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A low-profile, electrically small circular slotted circular patch antenna is designed and analysed for blue-
tooth applications that utilises the frequency range of 2.4 GHz. This antenna has a microstrip feed line and
a pair of circular slots configured as DGS. This patch antenna overcomes the impedance matching problem
by using two circular slots as DGS. Miniaturization and optimal impedance matching are achieved through
proximity to the microstrip input line. The FR4 substrate used for the antenna simulation has a thickness
of 1.6 mm, & of 4.4 and tand of 0.02. An antenna's basic structure consists of a feeding line that is connected
to the antenna to provide 50 Q impedance matching. This antenna resonates at 2.40 GHz and is one of the
smallest electrically compact ones, having overall dimensions of 24 x 24 x 1.6 mm3. At 2.40 GHz, a bandwidth
of 2.43 GHz to 2.38 GHz was attained with a VSWR of 1.23 and an S11 of — 28.8 dB. To reduce the size of
ESA and accomplish efficient impedance matching, the proposed antenna uses two circular slots as DGS.
The advantages of the proposed antenna include its small size, simple design and simplicity of integration
into small devices. These results make the circular slotted circular patch antenna appropriate for Bluetooth
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1. INTRODUCTION

The research of electrically small antennas (ESAs)
has attracted a lot of attention lately due to the growing
demand for wireless communications, small electronic
devices, and sensor networks. ESAs offer benefits such
as compact size, simple design and seamless integration
into miniature devices; yet they exhibit low radiation re-
sistance and high reactance owing to their limited ‘A’
value [1]. Two techniques have been employed to en-
hance the impedance matching of ESAs. Using matching
networks is one method [1-4], although in this case, the
entire structure, including the antenna and matching
circuit, is usually not ESA. An alternate technique that
is more beneficial than matching networks is to modify
the antenna structure. Ziolkowski and Erentok [5] sug-
gested using antennas inspired by MMs. To maximize
matching at the resonant frequency and achieve high ra-
diation efficiency without the need of a matching net-
work, the MM-inspired ESA's basic concept is to position
a single MM unit-cell adjacent to the driven element and
utilize its characteristics [5-8]. The NFRP element
serves as the primary radiating element of the antenna
at its operating frequency. The 2.4 GHz frequency spec-
trum is utilised in wireless communication systems
[9-10]. The physical limitations of ESAs for omni direc-
tional antennas are elaborated in [11]. Another MM-
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inspired ESA with two different substrates and a novel
feeding method was presented by the authors in [12]. At
2.4 GHz, bandwidth of the ESA was 0.5 GHz. ESAs are
suggested in [13]. Metallic curved strips are used in the
best design to improve performance. The simulation re-
sults showed a bandwidth of 22.4 MHz with an imped-
ance of — 10 dB. In [14], a low-profile CPW-fed ESA were
first presented. Bandwidth has been improved to
0.2 GHz by the addition of chip inductors to the antenna.

The novel ESA proposed in this article is intended to
operate at 2.4 GHz. To reduce the size of ESA and ac-
complish efficient impedance matching, the proposed an-
tenna uses two circular slots as DGS. The advantages of
the proposed antenna include its small size, simple de-
sign and simplicity of integration into small devices. It
is a good option for small wireless devices because of
these qualities.

2. DESIGN METHADOLOGY AND GEOMETRY

An ESA is designed by employing a circular patch.
The antenna also has a rectangular bar attached to it,
and the two are connected by an impedance of Zo = 50 Q.
The FR4 substrate used for the antenna simulation has
a thickness of 1.6 mm, & of 4.4 and tand of 0.02. An an-
tenna's basic structure consists of a feeding line that is
connected to the antenna to provide 50 Q impedance
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matching. The FEM and MOM are used in HFSS V13
to simulate this circular slotted ESA. Because the
ground plane is intended to be DGS, a positive gain
value beneath the substrate is made possible. This cir-
cular slotted antenna is appropriate for Bluetooth appli-
cations since it demonstrates resonance at 2.4 GHz. The
dimensions are much smaller in compared to other ESAs
available in the literature. The circular slotted ESA's top
and bottom surfaces are depicted in Figure 1. Higher re-
turn loss values are achieved by this structure's ability
to resonate at the designated frequencies.

L= jwf — 241 1)

a= \/1+I_21—Ehr[ln(%)+1.7726] 2)

F= 8.7;}/209 3)

o =S 2T

In the circular patch, 'a' stands for the radius, which
is found using equation (2), and 'L' stands for the patch's
length, which is acquired using (1). The variable 'A' indi-
cates the material's thickness. F is generated from the
application of equation (2). f- stands for the substrate's
centre frequency.

