) will
influence the frequency resonant of the antenna. Along with
the calculation result from equation (1) above, some
iteration have been done in order to obtain the optimum size
of the patch to achieve resonant frequency at 3 GHz.
In order to achieve a matching condition of the antenna,
two main parameters should be considered, those are the
aperture slot size and the feed length. The coupling level is
primarily determined by the length of the coupling slot. The
slot should therefore be made no longer than is required for
impedance matching. Besides that, the outer-slot width (a)
also affects the coupling level, but this does not affect too
much compared to the stub length affect.
The two aforementioned parameters are carefully set so
that the coupling is maximum from the feed to the patch
through the aperture slot. The width of feed line is fixedly
set by 1.59 mm. Length of the stub line changes the
reactance of the slot aperture. The stub line is slightly less
than λg/4 in length, shortening the stub line will move the
locus in the capacitive direction on the Smith Chart. The
length of feed line after adjusting the stub length is obtained
by 3 cm to obtain the optimum value of the return loss
characteristics.
As for bandwidth enhancement aiming at military radar
application at the frequency 2.80 – 3.10 GHz, ratio between
the outer-slot width (a) and the inner-slot width (b) as
depicted in Fig. 3. This ratio is carefully arranged so that
resulting the maximum coupling from the feed to the patch.
From this characterization,
optimum
bandwidth
enhancement can be obtained as the a/b ratio is set by 3.
The a/b = 1 means that the slot is rectangular shape. The
bandwidth optimization is shown in Fig. 4.

Figure 3. Geometry of hour-glass shaped slot.
Design of the stub length
The stub length refers to the length from the tip of the
feed line to the position of the slot. The stub length will
influence the impedance of the antenna. As for practical
experiences, the stub length should be close to λg/4, and then
the optimization for good impedance matching is started
from this point.
B. Parametric Study
In this section, some main geometric parameters of this
design, include patch size, slot size, geometry, and stub
length will be studied. All of these parameters will
influence the performance of the antenna.

Figure 4. Characteristics of bandwidth performance
according to the value of a/b ratio.
IV.

SIMULATION RESULTS

By using the finite integration technique the antenna is
numerically analyzed. The results will be provided in this
section.
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A. Reflection Coefficient and bandwidth
The optimized simulation result of S11 is depicted in
Fig. 5. The antenna resonates at 3 GHz with the magnitude
of reflection coefficient (S11) is -33.50 dB. The impedance
bandwidth is achieved by approximately 10% from 2.80–
3.10 GHz for VSWR < 2. By this result, the target
bandwidth has been satisfied with the target for aerial
surveillance radar aimed at military purpose.

Figure 7. Radiation pattern of the antenna with back cavity
dielectric in 3D

Figure 5. Reflection Coefficient of the antenna

The cartesian plot is depicted in Fig. 8, which is shown a
symmetrical beam pattern. The antenna beam is broadside
direction beam with the 3-dB beamwidth is 61º. In addition,
the first side lobe level (FSLL) is achieved at -21.50 dB
below the main lobe peak magnitude.

The simulated radiation pattern and gain of the antenna
without a back cavity is shown in Fig. 6 for 3D plot. It is
shown that the back radiation still appears in the back of the
antenna (180º of theta), allowing the total gain can be
obtained only by 4.53 dBi.

Figure 8. Radiation pattern in cartesian plot along the theta.
V.

Figure 6. Radiation pattern of the antenna without back
cavity dielectric in 3D

This paper has proposed a back cavity dielectric
configuration to increase the gain as described in the
previous section and clearly depicted in Fig. 2. By this
configuration, the simulation result shows that the total gain
can be achieved by 11.90 dB in the center frequency 3 GHz
at the elevation angle 90º as shown in Fig. 7. It means the
gain is approximately improved by 7.37 dB (160%), which
is very significant factor. Moreover, the absolute gain of the
antenna is clarified by 11.21 dBi.

CONCLUSION

A single element aperture coupled rectangular patch
has been designed for future military aerial radar
application in Indonesia. An aperture-coupled fed antenna
is used to enhance the antenna bandwidth and gain as well,
which is applied by employing a hour-glass slot for
enhancing the bandwidth and a back cavity dielectric for
increasing the gain. The simulated S-parameter meets the
fractional bandwidth target by 10% (VSWR < 2). The gain
is improved to 160% from the conventional antenna by
applying the back cavity slab. As for the absolute gain, it
can be achieved to 11.21 dBi by only designing a single
element. Since the current designed antenna is still one
element configuration, the overall specifications and
targets for radar application cannot be achieved, so the next
step is arraying the antenna to increase the gain, generate a
pencil beamwidth and reduce side lobe level as well.
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