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Abstract. In this paper, an inverted suspended circular patch with square slot design is proposed for
broadband circular polarized antenna. The antenna was designed based on L-probe technique and air gap of
10 mm distance between substrate and copper ground. L-probe technique is used in this antenna design to
feed the 50 Ohm SMA connector signal through the feedline to the antenna structure. The proposed antenna
had been designed and simulated by using computer simulation technology (CST) software. This antenna
design is targeted for wireless local area network (WLAN) application which operating frequency at 2.4
GHz. Antenna performances in term of return loss, resonant frequency, bandwidth, gain, axial ratio,
directivity, total efficiency and radiation pattern at the design frequency are analyzed. Result of simulation
show that the proposed antenna achieved axial ratio below 3 dB which is 0.62 dB with return loss -35.60 dB
at targeted frequency. Comparison result of simulation and measurement show that the return loss
bandwidth (RLBW) and realized gain of the antenna at 2.4 GHz frequency decreases from 556 MHz to 354
MHz with gain 7.76 dB to 4.54 dB. However, the proposed antenna covers a wider bandwidth of 2.4 GHz
where both simulation and measurement bandwidth is over 350 MHz.

1 Introduction
Microstrip patch antennas have been widely used due to
their advantages of low profile, ease of fabrication, inexpensive, light weight and ease of integration with
active Radio Frequency (RF) devices [1]. The basic and
most commonly shape used to design microstrip antenna
is the rectangular patch antenna. As in [2], the antenna is
construct based on a rectangular patch design with two
cutting slots to get an E-shaped antenna design which
yields circular polarization. Instead of rectangular is the
basic and most commonly used shape, microstrip patch
antenna could be in lot of various shapes such as
circular, square, elliptical and triangular [3].
However, microstrip patch antenna is restricted with
narrow bandwidth and poor gain. As a way to solve this
issue, several modifications need to be done are included
adding slot [4,5], fed by L-probe [6-10] and others. The
major advantage of L-probe fed is the ability of the
design to improve bandwidth no less than 5% from its
centre frequency [7] while keeping reasonable radiation
properties. In [7], the simulated impedance bandwidth is
11.04% covering from 2.444 GHz to 2.729 GHz is
obtained at -10 dB return loss.
The polarization of microstrip patch antenna may be
categorized into linear polarization (LP) and circular
polarization (CP). In a circular polarized antenna, the
plane of polarization rotates in a circle forming one
complete turn during one period of the wave. A circular
polarized wave radiates signal in both the horizontal and
*

vertical planes and all planes in between. Circular
polarization is regarded as the well-known polarization
schemes mainly because it can offer better mobility and
weather penetration than linear polarization [11,12].
Other than that, CP also has the advantages of the
reduction of “Faraday rotation”, mitigation of multipath
fading and immunity of polarization mismatching
between transmitting and receiving antennas [13].
Microstrip patch antenna in their basic form normally
provides linear polarization, but by certain modification
it can provide circular polarization. The circular
polarized antenna can be obtained by using single or
double feed [1,14], truncated corner [2,15], slot [15],
double layer.
In this work, a wideband L-probe inverted suspended
circular patch with square slot antenna is presented. The
wideband was obtained by the separation of air gap
between the substrate and copper ground plane. The
proposed circular patch antenna was designed for
circular polarization at 2.4 GHz frequency.

2 Antenna Design
In this study, the antenna was designed using an FR4
board with dielectric constant, εr of the substrate = 4.4,
tangent loss, tan δ = 0.019, substrate thickness, h = 1.6
mm and copper thickness, t = 0.035 mm. To represent as
L-probe feed, the antenna was feed with the SMA coaxial
probe connector from ground layer through the feedline
of the antenna structure. The width (Wf) and length (Lf)
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of feedline is 3.1 and 13 mm respectively. The feedline
and the circular patch with square slot antenna were
designed at the bottom substrate of the antenna which is
thus defined as inverted suspended. Where at the upper
substrate is just a plain substrate without any patch layer.
The antenna design and its ground plane were separated
by an air gap with 10 mm distance.

2.2 Prototype view of fabricated inverted
suspended circular patch antenna with square
slot design
As demonstrated in Fig. 2 (a) and (b) is the fabricated
prototype front view and side view of the antenna. As
shown in Fig. 2 (a), the antenna width and length of
substrate and copper ground layer is the same which is
80 x 80 mm.