(@ (b)
Fig. 1 - Circular-slotted ESA (a) Top surface (b) Bottom surface

Table 1 — Measurements of circular-slotted ESA

Parameter Values(mm)
L 24
w 24
L. 2.5
Wi 5.7
Lo 4.5
R 0.8
R2 1.4
R3 7
R4 6
Rs 5
Rs 3
R 6
Rs 7
Ry 8

Rio 9

A circular slot generates the capacitance effect,
whereas the rectangular bar improves an antenna's ca-
pacity to work efficiently. The European Space Agency
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(ESA) is primarily concerned with impedance matching
due to the antenna's minuscule size, which results in low
radiation and high reactance. Capacitance and induct-
ance are provided by this circular slot and this rectangu-
lar bar, respectively. By varying the size of the rectan-
gular bar and the circular slot, the antennas can achieve
various resonance frequencies.

3. PARAMETRIC ANALYSIS OF THE CIRCULAR
SLOTTED ESA

This parametric analysis is essential because it offers a
thorough summary of the antenna's properties, allowing for
a more thorough comprehension of the parameters related
to ESAs. The software program An-soft HFSS, which is
based on the FEM analysis, was utilised to carry out the
evaluation. A comprehensive parametric examination of
the geometrical properties of the circular slotted ESA is
typically required to achieve the best possible performance
from ESAs. Two separate graphs that show the perfor-
mance of the circular slotted ESA by altering the radius of
R:1 and Re in millimetres (mm) are shown in Figure 2 (a).
The various coloured curves illustrate different values of
reflection coefficient. The black solid line corresponds to R:
= 0.7 mm, green solid line signifies R1 = 0.8 mm and the
black solid line represents R1 = 0.9 mm. Significant reflec-
tion coefficient is observed at approximately 2.4 GHz.
Among all the alternatives, with R1 =0.8 mm, the structure
demonstrates optimal performance at 2.4 GHz achieving
—28.8 dB making the circular slotted ESA suitable for
Bluetooth applications.
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Fig. 2 - Parametric analysis of the circular-slotted ESA (a) By
varying R (b) By varying Rz
Figure 2 (b) demonstrates the execution of parametric
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analysis through the variation of Rz parameter, with values
adjusted from 1.3 mm to 1.5 mm. Reflection coefficient im-
proves by varying Re. Best performance of the circular slot-
ted ESA is observed at R1 =0.8 mm and Rz = 1.4 mm.

4. RESULTS AND DISCUSSION

Figure 3 presents simulated S11 for a compact circular
slotted ESA at 2.4 GHz. At 2.4 GHz the circular slotted
ESA offers a return loss of — 28.8 dB. The circular slotted
ESA provides a bandwidth for return loss below — 10dB,
specifically ranging from 2.43 GHz-2.38 GHz. VSWR,
which represents the ratio of power transmitted from the
antenna's source to the load, is generally expected to be
below 2. It is generally accepted that any antenna should
maintain a VSWR of less than 2, which can be precisely
characterized as the power transmitted from the anten-
na's source to the load. Figure 4 presents VSWR for a com-
pact circular slotted ESA at 2.4 GHz. The VSWR of the
circular slotted ESA is measured to be less than 2, specif-
ically at 1.23. Fig. 5 illustrate the radiation pattern of the
circular slotted ESA. Analyzing this pattern allows us to
draw the conclusion that the antenna exhibits a bidirec-
tional radiation pattern at a resonating frequency of 2.4
GHz at different values of 8 and @ by considering co-po-
larization and cross-polarization of the antenna. Figure 6
illustrates the total gain of the circular slotted ESA, with
maximum value of 1.8 dBi at 2.4 GHz. The distribution of
the E-Field for the circular slotted ESA is illustrated in
Fig. 7. Maximum value of 400 vm -1 has been observed.
The current distribution of the circular slotted ESA is
shown in Fig. 8. The maximum field distribution is repre-
sented by the colour red. Maximum value of 50 Am -1 has
been observed at 2.4 GHz. The distribution of surface cur-
rents on the antenna is crucial

O ey
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Fig. 3 — Reflection Co-efficient of the circular-slotted ESA
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Fig. 4 - VSWR of the circular-slotted ESA
for determining the regions of radiation, with red colour
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signifying the areas of maximum radiation intensity.
Both the antenna's centre and its edges exhibit the maxi-
mum radiation levels, as shown in Figure 8.

