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MPOEKTYBAHHS TA OINITUMIBALISA IBOPE3OHATOPHOI
JIPYKOBAHOI KPYTJIOI IATY-AHTEHMU 13 3ATJIMBJIEHUM )KUBJEHHSM 151
YACTOTHOI'O ATAITA30HY 24 I'TI{

3niiCHEHO TPOEKTYBaHHS Ta ONTHUMI3AII0 JBOPE30HATOPHOI JPYKOBAaHOI KPYTJIOi MaTd-
anTeHu nianasony 2.4 I'Tu. OnuH pe3oHaTOp € aKTUBHUM Ta 30Y/UKYETbCS MIKPOCMYKKOBOIO
JiHi€10, 3arau0ICHOI0 B HHOTO. JIpyTrHii pe30oHaTop € MacuBHUM Ta 30y/KYEThCS 32 JJOIMTOMOTOIO
€JIGKTPOMArHiTHOIO 3B’A3KYy 3 AaKTUBHUM pe30oHaTopoM. I[IpoBeneHO MoJentoBaHHS pPoOOTH
AQHTCHW METOJIOM CKIHYCHHHMX €JIEMEHTIB B Jiama3oHi poOoumx gactor 2.4...2.483 ITu. B
pe3ysbTaTi ONTUMI3aLll aHTEHU 30UIbIIEHO CMYTY ii MPOMYCKAHHS Ta MOKPAIIEHO Y3TO/UKEHHS Y
cMy3i poboumx wactor. B mexkax pobouoi cmyrm dactor KCX pospaxoBaHoi aHTeHH
3HAXOIUTHCA B miama3oHi 1...1.2.

Development of mobile communication systems increases the demand for
small-size and high-performance microwave antennas. Antenna theory is a well-
studied part of microwave engineering, and there are a large number of small-size
antenna types and design techniques that can be used for their analysis and
fabrication [1] — [3]. Nowadays, antenna design is usually an iterative procedure
involving numerous simulations and optimization of its structure. Most frequently
used numerical techniques for the full field simulation of antenna structures are the
finite-element method (FEM) and the finite-difference time-domain method
(FDTD). The comparison of the analytical model and the FEM simulation was
done in [4] for a 2.4 GHz single-resonator patch antenna.

In this paper, a microstrip two-resonator circular inset-fed patch antenna for
the 2.4 GHz band is designed and simulated using the finite-element method. The
antenna to be designed shall operate in 2400...2483 MHz frequency range, and
have low directivity as well as small size to be used in mobile ISM band
communication systems, such as Wi-Fi. Thus, the operating frequency of the
antenna was chosen to be f, =2442 MHz, which is the center frequency of the
operating band. Single-resonator patch antennas were considered in [4] — [5].
However, they have a resonance-like frequency response resulting in a small
bandwidth. In the present research, the second passive patch was added to obtain
larger operating bandwidth of the antenna. The approach for designing two-
resonator patch antennas, which is used in the present research, is considered in

[6]-[7]



As a substrate for the antenna, the RT/Duroid 5880 laminate was used with
the following parameters: dielectric constant ¢, = 2.2; thickness h =1.575 mm;
thickness of the top and bottom copper layers t = 0.018 mm; dissipation is defined
by tan 6= 0.00009.

The design of the antenna showing the dimensions of the patches is depicted
in Fig. 1. The antenna was designed so as to be fed by microstrip line. To perform
the matching between the coaxial feeder and the radiating rectangular patch, the
end of the coaxial probe should connect to the patch at the point at which its input
impedance is equal to the characteristic impedance of the coaxial feeder.
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Fig.1. Dimensions of a microstrip patch antenna. (a) Dimensions of the microstrip patches.
(b) Dimensions of the substrate and copper layers.

The design procedure described in [1] and [4] was used to obtain the initial
values of the dimensions of the patch, which are as follows: radius of the patch
R, = 24.6 mm; inset distance d = 18 mm; notch width g = 0.28 mm. The width of
the feeding line strip was chosen to be W=4.9 mm in order to perform the
characteristic impedance of the line to be Z, = 50 Q.

Fig.2. Model of the antenna.

As a result of the optimization procedure, the following dimensions were
obtained for the antenna: R,= 24 mm; R, =26mm; d=1mm; S = 8 mm;
g=1.5mm. In Fig.3, the simulated results for the directivity diagram and the
frequency responses of the antenna are shown. As it could be seen, the return loss
IS RL =|Sy|=-27.2 dB at the operating band’s left bound (f. =2.4 GHz), and
RL =|S;y|~-20.5 dB at the band’s right bound (fr=2.483 GHz), and



R

L =|Su1|=-22.4 dB at the center frequency f,=2.442 GHz. The gain of the

antenna is G = 6.1 dB. The polarization of the antenna is linear.
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Fig.3. Characteristics of the antenna. (a) Directivity. (b) Return loss.

The antenna designed in the present research is small-sized and easily

fabricated. Adding an additional parasitic rectangular patch resonator positioned
next to the active resonator lead to the relatively high bandwidth of the antenna
comparing with the one studied in [4]. VSWR value is less than 1.2 within the
operating bandwidth 2.4...2.483 GHz.
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