2.1 Configuration of inverted suspended
circular patch antenna with square slot design
Configuration of the inverted suspended circular patch
antenna design is demonstrated as in Fig. 1. As shown in
Fig. 1 (a) and (b) is the front view (plain substrate) and
back view (with feedline and circle patch) of the antenna
respectively. While, in Fig. 1 (c) and (d) shows the
enlargement view and vertical view of the antenna where
the square slot position can clearly be seen in Fig. 1 (c)
before being subtract with the circular patch design.

(a)

(a)

(b)

(b)
Fig. 2. Fabricated prototype of L-probe inverted suspended
circular patch with square slot antenna (a) front view and (b)
side view.

The length and width of the substrate are indicated as
Ls and Ws, whereas Lss and Wss are used for the square
slot. The size of square slot was decided according to the
best result performance of parametric study. The ideal
dimension for the antenna is tabulated as in Table 1.

(c)

Table 1. Dimension of L-probe inverted suspended circular
patch with square slot antenna design.
Design
Parameter
Air gap
h
t
A
B
R
Lf
Lss
Ls
Wf
Wss
Ws

(d)
Fig. 1. Configuration of L-probe inverted suspended circular
patch with square slot antenna (a) front view (b) back view (c)
enlargement view and (d) vertical view.
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Dimension
(mm)
10
1.6
0.035
32
20
25
13
25
80
3.1
25
80

Description
Air gap
Thickness of substrate
Thickness of copper
Middle of feed to substrate
Middle of feed to substrate
Radius of circle patch
Length of feed
Length of square slot
Length substrate
Width of feed
Width of square slot
Width of substrate
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3 Result and discussion

Based on Fig. 5, the highest total efficiency of the
antenna is at 2.4 GHz which is -0.18 dB. Total efficiency
must be more than -3 dB to get more than 50% antenna
efficiency at 2.4 GHz frequency. Total efficiency of the
antenna also can be calculated based on result of gain
minus directivity.

This section discusses the antenna parameters which
include the return loss (RL), resonant frequency (fr),
return loss bandwidth (RLBW), axial ratio (AR),
directivity, realized gain, total efficiency, axial ratio
bandwidth (ARBW) and radiation pattern of the antenna.
The antenna performance at 2.4 GHz frequency were
analysed and investigated. Comparison of simulation and
measurement result of return loss bandwidth, resonant
frequency and realized gain at 2.4 GHz frequency is
demonstrated and tabulated as in Fig. 3 and Table 3.
3.1 Return loss (RL), resonant frequency (fr) and
bandwidth (BW)
Return loss of antenna need to be more than -10 dB in
order to get more than 90% antenna efficiency.
According to the simulation and measurement result as
demonstrated in Figure 3, the return loss of the designs
at 2.4 GHz frequency achieved below than -10 dB which
is -35.6 dB and -20.3 dB with bandwidth (BW) greater
than 350 MHz. The resonant frequency of the simulation
result is at 2.398 GHz with -35.8 dB return loss, while
the measurement result shifts a little bit to higher
frequency which is at 2.42 GHz with return loss dropped
slightly to -21.5 dB.
The simulation bandwidth of the antenna is 556 MHz
which ranging from the frequency of 2.20 GHz until
2.76 GHz. While the bandwidth of measurement is 354
MHz, it is less compared than the simulation bandwidth.
However, both simulation and measurement bandwidth
still cover a wider operation bandwidth at 2.4 GHz
which is over 350 MHz.

Fig. 4. Simulated directivity for inverted suspended circular
patch with square slot antenna design.

Fig. 5. Simulated total efficiency for inverted suspended
circular patch with square slot antenna design.

3.3 Axial ratio (AR)
In Fig. 6, the polarization for the antenna may be
identified according to the axial ratio analysed by the
CST software. The axial ratio of circular polarized (CP)
should be below than 3 dB. Based on Fig. 6, the
minimum axial ratio is at 2.1 GHz frequency which is
0.07 dB. While at 2.4 GHz, the axial ratio for the
antenna design is 0.62 dB. The axial ratio bandwidth
(ARBW) below than 3 dB is 1120 MHz which is
covered from frequency range of 1.37 – 2.49 GHz. It
was indicated that for this inverted suspended circular
patch with square slot antenna design, it can operate and
presented a good circular polarization at 2.4 GHz.