Fig. 5 - Radiation pattern of the circular-slotted ESA

(a) E-plane, (b) H-plane
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Fig. 7 - E-field distribution of the circular-slotted ESA
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Fig. 8 — Circular-slotted ESAs Surface current distribution

As shown in Table 3, the antenna's performance is
compared to the antennas reported in references [13-18].
In ESAs, bandwidth and gain are traded off. Gain, band-
width and antenna size have all been carefully balanced
in the suggested antenna. The suggested ESA offers pos-
itive gain and is distinguished by its small size and low
profile. The PCB method is an effective way to design it
and it is composed of a single layer.

Table 2 — Comparison table for circular-slotted ESA
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10.

11.

12.

13.

Ref Over- Reso- | Num- An- Gain
all nant ber of | tenna (dB)
Size Fre- Lay- | Height
(Ao) quency ers (Ao)
0.2010 Sinole
s | x 058 | egr 0.003 | —2.4
0.061 Y
0.062 Single
4] | x 2.36 | egr 0.024 | -1.9
0.118 Y
0.08 x Single
[15] 0.0479 2.4 layer 0.012 -1.9
0.05 x Six N
[16] 0.05 0.5 layers 0.02 ~-2.1
0.1 x Single
[17] 0.06 2.42 layer 0.0080 | —8.72
18] | = 0.10 | 2.45 Single | 0.013 | — 15.40
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Pospobiiero Ta mpoaHaTidoBaHO HU3BKOIPOMIILHY, €JIEKTPUYHO KOMIIAKTHY MIKPOCMY’KKOBY aHTEHY 3
KPYIJIMMH IMUIMHAMHY, IIPpU3HAYEHy 1Jisa cucreM Bluetooth, 1o mpairtotors y wacroraomy miamasoni 2,4 T,
AnTeHa MICTUTH MIKPOCMYKKOBY JIIHIO KUBJICHHS TA APy KPYTJINX IIIJINH, PeajIi30BaHuX AK Jed)eKTHA CTPY-
Krypa 3azemioBasibHol wiomman (DGS). Buropucranus mux neox kpyriux miaus (DGS) mozsossie Bupi-
MUTH TPOo0JIeMy y3roKeHHs iMienancy. MiHlaTiopraallisi Ta ONTHMAaJIbHE Y3TOMKeHHS 1IMIIeJAHCY JI0CIra-
T0THCS 3ABJSKH PO3TATIYBAHHIO IIJIMH MOOJIU3y BXITHOI MIKPOCMYKKOBOI JTiHiI. [/ MoIeTIoBaHHS aHTeHH
BUKopHcTaHo makaaaky FR4 Topmmeoo 1,6 MM i3 JieJIEeKTPUYHOIO IPOHUKHICTIO & = 4,4 Ta TAHT'€HCOM KyTa
mienekTpuyHmx BTpaT tand = 0,02. OCHOBHA KOHCTPYKITA aHTEHU BKJIIOYAE JIHIKO JKUBJICHHS, 1T €HAHY Ta-
KMM YMHOM, 100 3a0e3eUYnTH yaroeHHs iMenancy Ha pisai 50 Om. AurTena pesonye Ha uacrtoti 2,40 T
1 € OIHI€ 3 HAMOLIBIN eJIEKTPUYHO KOMIIAKTHUX; Ii rabapruTHI Po3MipH CTAHOBJIATEL 24 x 24 x 1,6 mm3. Ha
qactoTi 2,40 ['T'1y mocsirayTo podouoi emyru acrot (B 2,38 I'T'iy mo 2,43 I'T'mr) 13 KoediIlieHTOM CTOSI01 XBHITL
(KCB) 1,23 ta piBHeM Bigburta Si1 = — 28,8 n1b. Jl1a 3MeHIIeHHa pO3MipiB €JIeKTPUYHO KOMIIAKTHOI aHTEHHN
Ta 3abe3nedyeHHs e)eKTUBHOIO Y3TO/PKEHHS IMIIeJIAHCY B 3aIIPOIIOHOBAHIN KOHCTPYKIIiI 32CTOCOBAHO JB1 KPY-
runi mimen (DGS). [lepeBaramu 1iel anTeHU € MaJIl PO3MIPH, IIPOCTA KOHCTPYKITIS Ta JIETKICTh 1IHTerpariii B
MaJtorabapuTHI IPUCTPOI. 3aBIAKHA TAKUM XapAKTEPUCTUKAM MIKPOCMY KKOBA AHTE€HA 3 KPYTJIMMHU IIJINHAMA
o0pe MiIXOOUTh JIJIs BUKOPHUCTAHHSA B cucreMax Bluetooth.

Knrouoeri ciaora: Kpyrosa mikpocmy:xkoBa anTeHa (maTd-aHTeHa) i3 kiibiesumu niymaavu, DGS, HFSS,
Kommakrawuit poamip, Meramarepian (MM).
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