Fig. 3. Comparison of simulated and measured return loss for
the inverted suspended circular patch with square slot antenna
design.

3.2 Directivity (Dir.) and total efficiency (Tot.
Effc.)
Fig. 4 illustrates the simulation view for the graph of
directivity (dBi) over frequency. Based on the simulation
results, the directivity for the antenna design at 2.4 GHz
is 7.94 dBi. The highest directivity of the antenna is at
2.5 GHz with 8.18 dBi respectively. The directivity
above 8 dBi covered from 2.42 GHz until 2.61 GHz
frequency range.

Fig. 6. Simulated axial ratio for inverted suspended circular
patch with square slot antenna design.
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Table 2. Performance result of ARBW, AR, directivity and
total efficiency of the inverted suspended circular patch with
square slot antenna design.

3.4 Radiation pattern
Radiation pattern of antenna is measured in far field
region. Fig. 7 demonstrate the comparison of simulated
and measured radiation pattern of the antenna at 2.4 GHz
when phi = 0°, phi = 90° and theta = 90°. The radiation
pattern gained from measurement result is quite similar
with the simulation result.

Ant.
Design
Sim.

Axial Ratio
Bandwidth (ARBW)
Freq.
Range
(GHz)
1.37-2.49

BW
(GHz)
1.12

2.4
GHz

2.4
GHz

AR
(dB)
0.62

Dir.
(dBi)
7.94

2.4
GHz
Tot.
Effc.
(dB)
-0.18

Table 3. Comparison of simulation and measurement result of
return loss bandwidth (RLBW), fr, RL and realized gain at 2.4
GHz.
Ant.
Desi
gn
(a)

(b)

Sim.
Meas

Return Loss
Bandwidth
Freq.
range
BW
(GHz) (MHz)
2.202.76
2.282.63

Resonant
Freq. (fr)
Freq
(GHz)

RL
(dB)

556

2.398

354

2.42

35.8
21.5

2.4
GHz
RL
(dB)

2.4
GHz
Gain
(dB)

-35.6

7.76

-20.3

4.54

4 Conclusions
In this paper, antenna with the operating frequency at 2.4
GHz which is for WLAN application is proposed. The
antenna was designed based on the L-probe technique of
inverted suspended circular patch with a square slot and
air gap substrate between FR4 substrate and ground
plane. Result performance of the proposed antenna such
as return loss, resonant frequency, bandwidth, RLBW,
axial ratio, ARBW, realized gain, directivity, total
efficiency and radiation pattern at 2.4 GHz are analyzed.
From the observation on the simulation result at 2.4
GHz, axial ratio of the antenna is circular polarized
where it is 0.62 dB with return loss -35.60 dB and total
efficiency above -3 dB which is -0.18 dB. The
bandwidths of both simulation and measurement result
for the antenna is more than 350 MHz thus meet the
requirement of the broadband antenna operation. The
results of measurement for the gain were reduced
compared to the simulation result which is from 7.76 dB
to 4.54 dB. Overall, the simulation and measurement
result for the proposed design meet requirement for
circular polarized antenna and broadband operation. The
utilization of L-probe fed with a thick air-filled substrate
leads to bandwidth enhancement. In future, in order to
assemble as more compact or smaller sized antenna, size
reduction can be achieved by incorporating more slots on
the circular patch antenna design or with the integration
of metasurface (MS) structure. Antenna with large
bandwidth, compact in size and can operate as circular
polarization is a major consideration in the practical
application for wireless communication system.

(c)
Fig. 7. Comparison of simulated and measured radiation
pattern for inverted suspended circular patch with square slot
antenna design at 2.4 GHz frequency (a) phi = 0° (b) phi = 90°
(c) theta = 90°.

Table 2 shows the result of axial ratio bandwidth
(ARBW), axial ratio (AR), directivity and total
efficiency at 2.4 GHz. While, Table 3 shows the result of
return loss bandwidth (RLBW), resonant frequency (fr),
return loss and realized gain at 2.4 GHz. According to
Table 3, the simulation result of gain is 7.76 dB and
based on calculation of gain for the data taken from
measurement result, the gain is 5.54 dB respectively.
The comparisons of simulation and measurement results
for the gain show that the gain for measurement is
reduced around 2.22 dB. This might be due to the
reduction of return loss for measurement result at 2.4
GHz from -35.6 dB to -20.3 dB which is around -15.3
dB less compared to the simulation result.
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